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ABSTRACT

Maize production in sub-Saharan Africa is severely constrained by Striga
hermonthica infestation, a parasitic weed that causes substantial yield
losses in farmers’ fields. Therefore, developing maize genotypes that
combine high grain yield with resistance or tolerance to Striga infestation
is essential for improving smallholder farmers’ productivity and
livelihoods. In this study, we evaluated the response of selected top-cross
maize hybrids to Striga hermonthica infestation and identified high-
yielding hybrids suitable for cultivation in affected environments.
Thirty-two top-cross hybrids and eight commercial checks were evaluated
under artificial Striga-infested and non-infested conditions across four
environments in Nigeria using a 10 x 4 alpha-lattice design with two
replications. Significant genotypic differences in grain yield and Striga-
related traits were observed among the hybrids under both conditions.
The variance attributable to general combining ability (GCA) was greater
than that due to specific combining ability (SCA) for grain yield and Striga
damage parameters, indicating that additive gene effects predominantly
control the inheritance of these traits. One parental line (TZISTR2014) was
identified as a desirable general combiner for improved grain yield,
whereas TZISTR1872 was identified as a good combiner for reduced Striga
emergence count. Four top-cross hybrids (FAWSYN-1/TZISTR2014,
FAWSYN-1/TZISTR2024, FAWSYN-2/TZISTR1318, and  FAWSYN-
1/IITAZI2305), together with two commercial checks (Oba Super 9 and Oba
Super 11), exhibited superior grain yield and Striga infestation tolerance.
Among these, FAWSYN-1/TZISTR2014 showed reduced Striga emergence,
whereas FAWSYN-1/IITAZ12305, FAWSYN-1/TZISTR2024, and FAWSYN-
2/TZISTR1318 displayed favorable responses to Striga damage. These
hybrids represent valuable genetic resources for developing improved
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populations and extracting inbred lines for producing high-yielding
Striga-resistant maize hybrids in sub-Saharan Africa.

KEYWORDS: maize; Striga hermonthica; combining ability; genetic
analysis; yield

ABBREVIATIONS

DF, degrees of freedom; Env, environment; Rep, replication; Gen, genotype;
GY, grain yield; DA, days to anthesis; DS, days to silk; ASI, anthesis—silking
interval; PLTH, plant height; EH, ear height; HC, husk cover; EASP, ear
aspect; STRRAT?2, Striga rating at 10 weeks after planting; STRCOT2, Striga
count at 10 weeks after planting

INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops cultivated
worldwide and plays a major role in sub-Saharan Africa (SSA) food
security. It serves as a staple food for humans, livestock feed, and a raw
material for flour, starch, ethanol, corn oil, and glucose [1-3]. In addition
to its diverse wuses, maize is nutritionally valuable, containing
approximately 72% starch, 10% protein, 4.8% oil, 8.5% fiber, 3% sugar, and
1.7% ash [4]. Maize production in SSA is constrained by several biotic and
abiotic stresses despite its importance. The parasitic weed Striga
hermonthica (purple witchweed) is among the most devastating biotic
constraints, causing severe yield losses in maize fields [5]. Striga
infestation affects nearly two-thirds of the arable land in the savanna
regions of SSA and can force farmers to abandon heavily infested fields.
Continuous cropping and shortened fallow periods resulting from
increasing population pressure on agricultural land have exacerbated the
problem [6]. Yield losses caused by Striga infestation may range from 50%
to complete crop failure depending on infestation severity, maize
genotype, soil fertility status, and environmental conditions [7,8].

Several control strategies have been proposed to manage Striga
infestation, including hand weeding [9], crop rotation and intercropping,
herbicide application [10], the use of trap or catch crops [11], and
improved soil fertility through nitrogen fertilization [12]. However, none
of these methods alone can provide effective and sustainable control of
the parasite. Consequently, integrated management strategies are often
recommended. Among these approaches, the use of Striga-resistant or -
tolerant maize varieties is widely considered the most practical and cost-
effective option for smallholder farmers in SSA [13,14].

