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Drought tolerant maize (Zea mays L.) hybrids are crucial to sustainability of maize produc-
tion in West and Central Africa (WCA). Two studies were conducted at three locations in Ni-
geria for 2 yr to (i) assess performance of 156 early-maturing maize inbreds and three hybrid
types and (ii) determine heterosis among the lines and relationship between lines per se and
hybrid performance. The inbreds and their hybrids were evaluated separately under drought
and well-watered conditions. Genotype, environment and genotype X environment interac-
tions were significant for grain yield under the research conditions. Grain yield of inbreds
ranged from 0.06 t ha™' for TZEI 123 to 1.92 t ha™ for TZEI 17 under drought. While differ-
ences in grain yield among hybrid types (single, three-way and double-cross hybrids) were not
significant under drought, significant differences were detected among hybrid types under op-
timal conditions. GGE biplot analysis identified three inbreds, TZEI 18, TZEI 56, and TZEI 1
and hybrids TZEI 129 x TZEI 16, (TZEI 17 x TZEI 16) x TZE1 157 and (TZEI 16 x TZEI 157)
x TZEI 129 as ideal across research conditions. Midparent heterosis (MPH) and high-parent
heterosis (HPH) for grain yield were higher in the well-watered conditions than under drought.
Positive and significant correlations existed between MPH, HPH and yield under both re-
search conditions. Drought tolerant hybrids with stable and high yield are available for promo-
tion for adoption by farmers in WCA.

Keywords: drought tolerant inbreds, drought susceptibility index, early-maturing hybrids,
GGE biplot, maize (Zea mays L.)

Introduction

Maize (Zea mays L.) is a major staple food crop consumed by both rural and urban dwell-
ers in West and Central Africa (WCA). The savanna agro-ecologies of WCA have the
greatest potential for increased maize production because of its higher solar radiation and
lower incidence of pests and diseases. However, maize productivity in these regions is

* Corresponding author; E-mail: b.badu-apraku@cgiar.org

0133-3720/820.00 © 2013 Akadémiai Kiado, Budapest



OYEKUNLE and BADU-APRAKU: Hybrid Performance and Inbred-hybrid Relationship 315

greatly constrained by several biotic and abiotic factors, including drought, low soil fertil-
ity, and the parasitic weed, Striga hermontica (Del.) Benth (Badu-Apraku et al. 2003).
Drought is a major abiotic constraint contributing to fluctuations in yields in the lowland
savanna belt of WCA (Badu-Apraku et al. 2005). As persistently recurrent drought re-
duces water resources for agronomic uses, drought tolerant varieties and hybrids become
increasingly important for the sustainability of maize production and productivity in the
drought-prone areas.

The effects of drought stress on maize production are severe particularly in the Sudan
savanna zone due to unreliable and erratic distribution of rainfall (Eckebil 1991). Annual
maize yield loss resulting from drought in WCA has been estimated to be about 15%.
However, if drought stress coincides with the most drought-sensitive stages of maize
growth, such as flowering, it can reduce grain yield by 50% and at grain-filling periods by
20% (Denmead and Shaw 1960). An average of 40 to 90% maize yield losses due to
drought stress during the flowering and grain-filling periods have been reported by several
workers (Nesmith and Ritchie 1992; Menkir and Akintunde 2001; Badu-Apraku et al.
2005).

The proportion of total land area cultivated to open-pollinated cultivars (OPs) by farm-
ers in WCA has been estimated to be about 95% while hybrids accounted for only 5%
(Abdoulaye et al. 2009). During the last couple of years, maize farmers in Nigeria have in-
creasingly adopted hybrids and a large number of new seed companies have started to pro-
vide farmers with good quality hybrid seeds. Similarly, in countries such as Ghana and
Mali, a number of seed companies have emerged and are engaged in large-scale hybrid
production (Badu-Apraku et al. 2011). The availability of good quality seeds of maize hy-
brids with tolerance to stresses is invaluable for the sustainability of the productivity of
small- and large-scale maize-based faming system of WCA (Badu-Apraku et al. 2011).

