AGRO PRODUCTIVIDAD

Colegio de
Postgraduados

Citation: Gutiérrez-Herndndez, G. F.,
Arellano-Vizquez, J. L., Ceja-Torres,
L. F.,, Garcfa-Ramirez, E. & Quiroz-
Figueroa, F. R. (2023). Heterosis in

the germination process and seed
characteristics of the maize hybrid
(Zea mays L.) HAZUL 10E. Agro
Productividad. https://doi.org/10.32854/
agrop.v16i11.2730

Academic Editors: Jorge Cadena
Iniguez and Lucero del Mar Ruiz

Posadas

Received: May 21, 2023.
Accepted: October 25, 2023.
Published on-line: December 27,
2023.

Agro Productividad, 716(11). November.
2023. pp: 119-125.

This work is licensed under a

Creative Commons Attribution-Non-

Commercial 4.0 International license.

Heterosis in the germination process and seed

characteristics of the maize hybrid (Zea mays L.)
HAZUL 10E

Gutiérrez-Hernandez, German F.”@; Arellano-Vazquez, José L.2®; Ceja-Torres, Luis F.3®;
Garcia-Ramirez, Elpidio*”; Quiroz-Figueroa, Francisco R.>®

Instituto Politécnico Nacional. Unidad Profesional Interdisciplinaria de Biotecnologia. Av. Acueducto s/n.
La Laguna Ticoman. C. P. 07340. Ciudad de México, México.

Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias. Campo Experimental Valle de
México. C. P. 56250. Coatlinchdn, Estado de México, México.

Instituto Politécnico Nacional. Centro Interdisciplinario de Investigacién para el Desarrollo Integral
Regional Unidad Michoacan. Justo Sierra 28. C. P. 59510. Jiquilpan, Michoacdn, México.

* Universidad Nacional Auténoma de México. Facultad de Quimica. Av. Universidad y Copilco. C. P. 04510.
Ciudad de México, México.

Instituto Politécnico Nacional. Centro Interdisciplinario de Investigacién Para el Desarrollo Integral
Regional, Unidad Sinaloa. Blvd. Juan de Dios Bétiz P. 250. Col. San Joachin. C. P. 81101 Guasave, Sinaloa.
Meéxico.

* Correspondence: gfgutierrez@ipn.mx

ABSTRACT

Objective: To quantify the heterosis in physical and physiological characteristics in seeds of simple and trilinear
crosses of the HAZUL 10E corn hybrid.

Methodology: Seeds of the genotypes conforming to the HAZUL 10E corn hybrid (endogamic lines and
simple and trilinear crosses) were used. The experimental design was completely randomized with three
repetitions. Physical (weight, width, thickness, length, volume, density, and the width/length and thickness/
length ratios) and physiological (normal and abnormal seedlings, death seeds, and lengths and dry matter
of plumule, radicle, and total) characteristics of the seeds were evaluated. Heterosis and heterobeltiosis were
determined, and the differences between both crosses were statistically tested with Student’s t-test.

Results: Heterosis and heterobeltiosis were higher in the single cross than in the trilinear one. In the single
cross, the highest values of both heterosis corresponded to the plumule, radicle, and total dry matter; followed
by weight and volume seed. In the trilinear, the highest values corresponded to normal seedlings, radicle
length, and biomass total. The variables corresponding to shape seed, normal seedlings formation, and radicle
elongation, responded better to hybridization in the trilinear cross.

Study limitations: None presented.

Conclusions: In the single cross, heterosis increased the seed size and accumulated biomass in seedlings; while
in the trilinear cross, it affected the shape of the seeds and the produced seedlings.

Keywords: Hybrid vigor; pigmented corn; seed germination; seed quality.

INTRODUCTION
Corn (Zea mays L.) is the most important crop in the world by planted area and
production volume [1]. In 2021, 7.4 million hectares were planted in Mexico and 27.5

million tons of grain were harvested [2]. Blue corn is relevant for its wide use in traditional
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Mexican cuisine (tortillas, tlacoyos, sopes, etc.) [3], due to its exotic color and its attributes
of flavor, texture, and nutraceutical benefits [4].

