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Abstract

In this study, five inbred maize lines and ten F1 cross combinations were evaluated in a completely randomized block,
in three recursions, placed in unirrigable conditions at the Agricultural Research Development Station (ARDS) Simnic, in
2009. After the heterosis of the F1 cross combinations was evaluated, high genetic differences between parents were
noticed. The obtained results suggested that among the six studied parameters, only two — the grain yield and the plant
height — are relevant for an objective evaluation of heterosis phenomenon. It is recommended that the 4 x 5 and 1 x 5 cross
combinations which recorded (for most of the analyzed parameters) the highest degrees of occurrence, both for heterosis
over mid parent and for heterobeltiosis, should be used in the maize breeding program to exploit the hybrid vigor.
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Introduction

The heterosis, or hybrid vigour was defined by
Shull (1952) as ,the interpretation of increased vigor,
size, fruit fulness, speed of development, resistance to
disease and to insect pests, or to climatic rigors of any
kind manifested by crossbred organisms as compared to
corresponding inbreds, as the specific results of
unlikeness in the constitution of the uniting parental
gametes” (Reif et al., 2005).

The use of heterosis has determined a true revolution in
maize cropping technology, countries which are great maize
providers, among them, Romania, use only hybrids (simple,
double or trilinear). In 2013, in Romania, the surface cropped
by maize hybrids was of 2721,2 thousands hectares (Anon.,
2013). The maize plant has a high potential for producing
and exploiting the heterosis phenomenon. This could be the
reason why the maize plant has the highest number of
hybrids of any other plant species.

The Zea mays L. species is widely used as a model
for selecting the main parameters of diagnosis of the
heterosis effect (Has, 2004). One of the main objectives
of maize breeding is the study of genetic and molecular
bases of heterosis, aiming at the most efficient
identification of heterotic effect.

The manifestation of heterosis depends on the genetic
divergence of two parental varieties, also genetic
divergence of the parents is inferred from the heterotic
patterns manifested in a series of cross combination
(Hallauer & Miranda, 1988). The exploitation of hybrid
vigor can be instrumental in increasing seed yield (Nasim
et al., 2014). Selection of parents is the most important
stage in any breeding programe to develop new genotypes
having desirable characters. One of the methods to
achieve this purpose is heterosis (Ilker ez al., 2010; Khan
et al., 2010; Siddiqi ef al., 2012).

Two main types of heterosis evaluation have been
reported in literature, namely, the average heterosis (or mid
parent heterosis, which is the increased vigor of the F1 over
the mean of two parents) and heterobeltiosis (or better
parent heterosis, which is the increased vigor of the F1 over
the better parent) (Matziner ef al., 1962; Jinks, 1983).

The heterosis phenomenon with maize has been
widely investigated. Hallauer & Miranda (1988), after
studying the heterosis with grain yield maize up to 1979,
have reported that the heterosis over mid parent varied
from 3-6% to 72.0% while the heterobeltiosis varied from
-9.9% to 43.0%.

Tollenaar et al. (2004) have reported an average
heterosis of 167% for the grain yield, of 109% for the
kernels per ear and of 12% for the thousand grain weight.
Heterotic effects of varying degrees of maize grain yield
and other parameters (maturity, plant height, ear height,
kernels ear, 1000-kernels weight have also been reported
by Bonea & Urechean (2003), Muhammad et al. (2003),
Malik et al. (2004), Meseka et al. (2006), Alam et al.
(2008), Aghaei et al. (2012).

The aim of this paper is to study the degree of
heterosis occurrence with F1 cross combinations obtained
from diallel crosses of some Romanian inbred lines and
also to identify the best parameters for a proper evaluation
of the heterosis effect.

Material and Method

This study was carried out at Agricultural Research
Development Station (ARDS) Simnic, Dolj District,
located at 44 “19' N, 23 “48' E, and 182 m altitude. The
climatic regime of this area is continentally temperate,
with a plain specific, with submediterranean influences.
The average values of temperatures are between 10.5 and
11.5°C and the rainfall reaches 520-550 I/m*. The ARDS
Simnic is located in the central part of Oltenia and it is a
center of selecting breeding material for maize, sunflower
and wheat. The soil of the station is luvosol and it has
pH=6.0.

