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Abstract

This study was conducted in two stages, in 2006 the formation of cross, in the experimental field of
the Universidad Autonoma Agraria Antonio Narro Unidad Laguna (UAAANUL), and the evaluation
of the same in 2007; at two locations with three environments, a locality was the experimental
field of UAAANUL during spring and summer cycles and another location was the Niagara, Munici-
pality of Aguascalientes, during the spring cycle. The genetic material used consisted of three
groups of lines: the first group formed by four lines from the UAAANUL, the second group, two
lines from INIFAP, and the third group, 10 lines of the International Center for Maize Improvement
and Wheat (CIMMYT). The main objective was to estimate the effects of general combining ability
(GCA) of the lines, and the specific combining ability (SCA) of their crosses and heterosis, to esti-
mate its use in a breeding program. Estimates of general combining ability (GCA) and specific
combining ability (SCA) were obtained using an analysis of line x line. To forage yield (FY), B-40
(16.84 t-ha-1) and AN-447 (1.54 t-ha-1) and to grain yield (GY), AN-388R (2.31 t-ha-1) had the grea-
test effect of GCA in both types of yield. The greatest effects of SCA for (FY) were cross AN-
447XCML-264 (17.56 t-ha-1) and AN-388RXCML-319 (16.54 t-ha-1), in (GY) were cross AN-
447XCML-315 (1.94 t-ha-1) and B-40XCML-319 (1.78 t-ha-1). For heterosis, higher value in forage
yield was cross AN-447XCML-264 (20.7%), in grain yield, were B-40XCML-319 (27.1%) and B-
32XCML-319 (22.1%) crosses. These results show that it is possible to structure a hybrid program
using best lines from CIMMYT, INIFAP and UAAANUL.
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1. Introduction

Genetic improvement of maize, is a continuous process for forming hybrids and varieties. To enhance a crop, it
is important to know the genetic component of the materials used as parents. In any breeding program, the selec-
tion of parent germplasm is one of the most important decisions to be taken. In this regard, [1] [2] mention that
knowing combining ability of parents improves the efficiency of a breeding program. This allows parents to se-
lect good average behavior in a series of crosses, and identify specific combinations with higher than expected
behavior. Heterosis is a phenomenon in which the F1 resulting from the crossing of two genotypes, is superior in
growth, size, yield and vigor [1]. In this regard, [3] found maximum values of heterosis in tropical maize popu-
lations for high quality forage.

Among the methods for studying, the attributes of a set of parents are genetically engineering North Carolina
I, proposed by [4], which identifies superior combinations. The term combining ability means the ability of an
individual or a population has, combined with others, as measured by progeny [5]. However, in a population
combining ability must be determined by several individuals in order to select those that exhibit the highest
combining ability. The general combining ability (GCA), explains the proportion of genotypic variance due to
the additive effects of genes, while specific combining ability (SCA) said the proportion of genotypic variance
may be due to dominance deviations [6]. Crosses between warm tropical and subtropical germplasm obtained
from 18.5% and 38.3% heterosis [6]-[8] mention that the maize breeding the desirable level for utilization of
heterosis in crosses is at least 20%.

Inbred lines of different origin, allowing you to explore the great genetic diversity presented in maize, prop-
erly handling this material can increase the heterotic response between them [9]. Combining ability information
of the sources parental germplasm derived from them, is an important requirement in addition to considering the
heterotic response to implement the hybridization efficiency, given the importance of combining inbred parents
and not inbred or a combination of both [10]. However, during the selection process, it is important to consider
not only the linear effects of genotype x environment, but also the interaction genotype x environment, because
through it the efficiency of selection based on genotypic adaptation is detected across environments, which
avoids the need to develop specific improvement programs for each particular environment [11] [12].

[13] indicated that it is possible to obtain up to 80 t-ha * of fresh forage and 24 t-ha ' dry (30% dry matter)
with a forage grain containing 45% to 50%. Therefore the objective of this study was to estimate and quantify
the gene action involved in the crosses of maize lines from elite and the general and specific combining ability,
and heterosis of some agronomic traits to select experimental hybrids with high forage yield and grain.

2. Materials and Methods

The study was conducted in two parts: first the crosses were formed in the spring growing season of 2006, in the
experimental field of Antonio Narro Agrarian Autonomous University Laguna (UAAANUL) Unit, geographi-
cally located between latitude 24°30’ and 27° North Latitude, and 102° and 104°40" West Longitude, with 1150
msnm and a dry climate, warm, with average annual temperature of 20°C - 22°C, low rainfall, deficient rainfall
in all seasons and average annual rainfall of 300 mm, with rainfall in the months of September, October and
November, the trade winds blow southward at speeds of 27 - 44 km-hr * [14].

The evaluation of the crosses was conducted in 2007 at two locations and three environments, the first loca-
tion was the experimental field of UAAANUL, a cycle during the spring and other during the summer cycle, the
second location was the Ejido Niagara, Municipality of Aguascalientes, during the spring cycle.