In Striga research, resistance is generally classified into pre- and post-
attachment mechanisms. Pre-attachment resistance involves reduced
stimulation of Striga seed germination or inhibition of haustorium
initiation, whereas post-attachment resistance occurs when Striga fails to
establish or develop after attachment to the host root [15-17]. Under field
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conditions, resistance is often indirectly assessed using indicators such as
Striga emergence counts and damage ratings. Resistance is evaluated
based on the number of emerged Striga plants, which reflects the overall
host response but does not allow differentiation between pre- and post-
attachment resistance mechanisms. In contrast, tolerance describes the
host plant’s capacity to maintain relatively high grain yield despite the
parasite’s presence [18,19]. Therefore, breeding maize varieties with
improved resistance or tolerance to Striga infestation has become an
important objective in maize improvement programs across SSA.

The identification of genotypes of maize with high levels of resistance
and tolerance has been widely recommended as an effective breeding
strategy [20-23]. This approach exploits the natural genetic variation in
maize germplasm to develop high-yielding cultivars with improved
Striga resistance. Successful development of Striga-tolerant maize hybrids
depends largely on a clear understanding of gene action, inheritance
patterns, and parental line combining ability. Such information enables
breeders to identify superior parents, design effective hybridization
schemes, and adopt appropriate breeding strategies for developing
improved cultivars [24,25]. Previous studies have used combining
ability analyses to investigate the inheritance of Striga resistance in maize
[26-28]. However, the relative importance of the effects of additive and
non-additive genes remains inconsistent across studies. Some authors
have reported that additive gene action predominantly controls grain
yield and Striga emergence [27,28], whereas others have suggested that
non-additive effects have a greater contribution [29]. These results
indicate that the genetic control of Striga resistance may vary depending
on the germplasm used. Therefore, evaluating newly developed maize
lines is important to determine the genetic basis of yield performance and
resistance to Striga infestation.

Assessing the combining ability of inbred lines derived from diverse
germplasm sources provides valuable information for hybrid
development and selection of superior parental lines. Such knowledge is
essential for breeding programs aimed at developing maize hybrids with
improved grain yield and enhanced resistance to Striga infestation.
Therefore, the objectives of this study were to (i) evaluate the general and
specific combining ability of maize inbred lines and their hybrids,
respectively, under Striga-infested and non-infested conditions; (ii)
identify parental lines that combine high grain yield with resistance to
Striga parasitism; and (iii) identify high-yielding maize hybrids that
exhibit tolerance to Striga infestation.

MATERIALS AND METHODS

Genetic Materials and the Experimental Design

Sixteen inbred maize lines selected for drought tolerance and Striga
resistance (DTSTR), together with two fall armyworm (FAW)-resistant
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synthetic testers (FAWSYN-1 and FAWSYN-2), were used as parental
materials for the development of top-cross hybrids. The 16 inbred lines
were crossed with the two testers using a Line x Tester mating design,
generating 32 top-cross hybrids (Table 1). The crosses were produced at
the IITA Ibadan Research Field Nursery during the dry season (December
2023-April 2024). The resulting 32 top-cross hybrids, along with eight
hybrid checks released by private seed companies and national research
programs for Striga resistance, were evaluated using a 10 x 4 alpha-lattice
experimental design with two replications. The hybrids were evaluated as
follows:

Table 1. List of inbred lines and synthetic testers used in the experiment.

Genotype Type Description

TZISTR2014 Inbred line Drought tolerance and Striga resistance
TZISTR2042-1 Inbred line Drought tolerance and Striga resistance
IITATZI2300 Inbred line Drought tolerance and Striga resistance
IITAZI2305 Inbred line Drought tolerance and Striga resistance
TZISTR1121 Inbred line Drought tolerance and Striga resistance
TZISTR1129 Inbred line Drought tolerance and Striga resistance
TZISTR1305 Inbred line Drought tolerance and Striga resistance
TZISTR1318 Inbred line Drought tolerance and Striga resistance
TZISTR1320 Inbred line Drought tolerance and Striga resistance
TZISTR1869 Inbred line Drought tolerance and Striga resistance
TZISTR1872 Inbred line Drought tolerance and Striga resistance
TZISTR1878 Inbred line Drought tolerance and Striga resistance
TZISTR2024 Inbred line Drought tolerance and Striga resistance
TZISTR2042-2 Inbred line Drought tolerance and Striga resistance
TZISTR2129-1 Inbred line Drought tolerance and Striga resistance
TZISTR2129-2 Inbred line Drought tolerance and Striga resistance
FAWSYN-1 Synthetic tester FAW-resistant synthetic