The biological material was represented by five
Romanian inbred lines (from the national germplasm
collection that belongs to National Agricultural Research
and Development Institute - Fundulea) listed in Table 1
and ten F1 cross combinations resulted from diallel
crosses of n(n-1)/2 type of these inbred lines (excluding
the reciprocals).
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Table 1. Names and codes of inbred lines.

Code Inbred lines
1 Lc 257
2 Lc 402
3 Lc 403
4 Lc 404
5 Lc 406

This biological material was planted in field
conditions in a complete randomized block in three
recursions, in 2009. Climatically, the 2008-2009 crop year
was favorable for maize crop.

Six biometrical and gravimetrical parameters were
analyzed, as follows: the grain yield per hectare,the plant
height (cm); the ear height (cm); the ear length, the
kernels per ear and the thousand kernels weight. The
results were processed by analyzing variance (Botu &
Botu, 2010).

The degree of heterosis phenomenon occurrence with
F1 cross combinations was studied with reference to two
aspects of this phenomenon, that is heterosis over mid
parent (MPH) and heterobeltiosis (BPH) using the
following formula (Matziner et al., 1962; Jinks, 1983):

Heterosis over mid parent (MPH%) = [(F1-MP)/MP]
%100 , where MP is mid parent;

Heterosis over better parent (heterobeltiosis: BPH%) =
[(F1-BP)/BP] x100, where BP is better parent.

The analysis of data recorded for MPH and BPH was
made by adapting the classification made by Musteata et
al. (2001) and Mihalachi (2013):

a) hybrid combinations with low level of heterosis
occurrence (0 < H< 25%);

b) hybrid combinations with high level of heterosis
occurrence (H > 25%).

Results and Discussion

The analysis of variance (Table 2) revealed that mean
squares due to Flcross combinations and parents lines were
highly significant for all the parameters, indicating that
considerable genetic diversity for all parameters existed
among the material under study. A high genetic variability
provides an opportunity for breeders to select promising
genotypes for specific parameters (Igbal ez al., 2013).

Data for F1 cross combinations and for their parental
lines are presented in Table 3. The grain yield was ranged
between 6.01 t/ha (1 x 4) and 11.15 t/ha (1 x 3). The plant
height ranged from 200 cm to 240 cm. The highest value
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was recorded with 1 x 5 cross combination. The ear
height varied from 54 to 92 cm and, again, the 1 x 5
combination recorded the highest value. For the ear length
there were recorded values between 18.3 and 25.3 cm,
best values for 4 x 5 combination. The kernels per ear
varied from 649 to 893, the best value for 2 x 4 cross
combination. The 1000- kernels weight varied from 261
to 334 g, the best value for 3 x 4 cross combination.

The range of heterosis and heterobeltiosis is
presented in Table 4.

Grain yield: For grain yield ten cross combinations
recorded a high level of occurrence of positive heterosis
and heterobeltiosis (Table 5). The heterotic and
heterobeltiotic values ranged from +71.2% (1 x 4) to
213.9% (1 x 5) and from +50.2% (1 x 4) to 203.6% (1 x
5) respectively. These results are in accordance with
Bonea (2001) and Aghaei ef al. (2012), as they obtained
similar heterosis values for this parameter.

Plant height: only four cross combinations recorded a
high level of heterosis expression over mid parent and
only one over the heterobeltiosis (Table 5). Heterosis over
mid parent ranging from +10.3% (1 x 3) to +29.4% (2 x
5). The magnitude of heterobeltiosis varied from +1.0%
(2 x 3) to +26.9% (1 x 5). These observations were
generally analogous to the findings of Muhammad et al.
(2003), Malik et al. (2004), Devi et al. (2007), Alam et al.
(2008), Amanulah ef al. (2011) and Farhan et al. (2012)
as they observed a different ratio of heterotic values for
plant height.