The Ejido Niagara, is located in the western region of the Mexican Plateau, at coordinates 21°53’ North Lati-
tude, 102°18’ west longitude, with altitude of 1.870 meters above sea level, the climate is semi-arid, with mean
annual temperature 17°C, the highest temperatures occur in the months of April, May and June and the lowest in
the months of November, December, January and February. Rainfall is 526 mm per year, with abundant rains in
summer and low intensity the rest of the year. The trade winds blow towards South East—North West during the
summer and part of fall [14].
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The genetic material consisted of three groups of inbred lines: the first is used as male testers, consisted of
four lines whose origin comes from the Universidad Autonoma Agraria Antonio Narro Unit Laguna (UAAA-
NUL), which are characterized by their adaptation to climate the dry tropics, pest resistance and resistance to
high temperatures. The second group, formed two male, from lines of the National Institute of Agricultural and
Livestock Forestry Research (INIFAP), similar to the above features, and the third group, consisted of 11 lines
from the International Center for the Improvement of Maize and Wheat (CIMMYT), which are characterized by
their adaptation to tropical and humid subtropical climate, stress tolerance of biotic factors such as disease resis-
tance and drought resistance [15]:

M1; L-AN 447. Line8selfing, derived from advanced generationsofhybridAN-447, with good adaptability.

M2; L-AN 130. Was derived from the fourth generation ofthecrossesofH-507x Celaya 2.

M3; L-AN 123. Formed from a Creole population of the Highlands Region, Municipality. Concepcion, Jalis-
co, possessing earliness and drought tolerance.

M4; L-AN 388R. Dwarf line, with broad vertical leaves, generated from the third generation of the hybrid
AN-388.

M5; B-32. Linea de INIFAP derivada del hibrido H-353.

M6; B-40. Cuyo origen proviene de INIFAP-B40.

H1; CML-319 CIMMyT. RecyW89(Cr.Arg/CIM.ShPINPH)6-3-2-4-B-B.

H2; CML-264 Pob21 CIMMYT, POB21C5F219-3-1-B-__-8-1-3-BBB-f.

H3; CML-254 Pob21 CIMMYT, TUXSEQ-149-2-BBB-__-1-BB-F.

H4; CML-313 CIMMYT, Pob501c0F6-3-3-2-1-B-B.

H5; CML-273 Pob43 CIMMYT, (ACT643*43F7)-2-3-2-1-bb-F.

H6; CML-247 Pool24 CIMMYT, (G24F119*G24F54)-6-4-1-1-BB-f.

H7; CML-271 Pob29 CIMMYT, pob29stec1hc25-6-4-1-_-BBB-F.

H8; CML-278 Pob43 CIMMYT, DMANTES8043-53-1-1-b-__-1-BB-f.

H9; CML-315 CIMMYT, Pob500P500c0F246-4-1-2-2-B*3.

H10; CML-318 Recy W87[B810(66)S3/G24S2]-B-8-1-1-3-B*4.

H11; CML-321 Pop 502 P502c0F1-1-3-1-B*4.

Flowchart in crosses obtained from six male lines INIFAP and UAAANUL, with 11 females lines from
CIMM-YT.

Female

Male H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11

M1 M1XH1 M1XH2 M1XH3 M1XH4 M1XH5 M1XH6 M1XH7 M1XH8 M1XH9 MI1XH10 MI1XH11
M2 M2XH1 M2XH2 M2XH3 M2XH4 M2XH5 M2XH6 M2XH7 M2XH8 M2XH9 M2XH10 M2XH11
M3 M3XH1 M3XH2 M3XH3 M3XH4 M3XH5 M3XH6 M3XH7 M3XH8 M3XH9 M3XH10 M3XH11
M4 M4XH1 M4XH2 M4XH3 M4XH4 MAXHS5 M4AXHE M4AXH7 M4AXH8 M4XH9 M4AXHI0 M4XH11
M5 M5XH1 M5XH2 M5XH3 M5XH4 M5XH5 MS5XH6 M5XH7  M5XH8 M5XH9 M5XH10 M5XHI11
M6 M6XH1 M6XH2 M6XH3 M6XH4 M6XH5 M6XH6 M6XH7 M6XH8 M6XH9 M6XH10 M6XH11

Sowing was done in the first locality, March 18, in the experimental field of UAAANUL during the spring
cycle, and on June 21 during the summer cycle, the second location was, the Ejido Niagara of Aguascalientes
municipality, which was seeded on 24 May during the spring cycle. Sowing was done manually, using two rows
of 2 m length per parcel with row spacing of 0.75 m, the experimental design of randomized complete block
with two replications was used. Thirty days after emergence were thinned leaving six plants per linear meter and
16.6 cm between plants, for a population density of 80,000 plants per hectare.

Fertilization formula 200 N was applied, 90 P, 00 K, in two steps: 50% nitrogen and total phosphorus at the
time of sailing, and the rest in the weeding at 42 days after sowing. Four irrigations were applied by gravity, one
of sowing and three relief, ensuring that the plants do not suffer from stress during the crop.

