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Abstract
Corn (Zea mays L.) is the most consumed and sown grain in Mexico. Annual consumption is 46
million tonnes. For the High Valleys region (>2 800 masl), there are very few hybrids that adapt to
these conditions due to the altitude and low temperatures; the few that exist have low yields (<3
t ha-1). Therefore, this work aimed to evaluate the yield and adaptation of five corn hybrids under
conditions of the High Valleys of the State of Mexico. A completely randomized experiment with
three replications was established; seeded was carried out on March 30, 2020. The corn hybrids
that were established were H-40, H-66, H-70, AS 722, Cherokee, and the control, which was the
native corn of the area. The yields obtained were: AS 722 with 6 953 kg ha-1, H-40 with 5 188 kg
ha-1, and Cherokee with 4 547 kg ha-1; for the remaining two, H-66 had 4 313 kg ha-1 and H-70 had
4 265 kg ha-1; the native corn presented a yield of 6 078 kg ha-1, which was higher than that of the
H-40, H-66, H-70, and Cherokee hybrids. It can be concluded that the AS 722 hybrid presented
the highest yield and the best adaptability to the conditions of altitudes >2 800 masl, with a yield
of 6 953 kg ha-1.
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Introducon
Since ancient times, Mesoamerican man undertook the domestication of corn (Zea mays L.) in the
Mesoamerican region and was the main cereal used by the Maya in their religious ceremonies,
festivities and nutrition (Turrent, 2004). Corn is the only important cereal native to the Western
Hemisphere. Native to Mexico, it extends north to Canada and south to Argentina.

In Mexico, no other crop is as important as corn. From the point of view of area and production,
it ranks as the main crop, followed by sorghum, wheat, barley, rice, and oats, which are the most
grown cereals in Mexico. On average, 22 million tons of corn are produced per year, with an average
annual growth rate of 2%. Mexico is the home and place of origin of corn, so the country has a
unique and irreplaceable genetic diversity in its local varieties or native breeds (FAO, 2015; FAO,
2018; SIAP, 2023).

According to FAO (2018) statistics, corn was grown in 163 countries; Mexico ranks fourth in terms
of production volume, with 22 million tons (SIAP, 2023). The use of corn production worldwide is
distributed as follows: 22% is for human food, 63% for animal consumption, and 15% for other
(industrial) uses; for its part, in Latin America, 29% is used as human food, 58% for animal
consumption, and 13% for other uses FAO (2018).

No other species may be adapted to as many types of environment and have as great a variation in
human interest traits as corn. In addition, the number of ways in which corn is used is also unrivaled
among domesticated species (Perales, 2009). Corn is the main food of the Mexican population; it
has a great diversity of hybrids, varieties, and types that adapt to the different climate, soil, and
altitude conditions present in Mexico.

The problem of corn, as it has been raised in Mexico in recent decades, has many facets, such
as economic, social, cultural, ethical, political, agricultural, environmental, food, technical, and
scientific (Olivé, 2009). Mexico is experiencing a lack of corn grain that forces it to import 15 million
tons per year (SIAP, 2023). Likewise, agronomic research seeks to contribute to greater corn
production in the country with the generation of improved seeds in national research institutions
(Espinosa et al., 2009; Trueba, 2012).

In Mexico, no other crop is as important as corn. From the point of view of area and production,
it ranks as the main crop, followed by sorghum, wheat, barley, rice, and oats, which are the most
grown cereals in Mexico. On average, 19.3 million tons of corn have been produced in the last 11
years, with an average annual growth rate of 2%, which is significantly higher than the 6.1 million
tons produced of sorghum and 3.1 million tons of wheat. Mexico has a unique and irreplaceable
genetic diversity in its local varieties or native breeds (FAO, 2015; FAO, 2018).

Corn is the most important food in the country. Its per capita consumption is estimated at 300 g
day-1, which provides 56% of the calories and 47% of the proteins in the Mexican diet. Of the total
corn used in the country, 59.5% is consumed in tortillas. Four point seven percent is processed by
the starch industry and 35.8% is destined for other uses (seeds, animal feed and consumption by
the farmer) (González, 1995).

