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Abstract

In this study, 86 mestizos and 10 hybrids were evaluated in five locations in Central Mexico in
randomized complete blocks with two repetitions per site, considering grain yield (REND), male
(DFM) and female (DFF) blooms, plant heights (ALP) and cob (ALM), aspects of plant (ASP) and
cob (ASM), stem (PAT), root (PAR) and total (PACA), tillering (PHI), cob rot (PMP) and plants
cuatas (PPC). There were highly significant differences between females and between males for
almost all variables. The female one presented the highest means for most of the variables. The
interaction males x females were highly significant for REND, DFF, ASM, PAT, PHI and PMP.
Males with higher grain yield and prolificacy 7, 38, 41, 35, 34, 33, 9, 24, 36, 30, 23, 32, 19, 10; of
these 7 and 41 were the latest. All the males showed good aspect of plant and cob as well as similar
lodging and tillering. The highest percentage of cob rot appcobed in 41, 30 and 27.
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Introduction

In 2012, 7.3 million ha of corn were sown and production of 22.07 million (3.19 t ha!) was
obtained, with 7.5 and 2.2 t ha!, irrigated and temporary, respectively (SIAP, 2014). In the
High Valleys of central Mexico (2 101 to 2 800 meters above sea level), 1 108 267 ha are sown;
134 082 ha in irrigation, 306 828 ha in favorable weather and 667 357 ha in limiting weather
(Turrent, 1994).

Since 1950, INIFAP has released more than 40 hybrids and improved varieties (Gdmez et al., 1996)
formed with S:-S4 lines derived from creoles and some backcrosses, but with more inbreeding
depression caused by the high frequency of deleterious genes (Marquez, 1988). Recently, S7-Sg
lines have been derived from simple crosses formed with lines from High Valleys and donors from
other regions (Velazquez et al., 2013), these have been selected per se but their combinatorial
aptitude has not been evaluated.

The formation and evaluation of mestizos is important to select the best using suitable testers
and based on their combinatorial aptitude (Welcker et al., 2005; Lorenz et al., 2009) and this
has been the main method (Bernardo, 2001) to select lines that convey desirable characteristics.
Varieties, recycled lines, mixtures of varieties or hybrids have been used (Pfarr and Lamkey,
1992). A good tester should allow to classify the merit of each line and maximize the genetic
gain (Russell et al., 1992; Menz et al., 1999). In the previous context, the objective of this work
was to analyze mestizos formed with two simple crosses of CIMMYT to identify the most
outstanding.

Materials and methods
Description of the study area

This rescobch was carried out in the Spring-Summer of 2013 in the rainforest and tip of irrigation
in five localities of the Center of Mexico, differentiable by the characteristics indicated in
Table 1.

Genetic material

We included 86 mestizos trained with 43 intermediate cycle lines derived from the Conic race
(Michoacan 21, Cuatero of the Virgen and Tlaxcala 151) and two simple crosses from
CIMMYT, identified as females 1 (CML 246 x CML 242) and 2 (CML 457 x CML 459). They
were also H-40, H-58E, H-76E, H-77E, H-66, H-70, HC-8, AS-722, P1684 and ICAMEX
2010.

Experimental design and size of the plot
The 96 treatments were evaluated in the field in a randomized complete block design with two

repetitions per site in a series of experiments in space. The experimental plot consisted of two rows
of 5.0 m in length and 0.8 m in width (8 m?).
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Table 1. Description of the localities.