Inbred line information indicative of hybrid performance is desirable to reduce costs
and time associated with hybrid production and evaluation. Such information makes it
possible to develop productive hybrids without testing all possible hybrid combinations
among the inbred lines available in a program. The positive association between mid-par-
ent heterosis (MPH) of hybrid grain yield and parental lines has been reported by
Makumbi et al. (2011) and Betran et al. (2003). In the development of drought tolerant hy-
brids, maize breeders need to consider inbred and hybrid relationship under drought and
optimum growing conditions.

Several studies have been conducted to determine the level of drought tolerance in the
IITA early maturing inbred lines (Badu-Apraku et al. 2011). Therefore, evaluation of hy-
brids derived from these inbred lines under controlled drought stress would be invaluable
in determining the breeding strategy for exploiting the gene action inherent in the inbred
lines. The objectives of the present study were, therefore, to (i) assess the yield perfor-
mance and stability of 156 early maturing inbreds, and the three hybrid types (single,
three-way and double-cross hybrids) under drought and well-watered conditions, as well
as across research environments, and (ii) estimate heterosis among the parental lines and
determine the inbred hybrid relationships.
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Materials and Methods

Two experiments were carried out in the present study. One hundred and fifty-six
early-maturing maize inbred lines extracted from six diverse germplasm sources with tol-
erance or resistance to Striga and maize streak virus, and/or tolerance to drought were
used in the present study. The 156 early maturing maize inbred lines were evaluated under
drought at Ikenne (forest-savanna transitional zone, 6°87° N, 3°70” E, 60 m asl, 1500 mm
annual rainfall) in Nigeria during 2007/08 and 2008/09 dry seasons and in well-watered
environments at Ikenne and Bagauda (Sudan savanna, 12°00° N, 8°22” E, 580 m asl, 800
mm annual rainfall) during the growing seasons of 2008 and 2009. A 12 x 13 alpha lattice
design with two replications was used for the inbred evaluation trial. Each experimental
unit was a one-row plot, 4 m long with row spacing of 0.75 m.

In the second experiment, 10 drought tolerant, early maturing inbred lines (five white-
and five yellow-grained), selected based on the results of the evaluation of the 156 inbred
lines under induced drought at Ikenne during the dry season of 2007/09 (Table 1) were
crossed in all hybrid combinations to form a diallel set of 10 single-cross hybrids without
reciprocals. Within the 10 single-cross hybrids, all possible 15 double-cross- and 30
three-way-cross hybrids were produced. A total of 110 hybrids (20 single-cross, 30 dou-
ble-cross and 60 three-way-cross) along with 11 drought tolerant checks (six OP cultivars
and five single-cross hybrids) were evaluated using 11 by 11 alpha lattice design with two
replications under drought and well-watered conditions. The hybrids were evaluated un-
der both research conditions during the dry seasons of 2008/09 and 2009/10 at the IITA
experimental station in Ikenne and during the growing season of 2009 at Bagauda and
Zaria (northern Guinea savanna, 11°11° N, 7°38’ E, 640 masl, 1200 mm annual rainfall).

The drought experiment was conducted at Ikenne during the dry season (December to
March) under rain-free conditions. The hybrids were evaluated in adjacent trials in two
blocks that received different irrigation treatments. One (the well-watered environment),
received irrigation each week until physiological maturity. In the second, the drought
treatment was imposed by withdrawing irrigation water from 28 days after planting
(DAP) so that the plants relied on stored soil moisture till physiological maturity. Sprin-
kler irrigation was used to supply sufficient water (17 mm) every week to the two blocks
from planting to the end of fourth week. Experiments at Bagauda, a terminal drought
prone site and Zaria, a high yield environment were conducted under rain-fed conditions.
The management practices were the same for all the experiments under both research con-
ditions, except for the well-watered treatment.