Ear height: six cross combinations recorded a high level
of occurrence for positive heterosis over mid parent and
five cross combination for heterobeltiosis (over better
parent). In this case, the magnitude of heterosis over mid
parents ranged from +8.6% (3 x 5) to +84.0% (2 x 5) and
heterobeltiosis ranged from +9.5% (3 x 4) to +80.0% (2 x
5). These results are greatly supported by Muhammad et
al. (2003), Devi et al. (2007), Alam et al. (2008),
Amanullah et al. (2011), Farhan et al. (2012) who also
observed varying levels of heterosis for this parameter.

Ear length: with this case, eight cross combinations
recorded a high level of occurrence for positive heterosis
over mid parent and seven cross combinations for
heterobeltiosis (Table 5). The minimum hybrid vigour
over mid parent was +6.3% (3 x 5) and maximum +57.1%
(4 x 5) while the hybrid vigour over better parent ranged
from +2.7% (2 x 3) to +55.2% (4 x 5). Similar results
have alredy been reported by Bonea (2001) at ARDS
Simnic area and Aghaei ef al. (2012) under terminal water
stress at Moghan region.

Table 2. Analyses of variance of 10 crosses among 5 inbred lines maize for grain yield and other parameters.

Source of df Mean squares
variation GY ] PH | EH | EL | KRE [ TKW
Total 44 362.71 26858.80 10737.30 717.10 1504561.80  52424.00
Replication 2 0.19 389.00 14.70 0.36 7938.13 580.80
Genotype (G) 14 344.02 21365.13 10172.60 437.40 1490702.80  46448.80
Error 28 18.51 5104.67 550.00 279.30 5920.87 5394.40
F test 37.20%* 8.37%* 36.90%* 3.13%+ 503.40%* 192.60%*

** Significant at p<0.01

GY-grain yield; PH — plant height ; EH — ear height; EL-ear length; KRE- number of kernels per ear; TKW — 1000 kernels weight
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Table 3. Mean values of studied parameters at F1 cross combination and parent lines.

Crosses and Grain yield Plant height Ear height Ear length Kernels 1000-kernels
parents (t/ha) (cm) (cm) (cm) ear weight (g)
1x2 7.62 200 54 220 TOTH** 327%*
1x3 11.15%** 214 8O ** 21.6 T3 H** 319%*
1x4 6.01 210 83kH* 21.3 695 301
1x5 9.20** 240%* 92 ¥** 21.0 764 298
2x3 7.95 201 71 19.0 812%** 261
2x4 8.50 205 70 22.6 893k 262
2x5 10.01%%* 220 81#* 21.6 865+ ** 281
3x4 9.28** 220 80** 233 649 334%x*
3x5 10.33%** 215 63 18.3 TS51H** 290
4x5 9.87%** 224 75 25.3* 850%** 328%**
1 3.03 189 65 16.0 343 279
2 4.09 154 45 13.0 544 234
3 4.81 199 73 18.5 T20*** 311*
4 4.00 166 46 16.3 475 231
5 2.83 186 43 16.0 265 260

*Significant differences at the 5% probability level; **Significant differences at the 1% probability level; ***Significant
differences at the 0.1% probability level

Table 4. Heterotic and heterobeltiotic value for grain yield and other parameters of maize in F1 generation.
Heterosis Grainyield  Plant height Ear height  Ear length Kernels  1000-kernels

Croses

type (t/ha) (cm) (cm) (cm) ear weight (9)