Weed control was done manually, two weedings were given before spud and three after weeding earthing up
the crop. Pests that arose were budworm (Spodoptera frugiperda) and the black flea (Chaetocnema pulicaria),
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the first was controlled with applying insecticide (Deltamethrin), with doses of 1.0 L-ha * and in the case of the
flea black, Lorshan (organophosphate insecticide) was used at 1.0 L-ha .

For the forage yield, the cuts were made at 116 days after planting, when the grain was in milk stage, at both
locations with three main three plants per plot were taken, first proceeded to measure the plant height, then se-
parated the three major components of green forage yield and weighed separately: the stem to the shank, the
leaves of the plant with leaves and corn. Then he proceeded to take measurements of the diameter and length of
the corn cob, then proceeded to get the average per plant in each of the features. For grain yield, harvest was
made when the grain was 12% moisture three plants per plot were taken, the cobs were weighed, then proceeded
to measure characteristics such as length, diameter, number of rows and kernels per row, then proceeded to flail
cob to get the grain yield, the latter proceeded to take the averages for each of the characteristics evaluated. The
variables evaluated were: forage yield (FY), stem weight (WS), weight of the leaves of the plant (WLP), weight
of corn with leaves (WCL), plant height (PH), grain yield (GY), ear length (EL), ear diameter (ED), number of
grains per row (NGR) and number of rows per ear (NRE). Statistical analysis for the evaluated variables was
performed with the package [16], genetic analysis was performed with the design | mating NC, [4] with fixed
effects, the linear model is:

Yijk = n + Mi + Hj + @ij € ijk

Wherei=1,2,--- m(males); j=1, 2, --- h (females), k = 1, 2, --- r (rep) Yijk = observation of cross between
male-than djth female in the k-threpetition, u = average general; Mi and Hj = effect of the ithandjth male female;
®@ij = interaction effect of the ith male with j-th female; €ijk = experimental error. The estimate of the effects of
general combining ability (GCA) for males and females, and the specific combining ability (SCA) for the
crosses, was made acc~ording to the proposal (SpragueandTatum1941), where:gi= Y, — Y -gi= Y; — Y.

Si=Yi—-gi—-0gi— Y-, and g g;y S; are the effects of GCA and SCA, respectively, for thei-males, j-females
and theiri j cross; Y, and YJ- are the means of males and females, Yj; is the value of crosses ixj and Y. Is the

overall mean of alli jcross.

3. Results

Analysis of variance showed significant differences (p < 0.01) in the variation source locations in all traits eva-
luated. This indicates that all variables showed a different behavior in each of the locations, and the importance
of evaluation in a larger number of environments. The precipitation could be one of the factors that contributed
to obtain the measured results, because in the state of Aguascalientes is a region where rains occur more fre-
quently. In the sourse variation males (M), all variables were highly significant (p < 0.01), except EL, indicating
that these features behave differently in the various lines used as males. For the source of variation cross H(M),
only ear length, ear diameter and number of grains per row were significant (p < 0.01), plant height, number of
rows per ear, resulted with significant (p < 0.05) This may be due to the genetic diversity of the parents. In this
regard, [17] found that as the genetic diversity of the parents increases, the differences between their crosses are
increased in both agronomic and physiological characteristics. For the source of variation L * M, for forage
yield, stem weight, leaf weight of the plant, plant height and grain yield. Indicating the differing effects of these
variables, evaluated in male parents in different environments, the remaining variables showed the same beha-
vior in males in different localities. For the crosses for locations L * H(M), weight of corn with leaves, you
shows the differences in the weight of the corn, in crosses evaluated in different environments, while the number
of kernels per row, only had statistical significance at (p < 0.05). The presence of acceptable variation coeffi-
cients of 7.24, 10.78, 12.17, 16.6 and 14.64 in the ED, NGR, PD, WLP and NRE, this variables indicated greater
accuracy in their sampling not in WS, WCL, EL, FY variables and GY, with values of 18.2, 18.6, 19.51, 20.11
and 21.57%, because these are the most complicated when measuring, so it is considered that these values are
influenced by errors in sampling [18] (Table 1).

The average behavior of male parental lines. Shows that the M6 line was superior in FY, WS, WLP, WCL,
PH and NGR with 106.2, 49.9, 18.2, 38.2 ttha * and 2.4 m, plus NGR with 39.5. It was followed by the M1 with
90.9 thatin FY, 42.1, 15.2 tha* and 2.3 m in WS, WLP and PH respectively. The M4 male was higher in GY,
ED and NRE with 12.4 tha !, 4.9 cm and 15.9 (Table 2), whereas that M2 on EL was higher with 19.5 cm, al-
though all were statistically equal. The average for the FY variable was of 89.36 and GY was 10.09 t-ha*, All
variables contributed to performance to be major components for this character. The M6 and M1, male parents
had the highest GCA values for FY and are those involved in higher yielding crosses. As these lines resulted
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Table 1. Mean squares of analysis of variance with the design | North Carolina and two in three main locations, UAAAN-
UL Torreon, Coahuila, and Aguascalientes, Ags, 2007. (SV = Sources of variation, DF = Degrees of freedom, FY = fodder
yield, WS = weight of stem, WLP = weight of the leaves of the plant, WCL = weight of corn with leaves, PH = plant height,
GY = grain yield, EL = ear length, ED = ear diameter, NGR = number of grains per row, NRE = number of rows per ear. CV
= coefficient of variation. "= (p < 0.05), "= (p < 0.01)).