Atall locations, a single-row plot was used with a row length of 4 m and 22 plants /row.
Row and hill spacings were 75 cm and 40 cm. Three seeds/hill were planted and seedlings
were thinned to two plants/hill 2 weeks after emergence, giving a population density of 66
666 plants ha™'. A compound fertilizer (NPK 15:15:15) was applied at the rates of 60 kg N,
60 kg P and 60 kg K ha™' at planting in all experiments. An additional 60 kg N ha™' urea
was top-dressed 3 weeks later. The experiment was kept weed-free by applying 5 1 ha™
each of a mixture of gramoxone as a foliar contact herbicide and primextra as a pre-emer-
gence herbicide. Subsequently, manual weeding was done as necessary to maintain the tri-
als weed-free.
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Table 1. Grain yield and other agronomic traits of parental lines of the different types of hybrids evaluated under drought and well-watered conditions
at Ikenne and Bagauda, 20072009

Name Pedigree Grain yield, Days ASI Plant height, Plant Ear LD EPP
tha' to silk cm aspect aspect

DS WW DS WwW DS WW DS WW DS WW DS WW DS DS WW
TZEI 17 TZE COMP5-Y C6 S6 Inb 35 1.92 231 51 58 00 1.0 1230 1044 17 24 10 19 23 09 1.0
TZEI 129 TZE-Y Pop STR CO S6 Inb 16-1-3  1.67 227 52 56 05 04 1566 1380 15 1.7 17 19 23 09 10
TZEI 63 TZE-W Pop STR C0 S6 Inb 136-2-3 1.65 1.50 54 61 1.8 22 1274 1154 17 28 18 21 43 09 09
TZEI 87 TZE-W Pop x 1368 STR S7Inb 11 1.63 223 52 54 29 02 1390 1402 18 20 22 17 44 07 1.0
TZEI 2 TZE-W Pop x 1368 STR S7 Inb 2 149 192 53 58 19 16 1357 1172 22 23 20 19 43 07 1.0
TZEI 16 TZE COMP5-Y C6 S6 Inb 31 142 215 54 59 12 13 1208 1207 20 20 18 16 13 08 09
TZEI 59 TZE-W Pop STR C0 S6 Inb 80 142 139 54 60 1.6 15 1235 1166 15 24 26 24 44 08 0.7
TZEI 108 WEC STR S7 Inb 7 127 161 52 58 1.1 16 1305 1328 20 21 25 19 42 08 07

TZEI 135 TZE-Y Pop STRCO S6 Inb 17-2-3  1.27 229 53 57 28 1.0 1285 1313 27 20 21 1.5 25 06 08
TZEI 157 TZE-Y Pop STR CO S6 Inb 102-1-2 1.27  2.07 53 58 22 13 1188 1240 22 20 2.1 1.5 34 08 1.0

Grand mean 0.84 1.62 56 59 25 1.8 1156 1190 30 26 26 22 37 07 08
LSD 0.54 0.70 3 2 21 13 16.8 431 12 12 08 06 12 03 04
Environment (E) * %k Kk *k *%k *k *K *k * %k S * %k *K *k S * %k Kk
Genotype sk sk sk sk sk sk ek sk sk sk sk sk sk sk sk
Genotype X E *k *k *k ko *k ko ko * ok sk sk sk sk sk ok

*, ** Significantly different from zero at P < 0.05 and P < 0.01 levels, respectively.
ASI = Anthesis-silking interval, EPP = Number of ears per plant, LD = Leaf death score
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Observations were made in the inbred and hybrid trials for days to anthesis and silking,
and plant and ear heights. Anthesis-silking interval (ASI) was computed as the interval
in days between silking and anthesis. Plant aspect were rated on a scale of 1 to 5, where
1 =excellent overall phenotypic appeal and 5 = poor overall phenotypic appeal. Ear aspect
was scored on a 1 to 5 scale, where 1 = clean, uniform, large, and well-filled ears and
5 =rotten, variable, small, and partially or poorly filled ears. Leaf death (LD) was scored
at 70 DAP on a scale of 1 to 10, where 1 =less than 10% dead leaf area and 10 = more than
90% dead leaf area. The number of ears per plant (EPP) was computed as the proportion of
the total number of ears at harvest divided by the number of plants at harvest. Grain yield,
adjusted to 150 g/kg moisture, was computed from the shelled grain weight.