1x2 MPH % 114.0 16.6 -1.8 51.7 70.9 27.0

BPH% 86.0 5.8 -16.9 375 39.5 17.0
1x3 MPH% 184.4 10.3 24.6 25.2 37.5 8.0

PBH% 131.8 7.5 17.8 16.7 1.5 2.0
x4 MPH% 71.2 18.3 49.5 322 61.9 18.0

BPH% 50.2 11.1 27.6 30.6 423 7.0
1x5 MPH% 2139 28 70.3 31.2 151.3 10.0

BPH% 203.6 26.9 41.5 31.2 122.7 6.0
2% 3 MPH% 78.6 13.0 20.3 20.6 28.4 -4.0

BPH% 65.2 1.0 -2.7 2.7 12.7 -16.0
x4 MPH% 110.3 28.1 53.8 54.2 75.2 12.0

BPH% 107.8 234 52.1 38.6 64.1 11.0
21%5 MPH% 189.3 294 84.0 48.9 113.8 13.0

BPH% 144.7 18.2 80.0 35.0 59.0 8.0
x4 MPH% 110.9 20.5 344 33.9 8.6 23.0

BPH% 92.9 10.5 9.5 259 -9.86 7.0
3x5 MPH% 170.4 11.6 8.6 6.3 52.4 1.0

BPH% 114.7 8.0 -13.6 -1.08 43 -6.0
4x5 MPH% 189.4 27.2 68.5 57.1 129.7 33.0

BPH% 146.7 20.4 63.0 55.2 78.9 26.0

Table 5. The classification of F1 cross combinations according with heterosis
occurrence groups based on studied parameters.
. No. cross combination

Heterosis occurrence -

H type group Yield Plant Ear Ear Kernels | 1000-kernels
grain height height length ear weight
MPH MPH >25% 10 4 6 8 9 2
0<MPH<25% - 3 2 1
MPH <0 - - 1 - - 1
BPH BPH >25% 10 1 5 7 6 1
0<BPH <25% - 9 2 2 3 7
BPH <0 - - 3 1 1 2
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Kernels ear: The night F1 cross combination revealed
positive heterosis a high level of occurrence and six cross
combination showed heterobeltiosis for kernels ear (Table
5). The heterotic and heterobeltiotic values ranged from
+8.6% (3 x 4) to +151.3% (1 x 5) and +1.5% (1 x 3) to
+122.7% (1 x 5) respectively. Different ratio of heterotic
value for kernels ear as they were observed by Alam et
al. (2008) and Aghaei et al. (2012).

1000 - kernels weight: Two F1 cross combinations recorded
a positive heterosis effect with a high degree of occurrence
and one cross combination recorded a high degree of
occurrence for heterobeltiosis (Table 5). The increase in
1000 - kernels weight ranged from +1.0% (3 x 5) to +33.0 %
(4 x 5) and the heterobeltiosis ranged from +2.0% (1 x 3) to
+26.0% (4 x 5). These results were generally analogous to
the findings of Bonea (2001), Muhammad e al. (2003),
Malik et al. (2004) and Alam et al. (2008) as they observed
similar heterotic values for this parameter.

The highest degree of heterosis occurrence (H > 25), both
over mid parent and over the better parent, for analyzed
parameters, was shown with cross combinations 4x5 and 1x5.

Among the six biometrical and gravimetrical
parameters that were studied, only the grain yield and
plant height have recorded total positive occurrence (with
no negative values) both for heterosis over mid parent and
heterobeltiosis (Table 5). Similar results have been
reported by Mihalachi (2013). As a result, we can state
that the two parameters (the grain yield and the plants
height) can be used as universal indicators of heterosis.

With the case of the other parameters that have been
studied by us, the results of heterosis evaluation confirms
the organo-specific nature of their manifestation. This
type of manifestation allows the genotypical selection of
high performance heterozygote cross combinations.

Conclusions

Our studies has demonstrated the importance of
heterosis determination over the mid parent and over the
best parent (heterobeltiosis) because it allows the
identification of the best cross combinations as regards the
highest levels of occurrence of the heterotic effect.

The value of the inbred lines used as parents cannot be
appreciated only by their yielding capacity. Their specific
capacity of crossing, that ensures a strong heterotic effect,
is also of great importance.

Among the six studied parameters, only two — the
grain yield and the plant height — are relevant for an
objective evaluation of heterosis and can be used as
universal indicators.

The 4 x 5 and 1 x 5 cross combinations recorded the
best values of heterosis and heterobeltiosis for the analyzed
parameters. As a result, we recommend these cross
combinations to be used for further breeding programs.
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