In Mexico, corn is not just another agricultural product and its cultivation is carried out in the hope
of obtaining greater profits and supplying family consumption (Nadal and Wise, 2005). The use of
native seed in Mexico is 75%. The remaining 25% comes from seed of improved varieties. In this
context, in the High Valleys of Mexico, only 6% is planted with improved seed (Tadeo et al., 2015).

Given the situation of available corn materials, we must have a wide variety of options that adapt and
have profitable yields; therefore, having specific hybrids for the High Valleys is a great opportunity
for the continuous improvement of corn production in the region. A corn hybrid is the result of
genetic improvement by crossing two or more lines with desirable traits. Some characteristics that
are sought with this technique are: improvements in yield and grain composition, tolerance to pests
and diseases, adaptation to situations of abiotic stress, resistance to lodging and earliness, among
others (Delgado, 2017).
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The adaptation of exotic corn genotypes to the Central Mexican Plateau modified the morphology
of earliness to flowering, length and branching of the central tassel, ear shape, number of grains
per row of ear, and number of rows per ear. The morphological changes in the original populations
allow us to recognize the phenotypic variability existing in the evaluated populations, which could
be incorporated into corn genetic improvement programs to take advantage of their divergence and
generate greater heterosis (Velasco et al., 2022).

In the State of Mexico, corn is mostly grown under rainfed conditions and with very varied levels
of technology, whose yields are less than 1 t ha-1 in some regions and above 8 t ha-1 in the
most technical production systems. In this state, an average of around 470 000 ha are cultivated
historically, of which 20% is cultivated under irrigation, 26% under favorable rainy season, and the
remaining 54% is cultivated under limited rainy season (SIAP, 2023).

In general, the yields of corn and crops depend mainly on climate and soil conditions in addition
to technological development, the use of inputs, machinery, and specialized technical assistance.
Therefore, there is a variation in yields. The State of Mexico has the land, conditions, and technology
required to achieve self-sufficiency and food sovereignty in corn. What is needed is to use the
information on the lands that have good potential to implement development programs in these
areas and thus increase productivity (Sotelo et al., 2016).

It is necessary to introduce new corn hybrids that adapt to the conditions of the High Valleys to
increase yields because producers in these areas only sow native corn (Sotelo et al., 2016). The
purpose of this work was to find the hybrid that best adapts and presents the highest yield for the
conditions offered by the High Valleys region.

In these areas, the use of improved materials is almost non-existent due to the lack of research
work that tries to find corn hybrids that adapt to this area. There is no technological package to
improve crop production, there is a lack of confidence on the part of the producer to use hybrids
in the area since there is not a well-established material that adapts and has a yield that becomes
attractive to producers.

In the market, there are few options for hybrids for High Valleys (<2 700 masl), their use is reflected
in the small area sown with the same materials; for that reason, it is still the native seed that
predominates in the sowings of these areas. Therefore, the objective proposed in this work was to
evaluate the yield and adaptation of five corn hybrids under conditions of the High Valleys of the
State of Mexico.

Materials and methods

Locaon of the study area
The municipality of San José del Rincón is located in the western part of the State of Mexico and
ranges from 99° 52’ 01” to 100° 16’ 26” west longitude and from 19° 28’ 58” to 19° 47’ 07” north
latitude. The average altitude is 2 740 masl (INEGI, 2019; INEGI, 2022). The predominant climate is
temperate subhumid with rainfall in summer C (w2) (w). The annual temperature varies between 12
°C and 18 °C. Nonetheless, there are minimum temperatures of -2 °C and maximum temperatures
of 28 °C. Rains are abundant from July to September, winds and dust devils occur in February and
March, whereas in December, January, February and March, there are frosts.

The dominant soil where the experiment was established is Andosol, with an altitude of 2 865 masl
and coordinates of -100° 08’ 34” west longitude and 19° 31’ 20” north latitude (Figure 1); the locality
is Rameje, San José del Rincón, State of Mexico (INEGI, 2019; Sotelo et al., 2020; INEGI, 2022).
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Figure 1. Locaon of the experiment in Rameje, San José del Rincón, State of Mexico.