Separate analysis of variance (ANOVA) was performed for inbred and hybrid trials on
data collected across years and locations for drought stress and well-watered conditions
using PROC GLM from SAS (SAS 2001). Test environments, inbreds and replications
were considered as random effects while hybrids were considered as fixed effects.
Drought susceptibility index (DSI) was used as a measure of drought tolerance for the hy-
brid trial (Fischer and Maurer 1978). Twenty-nine each of inbreds and hybrids comprising
the top 24 and the worst five entries selected based on combined ANOVA across research
environments were subjected to GGE biplot analysis to identify the best single-,
three-way- and double-cross hybrids and inbreds in terms of yield and stability as well as
the ideal genotypes across research environments. The analyses were done using GGE
biplot (Yan 2001). Mid-parent (MPH) and better-parent heterosis (HPH) were computed
using the adjusted means of the inbred lines and hybrids. Correlations were computed be-
tween parental lines per se and the trait means of F1 hybrids under drought and well-
watered conditions. The relationship between yield under well-watered conditions and
drought was determined for each hybrid type using regression analysis.

Results

Results of the ANOVA of the inbreds combined across years under drought showed sig-
nificant genotype (G), environment (E), and G X E interaction (GEI) mean squares for all
traits (Table 1). Similarly, mean squares of inbreds were significant for all traits under
well-watered conditions. Mean grain yield of the inbreds ranged from 0.06 t ha™' for TZEI
123 to 1.92 t ha™' for TZEI 17, averaging 0.84 t ha™' under drought whereas, it ranged be-
tween 0.58 t ha™' for TZEI 123 and 2.31 t ha™' for TZEI 17 with an average of 1.62 tha™'
under well-watered conditions. The top seven ranking inbreds were not significantly dif-
ferent from one another except TZEI 17 that was significantly different from the last three
inbreds under drought. On the average, drought reduced grain yield of inbreds by 48%
(Table 1).

Significant (P < 0.01) differences were detected among the genotypes for all measured
traits except plant and ear heights, husk cover and EPP under induced drought stress and
ASI and EPP under well-watered conditions (data not shown). Genotypic groups were
significant (P < 0.01) only for days to anthesis and silking, and plant aspect under drought
whereas significant differences were detected among genotypic groups for all measured
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traits except grain yield, husk cover, ear aspect and EPP under well-watered conditions.
Single-cross hybrids were significantly (P < 0.01) different from three-way-cross hybrids
for days to anthesis and silking, plant aspect and EPP under drought. In contrast, sin-
gle-cross hybrids did not differ significantly from double-cross hybrids for any trait ex-
cept days to anthesis under drought. Genotypic differences were observed between single-
and double-cross hybrids for most traits except plant and ear heights, ear aspect and EPP
under well-watered conditions. Genotype x environment interaction was significant (P <
0.01) for grain yield and days to anthesis under both research conditions. Genotypic group
X environment interaction mean squares were significant for grain yield, plant height and
plant aspect under drought and days to anthesis, plant height and stalk lodging under
well-watered conditions (data not shown). The ranking of genotypes under drought stress
was significantly correlated (r = 0.20 to 0.43, P < 0.01) with the rankings under well-wa-
tered conditions for all traits except plant height, plant aspect and EPP (data not shown).