Y DF FY WS WLP wCL PH GY EL ED NGR NRE
L 2 40230™ 17715™ 189" 5237 17.6™ 7" 190 197 204 34"
R (L) 3 10049™ 1705™ 178" 911" 0.9” 270" 4 11" 240" 2
M 5 5625™ 2579 125" 682" 207 276" 26 0.8" 115" 37"
H (M) 60 654 196 19 122 0.1 15 74" 0.2" 47" 7*
L*M 10 1299™ 531" 40" 129 02" 70" 27 0.1 24 2
L*H(M) 120 561 163 12 133 0.0 5 13 0.0 23" 2
ERROR 195 544 162 14 93 0.0 14 30 0.1 16 4
MEDIA 89.36 39.2 15.44 337 2.15 10.09  18.78 4.70 3821 1457
CV (%) 20.11 18.4 14.6 18.6 12.17 2157 1951 7.24 10.78  14.64

Table 2. Average yield in t-ha™* of the six maize inbred lines used as male, four from UAAANUL and two from INIFAP,
according to the analysis of the main components of yield for grain and forage. Evaluated in 10 agronomic traits, two locali-
ties and three environments. Aguascalientes Ags. And Torreon Coahuila Mexico. 2007. (FY = forage yield, WS = stalk
weight, WLP = plant leaves weight, WCL = corncob weight with its leaves, PH = plant height, GY = grain yield, EL = ear
length, ED = diameter of cob, NGR = number of grain per row, NRE = number of rows per ear. Means with same letters are
not statistic different (DMS, 0.05)).

PARENTS FY WS WLP WCL PH GY EL ED NGR NRE
M1 90.9B 42.1B 152B 334B 23B 78C 18.6 A 4.6 BC 37.5BC 14.1BC
M2 82.8 BC 35.8CD 146 B 32.1BC 20C 77C 195A 478B 38.0 AB 13.7C
M3 79.8C 315D 147B 28.7C 20C 9.3B 182 A 46BC 39.2 AB 144B
M4 89.1B 38.2BC 151B 35.7 AB 19D 124 A 19.0 A 49A 38.9 AB 159A
M5 87.0BC 37.9BC 146 B 344B 21C 116 A 179A 47B 359C 147B
M6 106.2 A 49.8 A 18.2A 38.2A 24 A 114 A 193 A 45C 395A 14.4B

with higher values for efficiency and its main components indicating uniformity in the behavior of these geno-
types [19].

For the average of the top 15 crosses. The results of the mean values of the cross for all study variables,
show the top 15 crosses based on forage yield and grain, same ranging between 123.0 and 98.4 t-ha * for FY,
and exceeded 89.36 t-ha *, and 14.49 to 7.87 t-ha ' for GY, where only 10 crosses exceeded the average 10.09
kg-ha !, same as protrude in almost all variables. The crosses 6 x 1, presented the highest values in FY, GY and
WCL with 123.0, 14.49 and 50.44 t-ha !, followed the 6 x 3 cross that was superior to the others in WS and
WLP with 61.31 and 21.72 t-ha %, furthermore, resulted in second place with 122.6 FY and PH and 2.53 t-ha .
In the GY, the crosses 5 x 1 ranked second with 14.17 t-ha *. The high values of these crosses were due to the
high degree of inbreeding of some lines and the effects it has on production (Table 3). The genetic diversity of
the three groups of lines shows that combining contrasting characters, it crosses uniformity in all yield compo-
nents, where there is the possibility that the recombination and selection combine some contrasting lines, hete-
rotic patterns could be defined. The high-yielding hybrids, obtained performance not only of heterosis, but also
hereditary factors as multiple interacting genes of additive type, so you must know the relative importance of
genetic contribution in the production of hybrids [19].

General combining ability. The GCA effects (Table 4), show that the M6 resulted in values of 16.84 for FY,
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Table 3. Yield average of fresh forage and grain in t:ha™ from best 15 corn single cross for 10 agronomic characteristics
evaluated, with North Caroline design I, in three environments with two localities, 2007. (FY = forage yield, WS = stalk
weight, WLP = plant leaves weight, WCL = corncob weight with its leaves, PH = plant height, GY = grain yield, EL = ear
length, ED = diameter of cob, NGR = number of grain per row, NRE = number of rows per ear. Means with same letters are
not statistic different (DMS, 0.05)).