State Locality Location Weather conditions Predominant soil
Mexico Coatlinchan, Latitude: 19°49°05”  T° average= 15.7 Of wvolcanic origin, with ash
Texcoco, Longitude: 99°06°39” T° min=6.7 cemented between 40 and 60 cm
Mexico Altitude: 2 262 m T° max=24.8 deep. Textural classification:
(Santa Lucia) Pp annual= 539 mm varies from medium to fine
textures  (franc, loam-clay).
(Magafia & Juarez, 2003).
Tlaxcala Estacion Latitude: 19°20°37”  T° average= 14.1 There are two types: Cambisols
Mufioz Longitude: 98°12°13” T° min=4.5 and Fluvisols. Cambisols are
Altitude: 2 487 m T° max= 23.7 often soils with duripan or
Pp annual=626 mm tepetate  horizons.  Fluvisols
comprise poorly developed and
deep alluvial sediments (Cuellar,
2012).
Mexico  Almoloya of Latitude: 19°22°08”  T° average= 13.3 Sedimented soils predominate
Juérez Longitude: 99°45°37” T° min= 4.6 with a high proportion of
Altitude: 2 613 m T° max= 22 expandable clays (Vertisols) and
Pp annual= 744 soils with a dark, shallow surface
layer, rich in organic matter and
nutrients, but without the lime-
rich layers, deep on flat terrain.
(Feozem) (Estrada, 2012).
Mexico  Atlacomulco Latitude: 19°78°83”  T° average= 13.9 The feozem predominates, brown
Longitude: 99°94°25” T° min=5.6 cobth rich in nutrients. The
Altitude: 2538 m T° max=22.2 second type is the Vertisols,
Pp annual= 735 mm which is almost always very
fertile soils, because of its
hardness it makes it difficult to
manage it for farming and it often
has floods. The third type is the
Planosols, flat but old fertile
soils, known as “tepetate”, are
easy to erode (Encyclopedia
Atlacomulco, 2005).
Mexico  Toluca Latitude: T° average=13.1 Soils Andosols, Litosols and
19°24°34.17” T°min=4.9 Regosols, characteristic of the
Longitude: T° max=21.3 volcanic zones and susceptible to
99°41°21.2” Pp annual=800to  erosion, the north central portion
Altitude: 2 614 m 1000 mm of the municipality presents

Feozem, Vertisols and Planosols
soils, of medium agricultural
fertility, susceptible to cracking
and flooding (Herndndez, 2012).
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Conduction of experiments

Land preparation, sowing, fertilization and cultural work were carried out in accordance with the
technical recommendations of INIFAP, 75 000 plants ha™ were managed. Weed control in pre and
postemergence was done with atrazine (33.7%) and S-metoloclor (26.1%) in 3 L ha*. The trials
were planted on April 9, 10, 16 and 17 with irrigation tips at Atlacomulco, Toluca, Almoloya of
Juérez, and Coatlinchan, respectively, and in strict weather at Estacion Mufioz (May 24). The
harvest in Santa Lucia was made at the end of November and 2, 4, 5 and 9 December in Toluca,
Atlacomulco, Almoloya of Juarez and Estacion Mufioz, respectively.

Data register

The variables of interest were grain yield (REND, weight of all cobs of the useful plot,
corrected by percentage of shelling and moisture (14%) and extrapolated to kg hat), male and
female blooms (DFM and DFF, days from sowing until 50% of the plants released pollen or
had stigmata), plant and cob heights (ALP and ALM, measured in cm from the soil surface to
the base of the cob or cob insert), aspects of plant and cob (ASP and ASM, visual quality of
stem, plant and cob on a scale of 1 to 5, where 1 is better and 5 worse), root lodging (PAR,
plants with 35° or more inclination) , lodging of stem (PAT), total lodging (PACA, plants with
both acames), plants with poor cover (PMC), percentage of children (PHI), rotten cobs (PMP)
and plants cuatas (PPC).

Statistical analysis

The data were subjected to an analysis of variance and to the comparison of means between sites
and between genotypes with the tests of Tukey (Martinez, 1988) or Dunnett (p= 0.05). The outputs
were obtained with the system for statistical analysis version 9.2 for Windows. The program for
SAS was prepared by PhD Fernando Castillo Gonzélez, professor and rescobcher of the
Postgraduate School- Mexico.

Results and discussion

In this study, significant differences were detected (p= 0.05 or 0.01) among localities in the 14
variables. This fact suggests that the environmental heterogeneity that exists in central Mexico
forces the rescobcher to establish trials in contrasting sites to identify the most favorable ones
(Table 2) Reynoso et al. (2014) and Torres et al. (2011, 2017) commented on differences in altitude
and types of climate and soil are the most important (Table 1).

The significant effects that were observed between treatments (p= 0.01) are explained by the
statistical differences between mestizos and commercial hybrids (Table 2). Obaidi et al. (1998);
Castafion et al. (1998); Mihaljevic et al. (2005) observed similar results. This fact evidences an
outstanding fraction of the germplasm that exists in the central region of Mexico of the Conic and
Chalquefio breeds and of other CIMMYT breeds (Gonzalez et al., 2008; Reynoso et al., 2014;
Torres et al., 2001, 2017).
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The significant effects that were detected in all the variables between females or between males
explain the phenotypic variability that was registered among mestizos (Table 2), the lines evaluated
had a different behavior in their respective mestizos and there is genetic diversity (Mosa, 2010).
Both females belong to CIMMYT and the 43 lines are from INIFAP, derived from Michoacan 21,
Cuatero of the Virgen and Tlaxcala 151. Castellanos et al. (1998) concluded that simple crosses
were the best alternative as testers to generate superior trilincob hybrids. In other studies, it was
concluded that the behavior of the males was different, depending on the female used (Mosa et al.,
2008; Mosa, 2010; Habliza and Khalifa, 2015).