Grain yield of the hybrids ranged from 1.04 to 2.51 tha™' , averaging 1.73 t ha™' under
drought and 2.53 to 5.00 t ha™' with an average of 3.76 t ha™' under well-watered condi-
tions. On average, induced moisture deficit reduced grain yield by 54%, days to anthesis
by 4%, days to silking by 2%, plant height by 13%, ear height by 10% and EPP by 20%.
On the other hand, the ASI increased by 33%, plant aspect deteriorated by 7% and ear as-
pect by 11% (data not shown). The yield loss in the hybrids resulting from induced mois-
ture stress compared with the yield in well-watered conditions ranged from 41 to 66% for
single-, 26 to 69% for three-way-, 23 to 68% for double-cross, and from 26 to 63% for the
checks, with an average of 54% (data not shown). The highest yielding single-cross (TZEI
129 x TZEI 16), three-way-cross [(TZEI 59 x TZEI 108) x TZEI 63] and double-cross
[(TZEI 63 x TZEI 108) x (TZEI 59 x TZEI 87)] out-yielded the best OP check, TZE-W
DT Pop STR C4 by 18, 19 and 20%, respectively, under induced drought (data not
shown). The variation in grain yield under well-watered conditions accounted for 39% of
the total variation in grain yield under induced drought for single-cross, 4% for three-way,
2% for double-cross, and 9% for the checks (data not shown).

The highly significant genotype x environment interaction for inbreds and hybrid grain
yield and most other measured traits necessitated the use of the GGE biplot to decompose
the G + GE to determine the yield performance and stability of the inbreds and hybrids
across research environments. The principal component (PC) axis 1 captured 61.7% of the
total variation for grain yield of the inbreds while PC 2 captured 17.8% (data not shown).
Thus, PC1 and PC2 together accounted for 79.5% of the total variation for grain yield of
inbreds. In contrast, the GGE biplot of grain yield of the hybrids revealed that PC1 and
PC2 together accounted for 74% of the total variation (Fig. 1). The average performance
of a genotype is approximated by the projection of its marker on the average-tester coordi-
nate (ATC). The stability of the genotypes is measured by their projection onto the aver-
age-tester coordinate y axis single-arrow line (ATC abscissa). The greater the absolute
length of the projection the less stable is the genotype (Yan et al. 2007). Based on these cri-
teria, inbreds, TZEI 18, TZEI 56, TZEI 1 and TZEI 19 had outstanding yield performance
and short projection onto the average-tester coordinate y axis and hence high yield stabil-
ity across research environments (data not shown). Similarly, the single-cross, TZEI 129 x
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TZEI 16 and the three-way-cross hybrids (TZEI 16 x TZEI 157) x TZEI 129 were identi-
fied as the highest yielding hybrids while, hybrid (TZEI 129 x TZEI 157) x TZEI 135 was
the lowest-yielding across environments (Fig. 1). In contrast, the hybrids, TZEI 129 x
TZEI 16, (TZEI 17 x TZEI 16) x TZEI 157 and (TZEI 135 x TZEI 17) x (TZEI 129 x
TZEI 157) had outstanding yield performance and short projection onto the average-tester
coordinate y axis and hence high yield stability across research environments. Based on
the discriminating ability and representativeness of genotypes Yan (2001), hybrids TZEI
129 x TZEI 16, (TZEI 17 x TZEI 16) x TZEI 157 and (TZEI 16 x TZEI 157) x TZEI 129
(data not shown) and inbreds TZEI 18, TZEI 56 and TZEI 1 (data not shown) were located
in the innermost concentric circle and were identified as ideal across research environ-
ments.

MPH and HPH for grain yield were higher in the well-watered conditions than under
induced drought environments (data not shown). MPH ranged from 0 to 59% in the
drought environment, with the largest MPH for hybrid TZEI 129 x TZEI 16. Under
well-watered conditions, MPH ranged from 17% for TZEI 135 x TZEI 129 to 201% for
TZEI 129 x TZEI 16 (data not shown). A similar trend was observed for HPH under both
research conditions. There was no significant correlation between hybrid grain yield and
MP and HP under drought or well-watered conditions (Table 2). However, significant
positive correlations were obtained between grain yield and MPH, HPH, EPP, days to
anthesis and silk, but negative correlation with plant and ear aspect and LD under drought
(Table 2). Similarly, grain yield had significant positive correlations with MPH, HPH,
plant and ear height, and EPP but negative correlations with plant and ear aspect under
well-watered conditions. Positive and significant correlation existed between days to silk
and anthesis, ASI, and plant aspect while negative correlations were observed between
days to silk, EPP and grain yield under drought.