CROSS FY WS WLP WCL PH GY EL ED NGR NRE

6X1 123.0 A 52.97D 19.63 B 50.44 A 242 F 14.49 A 2098 C 463G 371 13.921
6X3 122.6B 61.31A 2172 A 39.66 G 2.53B 10.26 J 19.55 H 4.42) 37.67H 13.15K
6X2 1143C 53.80C 17.80G 42.75B 214K 10.86 H 20.27 F 4.8B 43.17B 16.52 B

6X8 113.8D 54.07 B 19.47C 40.30 F 239G 10.96 G 17.87N 6.78 C 42.33D 1412 G

1X2 1112 E 5294 E 17.63 1 41.07E 252C 7.89N 21.77B 4.7E 38.17G 16.43C
6X11 105.7 F 51.07F 17.33K 37.30K 249D 11.26 F 20.53 E 4521 43C 14H

6X4 105.7 F 50.70 H 18.28 E 36.69 M 2.59 A 10.57 1 19.82G 2.28K 36L 13.92 1
6X6 1055G 50.03J 18.58 D 36.84 L 239G 11.37E 18.95L 461 40 F 1427 F
1X5 104.2H 49.64 K 15.69 N 38.84 1 217 8.58 M 20.78 D 4.78C 36.5 K 14.27F
1X8 102.21 51.04G 1591 M 3521 N 243E 9.30L 18.27M 4.8B 40.33 E 13.07L
5X1 101.4J 42.11N 17.66 H 4158 D 2.18 1 14.17B 21.78 A 4.67F 37.171 151D
1X9 101.0K 50.25 1 18.09 F 35.68 0 242F 9.35K 19.25) 462H 43C 144E
2X2 99.6 L 4549 L 16.14 L 37.96J 2171 798N 19.17 K 475D 445 A 13.48J
5X9 99.6 L 4252 M 17.54) 39.53H 2.27TH 11.56 D 17520 48C 345M 1447 M
4X1 98.4 M 40.04 N 16.14 L 42.22C 199L 13.29C 19.52 1 4.85B 37.0J 16.87 A

Table 4. Estimated General Combining Ability Values (GCA) of Corn Lines used as Males in two Locations and Three En-
vironments. Aguascalientes Ags, and Torreon Coah. 2007. (FY = forage yield, WS = stalk weight, WLP = plant leaves
weight, WCL = corncob weight with its leaves, PH = plant high, GY= grain yield, EL = ear length, ED = diameter of ear,
NGR = number of grain per row, NRE = number of rows per ear. "= (p < 0.05), "= (p < 0.01)).

PARENTS FY WS WLP WCL PH GY EL ED NGR NRE
M1 1.54 2.9 -0.24 -0.3 0.15 -2.29 —-0.18 -0.1 -0.71 —-0.47
M2 —6.56 -34 —-0.84 -1.6 —0.15 -2.39 0.72 0 -0.21 —-0.87
M3 —9.56 -1.7 -0.74 -5 —-0.15 -0.79 —0.58 -0.1 0.99 -0.17
M4 —0.26 -1 -0.34 2 —-0.25 231 0.22 0.2 0.69 1.33
M5 —2.36 -1.3 —-0.84 0.7 —0.05 151 —0.88 0 -2.31 0.13
M6 16.84 10.6 2.76 4.5 0.25 131 0.52 -0.2 1.29 -0.17

DMSg,5) 27.06 14.77 4.34 11.19 0.12 4.34 6.35 0.36 27.06 14.77

and 1.31 t-ha* for RY, along with 10.6, 2.76, 4.5, 0.25 and 1.29 for WS, WLP, WCL, PH and NGR respectively.
The M4 was above all in GY, ED and NRE values of 2.31, 0.2 and 1.33 respectively. The maleM1ranked second
in the FY, WS and PH variables with values of 1.54, 2.9 and 0.15 m, while M5 ranked second in the GY and
NRE variables with 1.51 t-ha* and 0.13. The above values are considered GCA high for the three groups of li-
nesas [20]. According to the observed values, specific combinations where the M6, M1 and M4 male female in-
volved with H1, H2, H3 and H8 lines are observed, so these lines should be considered as potential female pro-
genitors to form hybrids with lines male progenitor UAAANUL and INIFAP. Some researchers have confirmed
the genetic potential of these lines with previous work, indicating their genetic merit in hybrid combinations.
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GCA values presented by these male and female parents had a greater contribution to the phenotypic expression,
consistent with the findings of [8]. With these sequential results and according to the characteristics studied,
there may be favorable for improving the performance [21] results. When crossing corn inbred lines to study
combinatorial types of skills, behaviors and values depend on the genetic makeup of each parent and the diver-
sity of their origin [22].

The effects of specific combining ability. These are presented in (Table 5), where it was observed that
among the 15 best crosses in FY, there were 4 x 8,4 x 4,4 x 4 and 5 x 5 with 17.56, 16.56, 14.06 and 14.06
t-ha ?, respectively, while for GY were 3 x 10, 6 x 10 and 6 x 1 with 1.94, 1.78 and 1.26 t-ha %, were the highest
positive values of SCA for yield andits main components. In general it was found that lines with low values of
GCA formed crosses within creased expression of SCA and performance, coinciding with [23]. Therefore, it is
feasible to identify the best combinations of lines and hybrids in high productivity(for GCA), test and selectonly
hybrids combinations where high values of SCA is expressed, even if the low GCA has been the most important
for the identification of lines [24].