Methodology
The experiment was established in the locality of Rameje, with an altitude of 2 865 masl at the site
or place of the experiment, in San José del Rincón, State of Mexico. The corn hybrids that were
selected for the experiment were: H-40, H-66, H-70, AS 722, Cherokee and the producer’s native
corn, which was the control of the area. The experiment was sown on March 30, 2020, with a seeder
and all the established materials were harvested on October 29, 2020.

Land preparation included fallow and harrowing; sowing was done with a seeder, which was
calibrated for a density of 60 000 plants ha-1. The fertilization dose applied to the experiment was
90-70-90 (N-P-K), 70% of the nitrogen and potassium were applied at sowing and all the phosphorus
and the remaining 30% of N and K were applied at the second weeding; the sources used were
urea, diammonium phosphate (18-46-00), and potassium chloride.

The work carried out on the crop was the application of a pre-emergent herbicide. In addition, at the
sowing, first and second weeding, after the second weeding, a second application of herbicide was
carried out with Maister. The experimental design was completely randomized, where the hybrids
are the treatments with three replications; the sampling was done by hand and it consisted of three
samples for each replication of each hybrid.

The experiment was analyzed with the Statistical Analysis System (SAS), where a comparison of
means of yields between hybrids was carried out (Martínez, 1996; SAS, 2018). The treatments
established were native corn with 33 rows, AS 722 with 18 rows, H-70 with 21 rows, Cherokee
with 27 rows, H-40 with 18 rows, and H-66 with 24 rows; the rows per replication were 11 rows
per replication for native corn, six rows per replication for AS 722, seven rows per replication for
H-70, nine rows per replication for Cherokee, six rows per replication for H-40, and eight rows per
replication for H-66.

The length of the furrows was 70 m, with an orientation from east to west. The experiment was
established in the locality of Rameje, San José del Rincón, State of Mexico; the harvest was carried
out by hand, where three samples were taken for each replication to obtain an average yield per
replication (Table 1).
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Table 1. Corn hybrids of the experiment in Rameje, San José del Rincón, State of Mexico.

Hybrid Total rows Rows per replication

Native 33 11

AS 722 18 6

H-70 21 7

Cherokee 27 9

H-40 18 6

H-66 24 8

Results and discussion
Table 2 shows the yield data obtained from the experiment of five corn hybrids and the control,
which is the native corn that the producers sow in the area.

Table 2. Yield data of corn hybrids in Rameje, San José del Rincón, State of Mexico.

Hybrid Replication No. of plants No. of ears Sample

weight (kg)

Grain weight (kg) Yield (kg ha-1)

H-66 1 19 17 1.86 1.22 3 812.5

H-66 2 18 12 1.69 1.38 4 312.5

H-66 3 22 22 2.08 1.35 4 218.8

H-40 1 27 20 1.59 0.93 2 906.3

H-40 2 34 22 1.53 1.255 3 921.9

H-40 3 26 18 1.99 1.66 5 187.5

Cherokee 1 33 30 2.07 1.4 4 375

Cherokee 2 22 28 1.85 1.135 3 546.9

Cherokee 3 34 34 2.38 1.455 4 546.9

H-70 1 20 17 1.565 1.365 4 265.6

H-70 2 25 20 1.57 0.935 2 921.9

H-70 3 28 17 1.275 0.73 2 281.3

AS 722 1 39 39 3.94 2.225 6 953.1

AS 722 2 39 30 1.27 0.52 1 625

AS 722 3 47 27 0.9 0.725 2 265.6

Native 1 19 15 1.56 1.085 3 390.6

Native 2 23 19 2.41 1.565 4 890.6

Native 3 18 17 2.825 1.945 6 078.1

Based on the data in Table 2, it was observed that the best yields occurred with the AS 722 hybrid, 
with 6 953 kg ha-1 for replication 1, followed by native corn with 6 078 kg ha-1 for replication 3, then 
H-40 with 5 188 kg ha-1 for replication 3, and Cherokee with a yield of 4 547 kg ha-1 for replication
3. The AS 722, H-40, and Cherokee hybrids are the ones that showed the highest yields and good 
development in a replication of each established hybrid.