Discussion

Single-cross maize hybrids are normally more productive and uniform and have greater
appeal than three-way and double-cross hybrids under optimal growing conditions and are
preferred by both commercial seed companies and farmers. However, seeds of three-way-
and double-cross hybrids are relatively cheaper than those of single-cross hybrids because
of the lower seed yield of the parental inbreds. The lack of significant differences among
the three different classes of hybrids under drought indicates the importance of dosage ef-
fects of the drought tolerance genes in the parental inbred lines used in the present study.
The dosage effects of the drought tolerance genes in the three and four parental inbreds in-
volved in the three-way- and double-cross hybrids compared with the two parental inbreds
of the single-cross hybrids might have enabled them to out-yield some of the single-cross
hybrids under drought. Furthermore, the broader genetic constitution of the three-way-
and double-cross hybrids might have buffered them better than single-crosses against the
diverse growing conditions of the trial sites. These findings are in agreement with the re-
sults of Pixley and Bjarnason (2002). The observed wide adaptation and stability of dou-
ble-cross hybrids could also be due to the aggregation of genes from diverse parental lines.
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Table 2. Correlation coefficient between maize inbred line per se and F; hybrid grain yield and other agronomic traits under drought (above diagonal)
and well-watered conditions (below diagonal)

MP HP MPH HPH Days Plant Ear Plant Ear ASI EPP Grain LD
tosilk  height height aspect aspect yield

MP 0.88** —0.05 -0.09 -0.21 0.15 -0.14  -0.01 —0.57**% —0.11 0.22 034  -0.13
HP 0.90%* -020 -0.32 -0.19 0.14  -0.15 0.04 -034  -0.02 0.02 0.14  -0.12
MPH —0.76%* —0.72%** 0.92%* —-0.44 0.19 027  -0.71** —0.68** -0.38 0.67**  0.87**% —0.56**
HPH —0.65%* —0.73*¥*  0.96%* -0.29 0.20 028  —0.58** —0.66%* -0.36 0.54* 0.76%* —0.49*
Days to anthesis 0.02  -0.19 0.01 0.12 0.85** —0.23 -0.01 0.49* 0.33 042  -0.50* —-0.47* 0.01
Days to silk 0.02 -0.20 0.02 0.14 -024  -0.14 0.52* 0.39 0.83%* —0.54* —0.54* -0.18
Plant height 0.10 0.22 0.18 0.14  -0.28 0.68* -024 041 -0.17  -0.07 0.20 0.13
Ear height -0.09  -0.06 0.43 0.43 -0.13 0.73%* -034 -036 024 0.22 028  -0.01
Plant aspect -024 -0.14 -035 -0.45 -0.09  —0.56%* —0.65%* 0.50* 037  —0.63** —0.74** 034
Ear aspect 0.21 0.16  —0.55% —0.55* 0.11 -0.25 -0.39 0.51%* 0.33 —-0.66** —0.85** 043
ASI -0.16 -0.26 0.11 0.16 044 026 -028  -0.07 -0.19 —0.41 -0.43 -0.32
EPP -0.06 -0.14 0.54* 0.62** —0.15 0.40 038  —0.63** —0.64** 0.07 0.83%* —0.37
Grain yield -0.03 -0.03 0.66**  0.69** —0.02 0.47* 0.60%* —0.79** —0.69**  0.02 0.79%* —0.49*
Rank correlation between
drought and well-watered
conditions - - - - 0.34*%*  0.13 0.20* 0.10 0.20* 0.20* 0.14 0.29%* -

* ** Significantly different from zero at P < 0.05 and P < 0.01 levels, respectively.
MP = Mid-parent, HP = Better-parent, MPH = Mid-parent heterosis, HPH = Better-parent heterosis, ASI = Anthesis-silking interval, EPP = Number of ears per

plant, LD = Leaf death score
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This result is in agreement with that of Rahaman et al. (2009) who reported that aggrega-
tion of genes to segregants from diverse parents provides wide adaptation and stability in
yield contributing traits and tolerance to key stresses in lentil.