The 10 commercial hybrids were statistically different in 10 of the 14 variables. The origin of
three of them is unknown, but it is inferred that they could have CIMMYT germplasm, such as
H-40 and ICAMEX 2010; the female of the first has the same lines of the tester 1 and the female
of the second has the same progenitors of the tester 2. H-58E, H-70, H-66, H-76E and H-77E are
formed with germplasm of CIMMYT and with lines of Michoacédn 21 and Tlaxcala 151, conic
race. In other studies, similar inferences have been made (Gonzalez et al., 2008; Quiroz et al.,
2017). This last situation could explain the cancellation of effects that occurred in crosses vs
hybrids; the mean of each group and its average could be considered as an estimator of the mean
of the 96 treatments.

Table 2. Mean squares and statistical significance of the F values in the combined Anava.

FV GL REND DFM DFF ALP ALM ASP ASM
Locations (L) 4 1150045286™ 40511.4™ 35668.1" 66628.1" 29662.7" 27.4° 1285
Repetitions/L 5 2698533 132.21 258.5 699.5  1005.74  2.63 3.19

Treatments (T) 95  5325781™ 475" 60™ 1568.3"  756.5™ 3.8™ 1.5"
Crosses (C) 85 5677303 47.35™ 58.68™ 1654.2" 783.35™ 3.72" 145"
Females (H) 1 70431245™ 441.22™ 7747 13476.6™ 85.64™ 86.53™ 38.89™

Males (M) 42 7759204™ 79.29™ 106.96™ 1894™  1201.43™ 4.74™ 1.5™

HxM 42 2053642~  6.02™ 9.95*  1132.8® 381.89™ 0.73® 0.51"
Hybrids (HI) 9 2581627  44.16"  66.28”  878.99™ 458.89™  4.69” 231"
Cvs HI 1 143157™  94.14"  118.9"  121.6™ 1149.6™ 6.43”  0.53™
TxL 380 1839167 5ns 6.9" 917.5™  400.1™ 12" 052"
CxL 340 1833634  4.86™ 7.03"  1001.8™ 43159™ 12" 049"
HxL 4 11287051 27.38™  48.78"  819.9° 3665 22917 3.24"
M x L 168 2109391” 5.6 756"  1023™  475.22™ 124" 056"
HxMxL 168 1332796”  3.59™ 551" 985" 3895  0.64  0.36™
HIx L 36 1948314”  6.61° 6.48™  183.45™ 131.13° 1.1™  0.69"
CvsHIXL 4 1327131 4.2 7.5 354 1535 45 17
Combined error 475 437453 4.45 5.96 881.61 380.72 065  0.32
cV 10.9 2.2 2.5 14.56 19.4 285  18.6

REND-= grain yield; DFM= male flowering; DFF= female flowering; ALP= plant height; ALM= height of cob; ASP=
aspect of the plant; ASM= appcobance of the cob; ", ™= significant at the probability level of 0.05 or 0.01, respectively.
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Table 2. Mean squares and statistical significance of the F values in the combined Anava
(continuation).

FV GL PAR PAT PACA PMC PHI PMP PPC
Locations (L) 4 77077 1799.17 8410.24™ 3823.6™ 5000.4™ 75127.8™ 26876.02"
Repetitions /L 5 323.37 97.16 512.79 95.84 328.5 124.37 411.1

Treatments (T) 95 255.3™  153.79™  584.3™ 65.18" 3567  187.2" 228.6™
Crosses (C) 85 243.41™ 138.6™ 534.75™ 68.19"  36.71" 179.59™ 230.3"
Females (H) 1 3089.417 2421.89™ 10994.19™ 2033.72™ 288.26™ 213.8™ 1506.9™

Males (M) 42 333.367 162.71" 696.75" 62.79” 35.53" 2705 335.22™

HxM 42  85.7™ 60.1" 123.72™ 26.79™ 31.9 87.8™ 94.9™
Hybrids (HI) 9  372.24™ 303.74™ 1050.74™  30.97™ 26.7™  239.86"  216.7"
CvsHI 1 21496™ 95.16™ 596.85°  117.03™ 26.86™ 365.56"  196.69™

TxL 380 1145™  72.86™ 194.9™ 42.03" 26.1" 93™ 89.4™
CxL 340 117.8" 71477  191.96" 4275 26.3"  90.71™ 91.32™
HxL 4 376.87 1361.2" 1210.43™ 426.23" 182.39™ 1869.14™ 700.77"