In Mexico’s central states (Estado de Mexico, Puebla, Tlaxcala, and Mexico City) 150
thousand hectares of blue corn are planted with native varieties, traditional technology,
and rainfed conditions, and 300 thousand tons of grain are harvested, which do not satisty
the demand for this food.

The current grain yield of blue cornis 1.9 tha™" [2]. Itis feasible to significantly increase
it through the utilization of hybrids [5] developed on the genetic variability available in the
region of interest [6].

At the Instituto Nacional de Investigaciones Forestales Agricolas y Pecuarias (National
Institute of Agricultural and Livestock Forestry Research, INIFAP), blue corn experimental
hybrids were developed for high valleys (2400-2800 meters above sea level), with yields of
6.4 t0 8.2 tha™', from which HAZULI10 stood out for producing 8.2 tha™', on average, in
high, medium and low productivity environments [7].

Hybridization was described at the beginning of the 20th century [8]. Since then, it has
successfully improved corn and is currently still applied for obtaining hybrids that help to
satisty the global demand for this grain [9]. With hybridization, the F1 expresses larger
morphological dimensions and better grain yield than unrelated endogamic parents [10],
to a magnitude dependent on its genetic background and its production environment. The
above responses are caused by heterosis, a complex, and poorly understood phenomenon,
but widely used in the corn and other basic crops improvement.

The objective of the present research was to quantify heterosis and heterobeltiosis in

the physical and germinative characteristics of seeds of simple and trilinear crosses of the

HAZUL 10E corn hybrid.

MATERIALS AND METHODS
Genetic material

Seeds from the parental genotypes of the experimental blue corn hybrid HAZUL 10E
were used: L11 (BXCC-54-11-1-1-1), L12 (BXCC-5-9-6), L10 (NXOAX-19-5-1-1-2),
Simple Cross A (BXCC-54-11-1-1-1) X (BXC(C-5-9-6) and the Trilinear Cross B [(BXCC-
54-11-1-1-1) X (BXC(C-5-9-6)] X (NXO-AX-19-5-1-1-2). In this document, the data of the
simple cross (treatment A) and the trilinear cross (treatment B) were presented. The hybrid
was developed in the Maize Program of the Valle de México Experimental Field from
the Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias (CEVAMEX,
INIFAP).

Physical characteristics

Seed weight (SW). 100 seeds (mg) were weighed on an analytical balance (AE Adam
P W 184, precision 0.1 mg). The width (SWID), thickness (ST), and length (SL) of the
seeds were measured (mm) with a digital vernier (Mitutoyo CD-6 CGSX). The volume (SV,
mm?’), relative density (SRD, g/em®), and the SWID/SL and ST/SL ratios of the seeds were
calculated according to the corn varietal descriptors [11-13].
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Germinative characteristics

Normal germination

The standard germination test was used [14]. The seeds were placed in paper towels
saturated with humidity in a germination chamber at 25 °C and 100% r. h. After seven
days of incubation, the seedlings with complete morphology and free of pathogens (NS),
abnormal seedlings (AS), and dead seeds, i.e., lacking metabolic signs, (DS) were counted

(%). NS was considered equivalent to seed germination.

Seedlings development

In normal seedlings, the length of plumule (PL), radicle (RL), and total length (TL) were
measured (mm); these structures were then, dried in an oven (80 °C, 4 d) and their dry
weight (PDW, RDW, and TDW, respectively) was determined (mg).

Heterosis estimation

Heterosis (%) was calculated in relation to the parent’s average of the cross
H=[(F1-4P)| AP]*100
and also to the best parent (heterobeltiosis)
HB=[(F1-MP)| BP]*100;

where F1=Value of the cross, AP=Average parents of the cross, and BP=Best parent of
the cross [15].

Statistical analysis

Student’s paired data test was used to test the significance (P<0.05 and P=<0.01) of
the differences in H and HB within each cross, as well as that of the differences in H or
HB between the mentioned crosses. The value of this difference was multiplied by (—1) to
indicate the variation in the variables [16].

The statistical processing of the results was done with the SAS statistical software (ver.

9.2) [17].