The contribution to the variation among the crosses for most of the traits, is attributable to the non-additive
interaction effects Male xFemale (MxH) as SCA values were higher than those of GCA, coinciding with that
reported by [25], who found higher values for SCA than for GCA, however, [26] reported significant differences
for both sources of variation GCA and SCA. Must also be analyzed for forage quality corn, stems, leaves and
pods stem of each leaf, to maximize and complement the research advances in forage maize, where the increase
of performance, quality plant and grain is considered [27]. [28] finds that the GCA lines, is the source of most
important characteristics of corn forage yield variation, which reinforces the idea of selecting for yield and fo-
rage quality. In this work, some were superior hybrids in the future could be commercially exploited, such as
crosses, 4 x 8,4 x 3,4 x 4and 5 x 5, so it is necessary to plant them in demonstration plots for farmers to iden-
tify them and compare them to hybrids they plant.

Heterosis based on the average parent. For heterosis based on the average parent in FY ranged from 8.0 to

Table 5. Specific Combining Ability (SCA) from best 15 corn single cross for 10 agronomic characteristics evaluated, with
North Caroline design I, in three environments with two localities, 2007. (FY = fresh forage yield, WS = stalk weight, WLP
= plant leaves weight, WCL = corncob weight with its leaves, PH = plant height, GY = grain yield, EL = ear length, ED =
diameter of ear, NGR = number of grain per row, NRE = number of rows per ear. "= (p < 0.05), = (p <0.01)).

CROSS FY WS WLP WCL PH GY EL ED NGR NRE
6X1 6.96 -0.33 0.07 6.34 —0.02 1.78 —0.24 0.2 -1.29 -0.51
6X3 9.56 7.81 2.36 -0.94 0.18 0.15 1.43 0.07 -1.22 -1.18
6X2 5.36 14 —0.86 3.95 —-0.23 —-0.15 0.55 0.3 0.58 1.99
6X8 7.66 3.87 2.01 3.6 —-0.07 —1.25 0.05 2.15 —0.16 0.09
1X2 17.56 8.24 1.97 7.07 0.25 0.48 2.75 0.1 —2.42 2.2
6X11 —0.64 2.07 -0.33 -1.2 0.07 0.7 2.01 0.07 3.21 0.27
6X4 6.76 3.2 2.02 1.19 0.22 —0.34 0.9 -2.14 —0.99 —-0.01
6X6 3.06 1.83 0.12 0.24 0.02 0.06 1.03 0.03 0.91 0.14
1X5 11.16 6.04 0.03 4.44 —-0.09 0.77 1.86 0.09 -1.09 —-0.16
1X8 11.36 8.54 1.45 3.31 0.07 0.69 1.15 0.07 —0.16 —0.66
5X1 4.56 0.71 1.7 1.28 0.04 1.26 1.96 0.04 2.48 0.37
1X9 11.56 8.05 2.83 2.88 1.07 1.94 —2.77 0.01 461 0.37
2X2 14.06 7.09 1.08 5.26 0.2 0.67 —0.75 0.05 3.41 —0.35
5X9 14.06 4.52 2.88 5.73 112 0.35 -3.8 0.09 —2.29 —0.16
4X1 16.56 —-1.66 —-0.32 0.62 0.05 —-0.42 -1.4 0.02 —-0.69 0.94

DMSq.05) 22.56 12.16 33 10.98 0.09 2.13 3.43 0.09 4.56 1.34
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21.5%, all exceeding the average parent in the 15 crosses, all were positive heterosis, which excel 1 x 2, 6 x 3
and 6 x 1 cross, with values of 21.5%, 21.1% and 20.2% respectively (Table 6). To FY values ranged from —9.8
to 27.1%, 6 x 1 and 5 x 1 crosses the highest values obtained with 27.1% and 23.2%. These values are lower
than the heterosis of 132.8% and 38.9% reported some of these lines [6]. In the cross 6 x 1 (27.1%), 5 x 1
(23.2%) and 4 x 1 (11.6%) were the highest for GY, intervened H1, and this same cross to FY resulted the cross
best third (20.2%) and resulted in a very low value in the 5 x 1 with (8.9%), given the above, this cross, partici-
pated with the highest and lowest heterosis. These results suggest in RG that between M1 and H2 lines no hete-
rosis, which reflects genetic divergence of both genotypes, indicating common loci for grain yield. All crosses
where intervened H2, have low or negative heterosis levels, which may be due to the high yield potential of this
line. In this regard, [29] mention that the expression of heterosis is an indicator of genetic divergence, but the
absence of it does not