M x L 168 150.47"  73.6™ 25291  38.26™ 244"  90.73" 90.51™
HxMxL 168 78.95™ 38.5™ 106.7™ 38.1" 24.45" 483" 77.62"

HIx L 36  92.78™ 69.68™ 200.3™ 26.8" 26.33™  119.96™ 78.8™
CvsHIXxL 4 30.7™ 219.9™ 404.6™ 117.4™ 8.3" 44.9™ 26™
Combined error 475  71.99 39.15 95.9 33.75 21.76 33.92 70.35

Ccv 116.5 102.45 73.13 72.33 79.38 46.64 60.66

PAR= root encam; PAT= stem house; PACA= both camps; PMC= plants with poor coverage; PHI= percentage of
*, "= significant at the 5 or 1% probability levels, respectively.

children; PMP= rotten cobs; PPC= plants cuatas; ~,
The interaction treatments x localities significant in 11 variables (p= 0.05 or 0.01) suggests that
crosses and hybrids are unstable. In the rest of the interactions presented in Table 2, a similar trend
was observed. This condition will make it difficult to identify high-performance genetic material
with adaptability to the environmental conditions of the study area. Phenotypic instability forces
the plant breeder to choose genotypes with specific adaptation; the generation, validation,
application and/or transfer of technology will also be conditioned and there will be side effects in
the seed increase and production programs. Mexico could be self-sufficient in corn production by
identifying a higher fraction of the germplasm available in different rescobch and teaching
institutions (Gonzaélez et al., 2010; Franco et al., 2016; Torres et al., 2011, 2017).

The highest grain yields were observed in Valley Toluca-Atlacomulco (from 6 635 to 8 700 kg ha®
). The greatest biological cycle was also registered, the biggest and the best aspects of plant and
cob heights, less acame stem, root and both, and more prolific. Cob rot was less than 6% and there
was more tillering (Table 3). Other studies have highlighted the high potential of this region of
Mexico, where there are good climate and soil conditions that favor the growth and development
of the maize, in the absence of late or cobly frosts and low rainfall; between 4.0 and 10 t ha™* of
grain have been recorded (Gonzalez et al., 2008; Gonzélez et al., 2010; Reynoso et al., 2014;
Quiroz et al., 2017; Torres et al., 2011, 2017).
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Table 3. Comparison of means between evaluation sites (S).

S REN DFM DFF ALP ALM ASP ASM PAR PAT PACA PMC PHI PMP PPC
8700a 97.3c 97.0b 216.8a 105.7a 2.9a 3b 8.3bc 4.7b 13.1a 14.2a 13.6a 55b 30.4a
7821b 102.7b 103.5b 226a 115.1a 2.8ab 3b 9.6ab 6.4b 16.1a 10.8ab 5.5b 5.3b 21b
6635c 109.7a 111.2a 204.5b 104.5ab 2.1b 2.5bc 0.7d 2.7b 3.4b 6.9bc 7.4ab 3.2bc 10.9c
4102d 96.5¢ 97.3b 179.5d 83.2c 3.l1a 21c 16.1a 55b 216a 33c 0.7b 05c 1.5d
2942e 71.3d 74.6c 192.3d 92.6bc 3a 4.3a 1l.5cd l1lla 12.5ab 4.8c 1.9b 47.6a 5.lcd
6040 955 96.7 203.8 1002 28 3 72 61 134 8 58 12.4 138
6725 4.7 65 108 129 066 073 73 4 9.2 4 74 45 83

Values with the same letter within columns are statistically similar. REND= grain yield; DFM= male flowering; DFF=
female flowering; ALP= plant height; ALM= height of cob; ASP= aspect of the plant; ASM= appcobance of the cob;
PAR= root encam; PAT= stem house; PACA= both camps; PMC= plants with poor coverage; PHI= percentage of
children; PMP= rotten cobs; PPC= plants cuatas; M= arithmetic mean; D= significant minimum difference; 1=
Atlacomulco; 2= Almoloya of Juarez; 3= Toluca; 4= Estacién Mufioz; 5= Santa Lucia.