The rankings of genotypes under induced drought were found to be similar to those un-
der well-watered conditions. However, the variation in grain yield under well-watered
conditions captured 39% of the total variation in grain yield under induced drought for sin-
gle-cross hybrids, 4% for three-way-, 2% for double-cross, and 9% for improved varieties.
It appears that the similarity observed in the ranking of genotypes under the two research
conditions was mainly attributable to the consistency in the ranking of single-cross hy-
brids. The implication of this result was that performance of single-cross hybrids under
well-watered conditions could be used to predict the performance under drought condi-
tions. Therefore, field testing of three-way- and double-cross hybrids under induced
drought is crucial for successful identification and development of the complex drought
tolerant hybrids.

The high variation and low yield potential of the tested inbred lines (0.06 to 2.31 tha™)
and hybrids (1.04 to 2.51 t ha ") under drought indicated that adequate genetic variability
existed among the early-maturing maize inbreds and hybrids to allow significant progress
from selection for improvements in grain yield under drought. The reduction in grain yield
resulting from induced moisture stress was similar for the three classes of hybrids when
compared with well-watered conditions. These results fall within the range reported by
earlier workers (Nesmith and Ritchie 1992; Menkir and Akintunde 2001; Badu-Apraku
et al. 2005; Badu-Apraku et al. 2011). The best single, three-way, and double-cross hy-
brids out-yielded the best OP cultivar, TZE-W DT Pop STR C4 by 18-20% under induced
drought suggesting that superior hybrids are now available in WA and should be vigor-
ously promoted for adoption by farmers to contribute to food security in the sub-region.
Significant differences in DSI were also observed among the hybrids and the checks. The
results of this study revealed that the higher the yield under drought stress, the lower the
DSI. This result is in agreement with the findings of Bruckner and Frohberg (1987).

An important objective of this study was to identify hybrids that have stable and high
yield performance across both research conditions. It is striking to note the superior per-
formance of TZEI 129 x TZEI 16 and (TZEI 16 x TZEI 157) x TZEI 129 across test envi-
ronments. Furthermore, TZEI 129 x TZEI 16 was not only the highest-yielding sin-
gle-cross hybrid under drought stress, but was also identified as one of the ideal hybrids
across research environments. These hybrids should therefore be vigorously promoted for
adoption by farmers in WCA, especially those in the drought prone areas.

The absence of correlation between inbred line per se and hybrid performance under
drought and optimum growing conditions indicated that the performance of inbred lines
cannot be used to predict the performance of inbred lines in hybrid combinations under the
research conditions. These results are consistent with the findings of Lafitte and
Edmeades (1995), but contrary to those reported by Betran et al. (2003). This implied the
need to evaluate hybrids under stress conditions to identify superior hybrids for stress en-
vironments. The presence of positive and significant correlation between MPH and grain
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yield in this study is consistent with the findings of Makumbi et al. (2011) and Betran et al.
(2003).

In conclusion, the results of the present study suggest that the dosage effects of the
drought tolerance genes in the three and four parental inbreds involved in the three-way-
and double-cross hybrids might have enabled them to out-yield many of the single-cross
hybrids under drought. The absence of correlation between inbred line per se and hybrid
performance under drought and optimum growing conditions indicated that the perfor-
mance of inbred lines cannot be used to predict their performance in hybrid combinations
under the contrasting research conditions. The hybrids, TZEI 129 x TZEI 16, (TZEI 17 %
TZEIL16) x TZEI 157 and (TZEI 16 x TZEI 157) x TZEI 129 identified as outstanding and
stable should be commercialized and promoted for adoption to contribute to food security
and the sustainability of emerging seed companies in the sub region.

References

Abdoulaye, T., Sanogo, D., Langyintuo, A., Bamire, S.A., Olanrewaju, A. 2009. Assessing the constraints af-
fecting production and deployment of maize seeds in DTMA countries of West Africa, IITA, Ibadan, Nigeria.