Heterosis based on superior parent. The heterosis with respect to superior parent is presented in (Table 7).
FY is noted that the maximum and minimum value of heterosis was 20.7% to —0.6% corresponding to the 1 x 2
and 6 x 6, respectively crosses. Of the 15 best crosses, three (20%) had negative effects on this variable, while
12 (80%) remaining, showed positive effects of heterosis. For the GY, the values ranged from —18.6 to 27.1%
for 1 x 2 and 6 x 1 respectively crosses, three crosses (20%) were positive and 12 (80%) remaining , had nega-
tive effects. In populations of maize, the desired level for the use of heterosis in crosses is at least 20% [6]. In
this work highlights the crosses 1 x 2 (20.7%), 6 x 1 (27.1%), and 5 x 1 (22.1%) in terms of forage yield and
grain, indicating that there is genetic diversity among parents, since heterosis exhibited in their crosses depends
on the yielder fitness and genetic diversity of the parents used. It can be seenthat M1, participated in crosses of
goodwill and negative heterosis due to the high yield potential of that parent. The 6 x 1 crosses on grain yield
(14.49 t-ha™), showed the highest value of heterosis (27.1%) and effect of SCA of 1.78 t-ha %, followed by 5 x 1
with (14.17 t-ha ™), showed the second highest value of heterosis (22.1%) and SCA, 1.26 t-ha*. For FY 1 x 2
crosses with yield of 111.2 t-ha*, showed the highest heterosis effect (20.7%) and effect of SCA 17.56 t-ha .
These crosses could have the potential to be used as commercial hybrids.

Table 6. Heterosis based on the average parent(h), for the main components of yield their direct crosses. Combine two local-
ities and three environments, Torreon Coahuila and Aguascalientes Ags. Mexico, 2007.

FY WS WLP WCL PH GY EL ED NGR NRE
CROSS
h h h h h h h h h h
6X1 20.2 14.5 12.1 29.6 5.4 27.1 4.9 14 -3.2 —4.0
6X3 21.1 32.2 24.8 6.7 12.4 15 5.9 -2.3 -2.2 -8.9
6X2 15.2 17.4 4.3 17.9 -5.3 2.9 5.2 43 6.8 135
6X8 16.4 20.9 18.3 14.4 3.6 -17 -2.3 45.3 4.9 -1.2
1X2 215 26.1 13.3 21.3 14.0 -9.8 15.1 1.0 -3.1 14.0
6X11 8.0 15.8 4.7 3.3 8.9 9.0 10.0 -1.2 10.2 -1.0
6X4 12.2 16.9 15.3 6.0 14.6 0.6 5.1 -50.0 —4.2 -2.3
6X6 10.0 14.4 9.6 4.8 5.7 6.2 3.2 -0.7 3.4 -0.5
1X5 14.2 19.9 0.9 14.0 -15 —4.1 10.2 1.8 -3.6 -15
1X8 13.4 24.9 6.4 7.3 7.7 -0.5 1.7 1.8 2.4 7.6
5X1 8.9 4.4 12.4 12.3 1.6 23.2 12.8 0.1 1.9 3.0
1X9 12.9 234 17.8 7.3 38.2 6.8 —5.6 -0.7 12.2 0.6
2X2 13.8 17.2 5.8 14.3 5.3 -8.2 -0.9 1.0 12.2 -5.0
5X9 13.8 10.1 16.5 17.1 37.5 8.5 -12.6 2.0 -8.0 -0.8
4X1 14.9 -1.0 11 12.1 —2.6 116 -1.6 1.7 —2.5 10.6
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Table 7. Heterosis based on betterparent (h’), for the main components of the yields their direct crosses. Combine two local-
ities and three environments, Torreon Coahuila and Aguascalientes Ags. Mexico, 2007.

FY WS WLP WCL PH GY EL ED NGR NRE
CROSS

h’ h’ h’ h’ h’ h’ h’ h’ h’ h’
6X1 15.8 6.3 7.8 27.3 10.5 27.1 1.3 0.0 —6.3 —4.6
6X3 15.4 23.1 19.3 3.8 54 -10.0 1.2 -2.8 —4.6 -9.3
6X2 7.6 8.0 -2.1 11.9 0.9 —4.7 5.0 2.1 4.5 12.3
6X8 7.1 8.5 6.9 54 8.1 -3.8 —74 40.3 2.7 -1.9
1X2 20.7 25.7 10.8 19.7 18.8 —-18.6 133 0.0 -75 117
6X11 -0.4 2.5 4.7 -2.3 14.7 -1.2 6.3 -2.7 8.8 —2.7
6X4 -0.4 1.8 0.4 -3.9 22.1 -7.2 2.6 -50.6 -8.8 -3.3
6X6 —0.6 0.4 2.0 -3.5 12 -0.2 -1.8 -35 1.2 -0.9
1X5 13.8 17.9 -1.3 11.9 2.8 -15.0 8.7 -0.2 —4.6 —4.2
1X8 12.4 21.2 4.6 54 9.9 —-14.6 -17 —0.6 -2.1 7.9
5X1 2.2 -13 51 5.0 -0.4 22.1 5.2 —0.6 0.4 2.7
1X9 111 19.3 16.7 6.8 5.2 -3.6 -13.2 -1.9 9.9 -0.6
2X2 8.1 8.8 15 10.6 2.3 -17.7 -1.6 1.0 7.7 -8.2
5X9 13.3 8.1 13.1 14.9 8.0 -0.3 -21.0 1.9 -11.7 -15
4X1 10.4 —6.2 -39 6.6 -9.1 7.1 -5.7 4.7 —4.8 6.1