O oo NP

In relation to the 96 treatments, the grain yield varied from 3 176 to 7 312 kg ha; 72 mestizos
(83%) were statistically equal to H-40, of these, 33 (38%) exceeded it from 0.5 to 15.8% and 23 or
20 were statistically more precocious in DFM or in DFF and had similar means in ALP, ALM,
ASM, PMC, PHI and PMP. Only 41 and 84 presented worse ASP, attributable to their higher PAR,
PAT and PACA. Crossing 70 was for PAT and PACA. Crosses 38 and 81 presented higher PPC.
In this region of Mexico, hybrids and varieties of high yield and stability, cobly, intermediate plant
and cob heights, resistant to lodging are desirable (Gonzélez et al., 2008; Gonzalez et al., 2010;
Torres et al., 2011, 2017), such as those identified as 81, 34, 41, 10, 33 and 59 (Table 4).

Table 4. Comparison of treatment means.

Trat REND DFM DFF ALP ALM ASP ASM PAR PAT PAC PMC PHI PMP PPC

81 7312.7° 963 975 2079 99 2 27 51 34 85 7 47 87 251"
34 7306.4° 93.4" 951" 1996 912 24 23 43 31 74 98 52 86 124
41  7284.1 98.8 1005 2249 126.1 45" 25 202° 96 298" 87 56 161 20
10 71522 91.7° 924" 1939 982 26 26 3.1 5 81 73 58 63 17
33 71117 93.0° 941" 2022 967 24 26 36 38 74 54 69 79 15
50 7066.9 100.3 1025 2155 1082 29 3 96 88 183 74 36 97 14
35 6965.8 939" 951" 202 946 27 24 32 73 105 79 52 7.1 146
H-76-E 6944.8 94.6° 96.1 2104 1032 25 26 53 34 87 8 65 143 148
7 69214 99.7 1015 2109 1054 22 27 149 42 191 61 3 102 145
11 6894 93.3" 94.3" 1983 971 34 26 6.9 5 118 54 88 65 191
29 6806.4 93.1" 941" 2394 1012 21 31 11 35 47 57 47 71 111
23 6796.4 92.7° 95" 2089 1072 27 25 36 7 106 35 6 73 99
31  6790.2 942" 96.1 1958 864 17 3 1 16 26 53 88 108 7.7
12 67505 95.1 97.1 197 9%5 18 26 15 23 39 7 41 59 133
36 67134 935" 949" 2008 89.7 23 29 39 45 84 82 73 112 185
13 66931 952 979 1972 944 17 25 21 2 41 40 71 7 107
14 66841 964 975 1942 927 19 24 42 27 68 47 46 91 111
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Trat REND DFM DFF ALP ALM ASP ASM PAR PAT PAC PMC PHI PMP PPC

32 66838 93.3° 953" 2063 957 22 29 54 29 83 84 44 6.6 139
H-77-E 6677.7 94.6° 953" 2128 1022 26 24 45 44 89 7 6 129 185
24 6641 92.1" 94.1° 206 1008 2.7 25 34 71 104 47 59 86 84
70 66341 95.1 954" 2288 936 36 32 107 179" 286 105 54 16.7 10.2
38  6626.6 94.1° 954" 2122 99.7 22 25 65 24 89 24 61 138 25
30 6610.7 93.1° 951" 203 994 22 33 15 1 25 62 56 172 96
78  6556.7 957 964 2055 991 33 31 112 85 198 121 9 118 19.2
9 6530.3 94.3° 953" 201.7 1019 28 26 32 41 73 108 44 36 154
84 65035 99.8 101.1 2163 116 4.8° 33 20.7° 251" 458" 109 6.2 159 228
26 64955 924" 942" 2481 1006 21 26 22 18 4 58 67 109 97
22 64831 94.1" 951" 2072 1044 27 24 35 73 109 92 72 118 86
52 64816 964 97 1988 1159 33 32 66 87 152 103 43 105 237
HC-8 6467.7 955 958" 187.1 86.7 22 26 45 2 65 86 44 64 182
28 64541 939" 96.1 2096 1072 28 23 34 76 11 59 5 81 85
19 6442.0 93.8° 954" 2108 986 25 27 56 28 84 107 54 44 8
64  6355.1 942" 951" 1975 995 3 33 63 94 158 74 41 155 127
67 6353.0 94.2" 944" 2006 101 33 32 69 76 145 113 7.8 123 153
25 63499 933" 96 2115 1124 24 27 37 88 125 6 94 84 125
37 6348.1 949" 95° 1965 853 23 29 61 53 114 74 82 122 15
H-40 6314.7 981 996 206 1059 28 26 74 34 108 5 46 95 12
62 62979 96.1 965 2061 964 29 33 91 63 154 161" 24 93 94
17 62954 95.1 96.4 2137 1015 24 31 43 42 85 87 44 92 11
73 62425 93.3" 93.7" 1927 954 33 34 62 99 162 99 42 141 59
76 6228.4 952 955" 2015 977 34 32 145 73 218 118 38 14 184
15 62046 949" 968 191 873 16 26 17 13 3 75 69 96 93
65 6177 944" 952" 1916 959 29 3 22 102 124 123 55 144 115
68 6168.3 93" 935" 1945 959 29 32 26 79 105 81 57 152 113
21 61499 92.8" 941" 2024 1005 29 27 59 45 103 6.2 103 11.7 134
79  6148.8 94.3" 943" 1925 865 26 35 73 39 112 136" 73 95 126
77 61435 943" 945" 1949 896 32 31 117 84 20 108 1.8 11.7 20.2
80 6119.3 946" 957" 188.1 89.6 28 3.7° 111 36 147 88 46 9 13
75  6082.6 94.3° 946" 2055 967 34 31 112 85 197 77 58 81 94
83 60756 96.9 979 2136 138.1" 41" 3 195 112 30.6° 7.7 55 137 194
H-66 6043.1 959 974 2038 1078 35 34 115 117 232 97 95 13.7 186
66 59956 94.3° 94.6° 1953 953 27 33 2 61 81 98 5 185" 11.8
71 59772 943" 944" 246 1033 35 35 97 71 167 117 58 107 838
69 59582 93.9" 952" 1915 1059 27 34 45 32 77 88 5 143 83
39 5917 968 98 2043 1083 34 33 77 73 15 54 105 186" 16.3
27 59135 92.6" 93.4" 2073 1024 33 29 88 67 155 97 54 136 6
74 58913 93.7° 943" 1886 886 28 35 56 42 98 82 42 78 116
16  5889.6 94.9° 96.8 2037 945 21 31 18 28 46 53 64 109 9.2
3 5879.4 975 99.7 250.9" 1043 26 31 97 5 147 47 6.2 209" 104