RESULTS AND DISCUSSION

In response to the hybridization of the crossings involved in the formation of the
trilinear corn hybrid HAZUL 10E, heterosis (H) exceeded heterobeltiosis (HB) in all
measurements, confirmed by the negative values of the difference between both (Table
1). The above is explained because the H was calculated in relation to the average
number of parents of the cross and the HB regarding the best parent, i.e., it was more
rigorous [15].

Both types of heterosis were higher in cross A than in B, because the genetic
recombination occurred between two inbred lines in the first case, and between a simple

cross and an endogamic line, in the second. This situation coincides with the argument
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Table 1. Values (%) of heterosis (H) and heterobeltiosis (HB) of the simple (A) and trilinear (B) crosses of the
experimental blue corn hybrid H10 E (UPIBI, IPN. Mexico City, Mexico, 2020).

Genotypes
Variable A B

H HB H-HB t H HB H-HB t
SW 63.93 45.07 | —18.86 o 13.61 -3.21 | —16.82 e
SV 35.01 22.85 | —12.16 o 22.44 14.75 —-7.69 *
SL 17.31 11.3 —6.02 * 4.79 2.20 —2.59 o
SWID 15.37 13.34 —2.03 ns 7.83 5.86 —1.97 ns
ST —0.36 —6.07 —=5.71 o 9.71 5.35 —4.36 *
SRD 12.95 0.42 —12.53 ok 0.05 —10.72 —10.77 o
SWID/SL —2.06 —8.63 —6.57 R 3.80 3.80 0 ns
ST/SL —15.07 | —18.19 -3.12 o 5.63 5.93 0.3 ns
NS 8.93 —4.58 | —1351 ns 62.61 35.62 | —26.99 ns
AS 25 —25 =50 ns —50.00 | —50.00 0 ns
SD 0 —29.58 | —29.58 ns =55.71 | —62.50 —6.79 *
PL 18.38 9.02 —9.36 ns —-4.21 | —=13.79 —9.58 *
RL 8.08 3.28 —4.80 ns 45.52 34.62 —10.9 *
TL 11.38 5.78 —5.60 ns 25.55 19.46 —6.09 ns
PDW 92.16 61.04 | —31.12 * —0.03 | —1545 | —15.42 *
RDW 84.79 52 —32.79 * 78.86 38.52 | —40.34 *
TDW 87.96 58.18 | —29.78 ns 41.68 14.04 | —27.64 *

*=Significant (P<0.05), **=Highly significant (P<0.01), ns=Not significant. SW==Seed weight, VS=Seed
volume, LS=Seed length, WS=Seed width, T'S=Seed thickness, RDS=Relative seed diameter, PN=Normal
seedlings, PA=Abnormal seedlings, SI=Seeds inert, LP=Plumule length, LR=Radicle length, TL="Total
length, PDW=Plumule dry weight, RDW=Radicle dry weight, TDW="Total dry weight, WS/LS==Seed
width/Seed length, T'S/LS==Seed thick—ness/Seed length.

that the heterotic response depends on the genetic background of the genotypes involved
in the crossing [18].

In genotype A, the highest magnitudes of H and HB were noted in the characters
corresponding to the dry matter production of the seedlings (PDW, RDW, and TDW),
followed by weight (WS) and volume seed (SV); while, for B, the highest values corresponded
to germination (NS), biomass (RDW and TDW) and radicle elongation (LR). In these
variables, the effects of the metabolic process called heterosis or hybrid vigor were expressed,
through which the offspring, in this case, the crosses, assume larger dimensions compared
to the parents in certain variables [19, 20], in which the phenotypic ones predominate;
However, in the present study heterosis also occurred in physiological ones, as was the case
of NS, RDW, TDW, and RL.

Thus, the response to heterosis varied depending on the cross and the measured
trait, although total and radicle biomass showed a high response in both crosses. The
H and HB values of the NS in genotype B also stood out, this evidenced the favorable
genetic recombination of the L10 line, which served as a pollinator for the L11XL12
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simple cross, for seed germination, which combined with the heterosis manifested in
RL, RDW, and TDW, conferred favorable characteristics for the establishment of the
assessed hybrid in the crop field. This result can be attributed to L10 coming from
the Central Valleys of Oaxaca state, Mexico, a different environment from that in the
Valley of Mexico, in which L11 and L12 were collected; so the lines belong to dissymbol
heterotic groups, whose genetic recombination had a positive effect on the physiological
quality of HAZUL 10E [18].