Badu-Apraku, B., Abamu, F.J., Menkir, A., Fakorede, M.A.B., Obeng-Antwi, K., The, C. 2003. Genotype by en-
vironment interactions in the regional early maize variety trials in West and Central Africa. Maydica
48:93-104.

Badu-Apraku, B., Fakorede, M.A.B., Menkir, A., Kamara, A.Y., Depaah, S. 2005. Screening maize for drought
tolerance in the Guinea savanna of West and Central Africa. Cereal Res. Commun. 33:533-540.

Badu-Apraku, B., Oyekunle, M., Akinwale, R.O., Lum, A.F. 2011. Combining ability and heterotic groups of
early maturing tropical white maize inbred lines under stress and nonstress environments. Agron. J.
103:544-557.

Betran, F.J., Beck, D., Banziger, M., Edmeades, G.O. 2003. Genetic analysis of inbred and hybrid yield under
stress and nonstress environments in tropical maize. Crop Sci. 43:807-817.

Bruckner, P.L., Frohberg, R.C. 1987. Stress tolerance and adaptation in spring wheat. Crop Sci. 27:31-36.

Denmead, O.T., Shaw, R.H. 1960. The effects of soil moisture stress at different stages of growth on the develop-
ment and the yield of corn. Agron. J. 52:272-274.

Eckebil, J.P. 1991. New frontiers of food grain research for the 1990s. In: Menyonga, J.M., Taye-Bezuneh,
Yayock, J.Y., Soumana, I. (eds), Progress in Food Grain Research and Production in Semi-arid Africa.
OAU-STRC-SAFGRAD. Ouagadougou, Burkina Faso, pp. 3-20.

FAO/ UNESCO 1994. Soil Map of the World. Revised legend. FAO, Rome, Italy.

Fischer, K.S., Maurer, R. 1978. Drought resistance in spring wheat cultivars. I. Grain yield responses. Aust. J.
Agric. Res. 29:897-912.

Lafitte, H.R., Edmeades, G.O. 1995. Association between traits in tropical maize inbred lines and their hybrids
under high and low soil nitrogen. Maydica 40:259-267.

Makumbi, D., Betran, F.J., Banziger, M., Ribaut, J-M. 2011. Combining ability, heterosis and genetic diversity
in tropical maize under stress and non-stress conditions. Euphytica 180:143-162.

Menkir, A., Akintunde, A.O. 2001. Evaluation of the performance of maize hybrids, improved open-pollinated
and farmers’ local varieties under well-watered and drought stress conditions. Maydica 46:227-238.

Nesmith, D.S., Ritchie, J.T. 1992. Effects of water-deficits during tassel emergence on development and yield
components of maize (Zea mays L.). Field Crops Res. 28:251-256.

Pixley, K.V., Bjarnason, M.S. 2002. Stability of grain yield, endosperm modification, and protein quality of hy-
brid and open-pollinated quality protein maize cultivars. Crop Sci. 42:1882—1890.

Rahaman, M.M., Sarker, A., Kumar, S., Ali, A., Yadar, N.K., Rahman, L. 2009. Breeding for short season envi-
ronments In: Erskine, W., Muehlbauer, F., Sarker, A., Sharma, B. (eds), The Lentil: Botany, Production and
Uses. CAB Int. Wallingford, UK, pp. 6121-6136.

Cereal Research Communications 42, 2014



OYEKUNLE and BADU-APRAKU: Hybrid Performance and Inbred-hybrid Relationship 325

SAS 2001. SAS User’s Guide. Version 9.2. SAS Institute, Inc., Cary, NC, USA.

Yan, W. 2001. GGEBiplot — A windows application for graphical analysis of multi-environment trial data and
other types of two-way data. Agron. J. 93:1111-1118.

Yan, W., Kang, M.S., Ma, B., Woods, S., Cornelius, P.L. 2007. GGE biplot vs. AMMI analysis of geno-
type-by-environment data. Crop Sci. 47:643—655.

Cereal Research Communications 42, 2014




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