622



Rev. Mex. Cienc. Agric. vol.9 num. 3 April 01 - May 15, 2018

Trat REND DFM DFF ALP ALM ASP ASM PAR PAT PAC PMC PHI PMP PPC

18 5879.0 95.1 971 2043 1143 19 31 46 22 67 63 63 113 125
42 58552 97.9 1004 2124 96 2.7 27 107 28 134 33 6.7 20.7° 135
63 58433 955 96.1 2000 983 33 33 56 114 17 69 4 11 6.3
H-58-E 5841.8 99.8 101.8 215 1071 26 36° 57 31 88 54 6.2 185 116
54 5829.8 96.4 96.8 186.7 927 31 34 68 116 184 88 47 104 255
20 57901 959 972 2113 1026 23 31 48 21 7 57 59 116 109
6 5765.5 93" 95" 209.8 1013 25 33 62 46 108 7 85 166 103
4 5759.8 945" 958" 208.6 1042 27 35 45 41 86 64 9.6 152 112
82 57392 972 975 211 104 41" 34 173 158" 331" 62 5 178 192
H-70 57299 96.6 97.8 1926 103.8 4.1 3.7° 185 19.2" 37.7° 7.6 84 134 112
AS-722 5728 94.6° 968 210 113 38 33 6.3 12 183 4.0 57 241" 74
60 57131 96.2 971 2025 974 32 33 139 6.8 206 12 45 142 113
72 57116 943" 941" 196 1011 25 39° 25 59 84 127 44 93 112
61 5680.7 97.7 99.2 1955 912 33 31 145 39 185 111 74 129 16
57 5680.1 973 98 1915 1116 24 29 1.7 6 137 87 7.1 108 17
IC-2010 5667.5 99.9 102.2 2153 103.1 39 27 2024 53 255 71 74 129 16
58 56499 96 969 1818 854 26 3 43 53 96 49 37 124 20
55 56344 975 988 188 881 29 3.2 5 47 97 88 39 94 109
5 5632.7 93.8° 95.6° 213.2 1077 26 34 65 45 11 94 94 176 141
53 55815 963 972 1893 981 3 34 57 54 111 88 62 9.6 26.8
85 5491.6 100.2 1019 203.1 1103 3.6 27 278" 24 301° 79 88 185 183
2 5477.3 98.3 100.3 2028 994 27 31 44 46 9 49 37 192" 938
8 5458.8 93.7° 95.2° 2043 99.0 25 35 46 44 9 58 66 15 9.2
49 5367.3 954 964 1946 988 25 35 68 95 162 93 57 144 77
P-1684 5346.3 94.9" 952" 2065 101.8 29 28 28 59 87 8 52 172 231
43 53104° 96.6 987 191.1 905 19 3 23 24 48 54 6.1 127 125
1 5086.3° 99.5 101.8 202.1 101 27 33 7 26 96 79 53 215 123
40 5057.7° 96.5 983 2149 1112 33 34 11 71 181 88 55 237" 97
46  5055.8" 100.6 102.7 199.3 115 3.6 31 148 46 194 76 4.7 148 132
56 4955.2° 971 978 1882 918 24 27 66 46 111 97 10 103 214
50 48535° 96.2 974 201 969 3 34 65 82 147 131 96 155 146
86 4852.7° 989 1003 1857 892 3 31 101 33 134 85 5 79 127
47  4828.4° 944" 946 200.1 1015 32 36° 98 51 149 106 4 156 16
51 4808.6" 958 965 197 996 32 37° 61 75 136 103 6.2 15 10.1
48 42175° 959 96 2015 1028 32 36° 53 79 132 11 34 127 16
44 3805 100.2 101.9 202.2 1082 3.2 35 8 6 14 105 3.8 21.9" 165
45 3176.7° 100.6 1025 1973 914 35 33 84 7.1 155 72 19 135 199
DMS 9763 31 36 438 288 119 08 125 92 144 85 68 85 123