FAWSYN-2 Synthetic tester FAW-resistant synthetic

FAWSYN-3 Check-1

FAWSYN-1 Check-2

FAWSYN-2 Check-3

SAMMAZ 51 Check-4

Oba Super 11 Check-5

SAMMAZ 24 Check-6

ZMS 301 Check-7

Oba Super 9 Check-8

Description of Study Locations and Evaluation of Field Trials

The 40 maize genotypes, consisting of 32 top-cross hybrids and eight
commercial checks, were evaluated under both artificial Striga-infested
and non-infested conditions across two years and two locations during the
2024 and 2025 rainy seasons. The two locations represent the agro-
ecological zones of northern and southern Guinea Savanna in Nigeria.
Abuja, representing the Northern Guinea Savanna, is located at
approximately 9°04'N, 7°29'E, with an elevation of approximately 476 m
above sea level, an average annual rainfall of approximately 1200-1500
mm, mean temperatures ranging from 22 °C to 32 °C, and relative humidity
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varying between 60% and 80% during the cropping season. Mokwa
represents the Savanna of Southern Guinea during the 2023 growing
season. It is located approximately 9°18'N, 5°04'E, and receives an average
annual rainfall of approximately 1000-1200 mm, with mean temperatures
ranging from 24 °C to 34 °C and relative humidity of 55%-75%. The soils at
both locations are predominantly sandy loam to loamy soils, which are
typical of the Guinea savanna zone and suitable for maize production.
The growing season at both locations typically lasts from May to October.

The experimental locations were selected because they represent
important maize production environments in the savanna agro-ecological
zones of Nigeria, where Striga hermonthica infestation is widespread. The
IITA maize improvement program routinely uses these sites for Striga
screening trials because they provide suitable environmental conditions
for parasite development and allow reliable evaluation of maize
genotypes for resistance and tolerance under field conditions. The
experimental fields in the two locations were treated with ethylene gas to
induce suicidal germination of residual Striga seeds and reduce the
residual seed bank from previous experiments. After this treatment,
newly prepared S. hermonthica seeds collected from farmers’ sorghum
fields around Abuja and Mokwa in the preceding year were applied at a
rate of approximately 3000 germinable seeds per planting hole
representing the Striga-infested strips. The application of the Striga seeds
was not direct due to their extremely small size; instead, the seeds were
mixed with a small quantity of sand to facilitate uniform distribution
during artificial infestation. The sand served only as a carrier for the seeds
and was applied in negligible amounts relative to soil volume. Maize seeds
were later planted in the same holes as the Striga seeds. This procedure is
routinely used in Striga screening trials to ensure consistent and
controlled infestation pressure. Each hybrid was planted in adjacent
Striga-infested and non-infested strips separated by a 1.5 m alley during
planting. Within each strip, genotypes were planted in two-row plots
measuring 4 m in length, with 0.75 m spacing between rows and 0.25 m
spacing between plants within rows. The infested row of each hybrid was
positioned directly opposite the corresponding non-infested row to
facilitate the accurate estimation of yield losses attributable to Striga
hermonthica damage [14]. To eliminate potential Striga seed
contamination in the non-infested plots, the soil was treated with ethylene
2 weeks before planting. Seeds of S. hermonthica were collected from
sorghum fields near Abuja and Mokwa during the previous cropping
season. For infestation, approximately 8.5 g of sand mixed with Striga
seeds was applied per planting holes, providing an estimated 3000
germinable Striga seeds. Two maize seeds were planted per hill and later
thinned to one plant at two weeks after planting (WAP) to achieve a final
plant population of approximately 53,333 plants ha™'. Compound fertilizer
was applied at a rate of 60 kg N, 60 kg P, and 60 kg K ha™! in two splits: the

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics 6 of 24

first at three WAP and the second at five WAP. Weeds other than Striga
were manually controlled throughout the growing period.