In A, the differences between H and HB (Table 1) were significant in 53% of the variables,
while in B in 64%; Both crosses concur in that these significances were shown by seed size
and dry matter production (SW, SV, SL, ST, SRD, PDW and RDW); this data showed the
wide heterogeneity of the LL11 and LL12 parental lines regard the aforementioned variables,
which was balanced considering the average of parents (H) but not by including only the
best of them (HB), therefore, the differences were significant.

In the same sense, comparing H or HB between the crosses (Table 2) confirmed that

both occurred with a greater magnitude in A than in B. In A, there were significant

Table 2. Differences between heterosis and heterobeltiosis of the simple (A) and trilinear (B) crosses of the
experimental blue corn hybrid H10 E (UPIBI, IPN. Mexico City, Mexico, 2020).

Genotypes
Variable A B (H—H) t A B (HB—HB) t
H H HB HB
SW 63.93 13.61 —50.32 o 45.06 -3.21 —48.27 o
MY 35.01 2244 | —=12.57 ns 22.85 14.75 —-8.10 ns
SL 17.31 479 | —=12.52 o 11.30 2.20 -9.10 R
SWID 15.37 7.83 —7.54 ns 13.34 5.86 —7.48 ns
ST —0.36 9.71 10.07 ns —6.07 5.36 11.43 ns
SRD 12.95 0.05 | =129 ns 042 | -10.72 | —11.14 ns
SWID/SL —2.06 3.80 5.86 ns —8.63 3.80 12.44 *
ST/SL —15.07 5.63 20.7 * —18.19 5.93 24.12 *
NS 8.93 62.62 53.69 * —4.58 35.62 40.21 ns
AS 25.00 —50.00 =75 ns —25.00 —50.00 —25.00 ns
SD 0.00 —535.71 —=535.71 * —29.58 —62.50 —32.92 ok
PL 18.38 —4.21 —22.59 ns 9.02 | —-13.79 | —22.81 ns
RL 8.08 45.51 37.43 ok 3.27 34.62 31.35 *
TL 11.37 25.56 14.19 * 5.78 19.46 13.68 ns
PDW 92.16 —0.03 | —92.19 ns 61.04 | —1545 | —76.48 ns
RDW 84.79 78.85 —-5.94 ns 52.00 38.52 —13.48 ns
TDW 87.96 41.68 | —46.28 ns 58.18 14.04 | —44.14 ns

*=Significant (P<0.05), *=Highly significant (P<0.01), ns=Not significant. SW=Seed weight, VS=Seed
volume, LS=Seed length, WS=Seed width, T'S=Seed thickness, RDS =Relative seed diameter, PN=Normal
seedlings, PA=Abnormal seedlings, SI=Seeds inert, LP=Plumule length, LR=Radicle length, LT=Total
length, PDW=Plumule dry weight, RDW=Radicle dry weight, TDW="Total dry weight, WS/LS=Seed
width/Seed length, T'S/LS==Seed thick—ness/Seed length.
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differences in the variables SW, SL, ST/SL, NS, SD, RL, and TL; while, in HB the
significances were for SW, SL, SWID/SL, ST/SL, DS, and LR, i e., both ways of
quantifying heterosis coincided in the variables (except NS, SWID/SL, and TL) that
revealed the disparity of the heterotic response caused by the already described dissimilar
genetic constitution of A and B.

The analysis of the significances (Table 2) also showed that the ST/SL, NS, RL, and TL
variables, in A and SWID/SL, ST/SL, and RL, in B; reached positive and significant values,
in contrast to the rest of the variables. So these variables better responded to hybridization
in the trilinear cross (B), both in H and HB, which had a positive impact on the shape
(SWID/SL and ST/SL) and seed germination (NS), as well as in the length growth of the
radicle of the produced seedlings.

CONCLUSIONS

In the simple cross, heterosis increased seed dimensions and accumulated biomass in
seedlings; while in the trilinear cross, it affected the shape of the seed and the normal
seedlings produced.
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