REND= grain yield; DFM= male flowering; DFF= female flowering; ALP= plant height; ALM= height of cob; ASP=
aspect of the plant; ASM= appcobance of the cob; PAR= root encam; PAT= stem house; PACA= both camps; PMC=
plants with poor coverage; PHI= percentage of children; PMP= rotten cobs; PPC= plants “cuatas”; "= statistically
different from H-40 (Dunnett, p= 0.05).
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The female one (CML246 x CML242) excelled in grain yield, plant and cob heights, tillering and
plant and cob aspects and had lower averages in male and female blooms, root, stem and total
lodging, cob cover, cob rot and prolificacy (Table 5). Its superiority has been highlighted in other
hybrids of High Valley in Central Mexico (Gonzélez et al., 2008; Torres et al., 2011, 2017; Quiroz
etal., 2017).

Table 5. Comparison of means between females. Tukey (T, 0.05).

REN DFM DFF ALP ALM ASP ASM PAR PAT PACA PMC PHI PMP PPC
1 6322a 94.7b 96.3b 207.5a 100a 2.4b 2.8b 52b 43b 95b 6.6b 6.3a 11.7b 12.3b
2 5749b 96.1a 96.9a 199.6b 99.5a 3.1a 3.2a 9a 7.6° 16.6a 9.6a 52b 12.7a 14.9a
T 887 03 0.3 4 26 01 01 11 08 13 08 06 08 1.1

Values with the same letter within columns are statistically similar. REND= grain yield; DFM= male flowering; DFF=
female flowering; ALP= plant height; ALM, cob height; ASP= aspect of the plant; ASM= appcobance of the cob;
PAR= root encam; PAT= stem house; PACA= both camps; PMC= plants with poor coverage; PHI= percentage of
children; PMP= rotten cobs; PPC = plants “cuatas”.

The males with the highest grain yield were 7, 38, 41, 35, 34, 33, 9, 24, 36, 30, 23, 32, 19, 10, 11
(6 362 to 6 994 kg hal) only 7 and 41 were later. There were no significant differences in their
plant heights, but those of the cob; they also presented good aspect of plant and cob, similar
percentages of lodging, tillering and the most prolific were 38, 11, 10, 41, 9, 35, 33, 34 and 36
(Table 6). This upper fraction could be used in this region of Mexico to generate new hybrids of
three and four lines with double purpose: production of more grain and green or dry matter.

Table 6. Comparison of means between males.