4. Discussion

In the combined analysis of variance significant deference to the source of variation males were detected in all
variables except for ear length, indicating that there were environmental differences, climate and soil mainly in
different localities. However, for the crosses only features ear length, ear diameter, number of kernels per row,
plant height and number of rows per ear, were significant, indicating that they were the most sensitive to envi-
ronmental changes, this shows the importance of evaluation in a larger number of environments, because in this
way a better estimation of genetic effects will be estimated. The coefficients of variation (less than 21.57%)
were higher than those obtained by [30], and similar to those obtained by [11], because of the genetic diversity
in the three groups of lines. The mean squares of GCA effects across males were larger in magnitude than the
mean squares of the SCA through their crosses for forage yield and grain, suggesting that the largest proportion
of genetic variability it was observed, associated with additive effects, as indicated [31]. While the effects of
SCA were greater for the variable ear length, indicating a genetic control no additive variance for this character
[5].

According to the comparison of means for parents and their crosses for FY, only two parents showed higher
yields than the overall mean (89.36 t-ha '), while the top 15 cross the it exceeded, while for GY three parents
were higher than the overall average (10.09 t-ha™) and a 10 crosses the beat, this reflects the high yield potential
of 6 x1,6x3,5x1and4 x 1 cross, and the potential of lines M6, M1 and M4 for a program of genetic im-
provement of maize for grain and forage yield.

According to the results of GCA, were significant effect (p < 0.01) in almost all variables, which indicates
that they were of greater magnitude than the mean squares of SCA. This response suggests that the largest pro-
portion of genetic variability observed in the parental lines was associated with additive effects, which high-
lights and indicates the expression that yield control, the additive effects were the most important in these three
groups of lines studied, as indicated [17]. For the yield of green fodder, parent M6 (B-40) resulted in the highest
value, while for grain yield, the GCA highest value was for M4 parent (AN-388R). These results suggest that
these groups of lines have a high contribution in the expression of their respective progeny performance and the
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effects of the additive type are important. Regard, [32] noted that the detected major effects of general combin-
ing ability, it is feasible to exploit the proportion of additive genetic variance available through any variant of
recurrent selection.

On the effects of SCA, for forage yield, 6 x 11 crosses showed negative effects significantly different from
zero, what it means, that cross was less than what would be expected based on the GCA of parental behavior. By
contrast the 1 x 2,4 x 1,2 x 2 and 5 x 9 cross presented positive effects SCA and significantly different from
zero (p < 0.01) in grain yield, crosses 1 x 9, 6 x 1 and 5 x 1 different positive effects presented zero. All this
suggests that non-additive gene action is involved in the crosses mentioned and that performance can be in-
creased by hybridization. Is interesting to note, that M4, M2 and M5 parents showed negative GCA effects, re-
sulted in three (4 x 1, 2 x 2 and 5 x 9) from crosses with positive effects of SCA and significantly different from
zero (p <0.01 and p < 0.05). In this regard, it was expected that most SCA crosses, have been those resulting
from crossing at least one population with high GCA [33]. But not necessarily the lines with high GCA pro-
duced promising crosses for grain yield. Similar results were obtained by [34], across germplasm negative GCA
effects and get high and positive values of SCA in crosses.

From the point of view of gene identification purposes used inbreeding programs, GCA effects should be
considered so as SCA, depending on specific objectives [35]. So the M1, M4 and M6 parents based on GCA ef-
fects could be included in a breeding program for synthetic varieties. Also crosses identified with the greatest
effects of SCA could be considered in a breeding program for hybrid formation. With regard to the negative ef-
fects of heterosis estimates in this paper, also [36] reported similar values for tropical maize populations. As for
the positive values of heterosis, those found in the present study were higher than those found by [6] with some
of these same parents, which shows the yielder fitness and genetic diversity of these parents used [37]. Regard
[22] showed that across maize inbred lines to study the types of combinatorial skills, behaviors and values de-
pend on the genetic makeup of each parent and the diversity of origin. According to [38] [39], the larger hybrid
vigor due to the presence in the zygote of a larger number of key genes in the parents, for joining the dominant
genes provided by them, to be expressed in this manner, the effects of heterosis in the progeny.

5. Conclusion

The yield off or age decreased between 7 and 8.5 times in weight of forage to grain weight in the best crosses.
Additive effects were the main component in the expression off or age and grain yield of the studied lines. The
highest GCA effects were detected in the M6 and M4 male parents, while 1 x 2,4 x 1, 1 x 9 and 6 x 1, crosses
showed the greatest effects of SCA. The lines with the highest GCA effects can be included in a breeding pro-
gram for synthetic varieties. And the crosses with the greatest effects of SCA may be considered in a breeding
program for hybrid formation in a short time. These results indicate that in a short time, we can obtain new
commercial hybrids, which can be planted in north central Mexico.
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