On the contrary, it was analyzed that the lowest yields range from 1 625 kg ha-1 for replication 3 and 
2 266 kg ha-1 for replication 2 of AS 722, 2 281 kg ha-1 for replication 3 of H-70 and 2 906 kg ha-1 for 
replication 1 of H-40. The results of the statistical analysis in SAS (SAS, 2018) of the comparison of 
means of the yields of the experiment do not show significant differences for the hybrids because 
the yields have similar values and there are no notable differences in yield. Considering the three 
replications for each hybrid, it was observed that the highest yields occurred in the native corn, 
Cherokee and H-66 (Figure 2).

DOI: https://doi.org/10.29312/remexca.v16i1.3368

elocation-id: e3368 5

https://doi.org/10.29312/remexca.v16i1.3368


Figure 2. Comparison of yields per replicaon for each corn hybrid (SAS, 2018) in Rameje, San José del 
Rincón, State of Mexico.

With respect to the established hybrids, it can be said that they do have very good development
and adaptation to the area although the height above sea level is 2 865 m; AS 722 presented 6 953
kg ha-1 in one treatment and was the highest. Studies similar to this work are those by López et al.
(2020); López et al. (2021); in their findings, they found that V-520C corn adapted to High Valleys
and presented yields of 3.5 t ha-1, which are acceptable for these conditions.

Reynoso et al. (2014) evaluated 17 corn hybrids for High Valleys, where they found grain yields of
8.19, 8.1, 7.35 and 7.95 t ha-1 for the H-55 hybrid in four localities. Velasco et al. (2022) evaluated
ten corn hybrids for High Valleys; they found that the outstanding hybrids were Atziri Puma, with
grain yield of 8 044 kg ha-1, followed by Tsíri Puma with 7 783 kg ha-1.

The average yield obtained for High Valleys under rainfed conditions is 3.5 t ha-1 of corn grain;
however, it can be increased to 6 t ha-1 if improved seeds are sown and appropriate production
technologies are applied. For their part, Tadeo et al. (2016) obtained yields of 8 116 kg ha-1 for the
Tsiri Puma hybrid for the Valley of Mexico, Toluca-Atlacomulco Valley, Puebla Valley, San Martín
Texmelucan, Huamantla and Apizaco in Tlaxcala.

Regarding the work of adaptation to these conditions, Velasco et al. (2019) mention that hybrids
and varieties of corn (Zea mays L.) introduced to High Valleys, from other latitudes, are a favorable
and useful source in genetic improvement, but before being used, they must adapt to the climatic
conditions of the environments of interest; in addition, they mention that the tropical and subtropical
corn hybrids adapted to the High Valleys showed outstanding yield traits, so they could be used
in the genetic improvement of corn.

A work similar to this research is that by Tadeo et al. (2020), who evaluated six corn hybrids: H-51
AE, H-53 AE, H-47 AE, H-49 AE, Tsíri PUMA, and H-48 and three sowing densities: 50 000, 65 000,
and 80 000 plants ha-1 For the conditions of the Valle de México Experimental Field (CEVAMEX, for
its acronym in Spanish), the Tsíri PUMA hybrid presented the highest grain yield with 5 856 kg ha-1.

Authors such as Virgen et al. (2013) evaluated the yield and productivity of the H-40, H-66, and
H-70 hybrids for the High Valleys of the State of Mexico; they generated information on localities,
potential yield, population density, and sowing dates for the production of parents, lines, and single

DOI: https://doi.org/10.29312/remexca.v16i1.3368

elocation-id: e3368 6

https://doi.org/10.29312/remexca.v16i1.3368


crosses of these materials for sowing under these conditions. Eight point sixty eight tonnes were
produced and sold per year, which represented 60% of the seed demand by corn producers for
this type of environment.

Conclusions
The five corn hybrids: H-40, H-66, H-70, AS 722, and Cherokee showed good adaptability and
acceptable yields. The highest yields were obtained for AS 722 with 6 953 kg ha-1 for replication 1,
followed by H-40 with 5 188 kg ha-1 for replication 3, and Cherokee with 4 547 kg ha-1 for replication 3.

It can be concluded that the AS 722 hybrid presented the highest yield, with 875 kg ha-1 more than
the native corn planted by the producers in the area; besides, it was observed that the highest
average yields occurred with the native corn, Cherokee, and H-66.
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