Male REND DFM DFF ALP ALM ASP ASM PAR PAT PACA PMC PHI PMP PPC

7 69942 100 102 213.2 1068 26 28 122 65 187 6.7 33 99 142
38 6969.7 952 96.5 2101 993 21 26 58 29 87 47 54 112 251
41 6893.8 99.3 100.8 220.6 121.1 47 29 205 174 378 98 59 16 214
35 6761.3 948 958 2038 9%9 3 27 72 79 151 10 71 95 169
34 6725 939 948 1973 904 28 27 8 58 137 103 35 10.1 16.3
33 6670 941 948 2019 972 29 29 9 656 146 86 54 11 16.7
9 6506 954 96.2 2003 1089 31 29 49 64 113 105 44 7 195
24 6497 932 943 2033 1009 3 28 51 74 125 8 69 104 119
36 6431.1 939 946 1967 881 24 32 56 42 98 109 73 104 156
30 6426.6 932 944 1979 974 28 33 38 55 93 8 49 156 7.7
23 6396 935 948 2021 1012 27 29 28 66 93 66 55 129 1038
32 6383.2 938 95 2059 9.2 28 3 83 57 14 8 51 74 117
19 6370 95 9% 2084 975 27 3 73 46 119 134 39 69 87
10 6366.8 94 948 1916 981 28 3 44 52 96 8 6 8 22
11 6361.9 949 956 1925 949 33 3 69 83 151 71 68 85 223
31 6340.7 94 952 1922 875 23 33 33 29 62 67 65 93 96
22 6330 943 952 1994 1002 28 27 29 88 116 107 63 131 10
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Male REND DFM DFF ALP ALM ASP ASM PAR PAT PACA PMC PHI PMP PPC
27 6273.8 939 944 2181 98 34 31 98 123 221 101 54 152 81
25 6259.1 932 948 203 1041 27 29 31 84 115 7 75 118 119
29 6259 93.7 941 2177 1012 23 35 18 47 65 92 46 82 111
21 62525 935 946 200 100 3 3 6.1 7 131 68 7.2 136 13
37 6233.7 948 954 1923 875 26 33 86 45 131 81 64 106 14
26 6226.8 93.2 94.7 219.8 1033 24 3 34 25 59 73 58 126 9
28 6215.6 941 953 2278 1053 32 29 65 73 139 88 54 94 87
12 61924 963 98 1925 916 24 29 33 35 68 79 4 77 121
14 6182.1 96.9 97.8 1929 1022 21 26 6 43 103 6.7 58 99 141
17 6004.2 95.7 96.8 208.1 995 28 32 91 55 146 103 44 117 111
15 59272 955 969 1864 863 21 28 3 33 63 62 53 11 146
39 5828.1 97 97.8 207.7 106.2 3.7 33 125 116 241 58 7.8 182 177
13 58242 96.2 979 1927 931 21 26 43 33 76 68 85 86 16
20 5816.7 95.7 96.7 205.7 1005 28 32 52 6.8 12 63 5 113 86
18 5779.9 964 98.2 1999 1027 26 31 96 31 126 87 6.9 121 142
42 5673.4 99.1 101.2 207.7 1032 31 27 193 26 218 56 7.8 19.6 159
40 5566.6 96.7 98.1 2142 1247 3.7 32 152 91 244 83 55 187 145
6 5566.4 942 957 2022 100 25 34 65 7 135 81 71 155 9
3 5467.6 99.1 101.2 225.1 1096 3.1 3.1 123 438 17 6.2 55 179 11.8
16 53716 956 971 2024 957 25 33 41 55 97 92 8 132 119
4 52941 945 952 2043 1028 3 36 72 46 118 85 6.8 154 136
8 5133.7 948 959 2006 993 29 36 54 6 11.3 8 64 15 96
43 5081.6 978 995 1884 898 24 3 62 29 91 69 56 103 126
5 4925.1 949 958 2074 1052 29 35 59 6.2 121 102 64 152 15
1 44457 99.9 1019 202.2 1046 3 34 75 43 118 92 45 218 144
2 4327 995 1014 2001 9.4 31 32 64 58 122 6 28 164 149

DSH(0.05) 8265 264 305 371 244 1 071 11 78 1224 726 58 7.28 10

REND-= grain yield; DFM= male flowering; DFF= female flowering; ALP, plant height; ALM, cob height; ASP=
aspect of the plant; ASM= appcobance of the cob; PAR= root encam; PAT= stem house; PACA= both camps;
PMC= plants with poor coverage; PHI= percentage of children; PMP= rotten cobs; PPC= plants “cuatas”.

Conclusions

The best locations for the evaluation of the genetic material were Atlacomulco, Almoloya of Juérez
and Toluca.

The interaction between localities and the rest of the interactions was significant in most of the
evaluated variables, so the behavior of the genetic material through the evaluation environments is
different. It is suggested to give greater importance to specific adaptation.
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The female one (CML246 x CML242) contributed to the formation of mestizos of larger
dimensions in grain yield, plant and cob heights, tillering and plant and cob aspects; also, had lower
averages in male and female blooms, acames of root, stem and total, cob cover, cob rot and
prolificacy.

The upper fraction of males recommended for the formation of new double or triple cross hybrids
are those identified as 7, 38, 41, 35, 34, 33, 9, 24, 36, 30, 23, 32, 19, 10, 11, 31, 22, 27, 25, 29, 21,
37, 26, 28, 12 and 14.
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