Data Collection

Data were recorded under both Striga-infested and non-infested
conditions for several agronomic and Striga-related traits, including plant
stand, days to anthesis (DA), days to silking (DS), anthesis-silking interval
(ASI), plant height, ear aspect, and grain yield. The plant stand was
recorded after thinning. DA and DS were recorded as the number of days
from planting until 50% of the plants in a plot had begun shedding pollen
and showing emerged silks, respectively. The anthesis—silking interval
(ASI) was calculated as the difference between silking and anthesis dates.
Plant height (PLTH) and ear height (EH) were measured on five
representative plants per plot at physiological maturity. The plant height
was measured from the soil surface to the first tassel branch, and the EH
was measured from the soil surface to the upper ear node. The husk cover
(HC) was rated on a scale of 1-5, where 1 indicates tightly arranged husks
extending beyond the ear tip and 5 indicates exposed husks. Ear aspect
(EASP) was visually rated on a scale of 1-5, where 1 indicates clean,
uniform, and well-filled ears, and 5 indicates small, poorly filled, and
variable ears. Grain yield was determined from ears harvested in each plot
and adjusted to 15% grain moisture content.

Striga damage ratings and Striga emergence counts were recorded
under Striga-infested conditions in addition to other traits observed under
Striga-non-infested conditions. The non-infested strips did not receive
Striga seed inoculation, and no Striga emergence or damage was observed
in those plots during the growing season. Therefore, these parameters
were not recorded. Striga damage was visually rated at 10 WAP using a
scale of 1 to 9, where 1 represented no visible damage and 9 represented
complete leaf scorching and premature plant death [18]. The number of
emerged S. hermonthica plants per plot was also counted at 10 WAP.

Statistical Analysis

Each location—year combination was considered an environment, and
the level of Striga infestation (infested and non-infested) was treated as an
experimental-conditions. Although the infested and non-infested plots
were arranged in paired strips within the same field, the two conditions
were analyzed as separate experiments because Striga infestation
substantially alters the growing environment and introduces
heterogeneous parasite pressure. Treating the two conditions as separate
environments allows a clearer evaluation of genotype performance under
both stress and non-stress conditions. Analysis of variance was performed
using linear mixed-effects models. In this model, environment, genotype,
and their interaction were treated as fixed effects, whereas replications
nested within environments and blocks nested within replications were
considered random effects. The environment was treated as a fixed effect
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because the Striga-infested and non-infested conditions represented
imposed experimental environments designed to evaluate genotype
performance under contrasting stress conditions. Line x Tester Analysis of
variance (ANOVA) was conducted using the Analysis of Genetic Designs in
R software version 5.0 [30], following the procedure described by Singh
and Chaudhary [31]. The Henderson method was used to estimate mean
squares and partition genetic variance into general and specific
combining ability components. The relative importance of additive and
non-additive gene effects was assessed using Baker’s ratio as follows:

Baker’s ratio = [2 02GCA/(0>GCA + 6%SCA)] @))

where 0?GCA = variance in the general combining ability and 0?SCA =
variance in the specific combining ability.

For each experimental condition, the best linear unbiased estimates
(BLUEs) for the 40 hybrids were obtained from a mixed-effect model using
the META-R software [32]. These BLUEs were subsequently used to
estimate Pearson correlation coefficients among grain yield and other
measured traits under both Striga-infested and non-infested conditions
using the Performance Analytics package in R. To identify maize hybrids
combining high grain yield with Striga tolerance, the Multi-trait
Genotype-Ideotype Distance Index (MGIDI) proposed by Olivoto and
Nardino [33] was applied.

RESULTS
Trait Variability among Genotypes

ANOVA conducted under both Striga-infested and non-infested
conditions revealed that the environment and genotype had significant
effects (p < 0.001-0.01) on grain yield and most measured traits. However,
the genotype x environment interaction was significant only for grain
yield under Striga-infested conditions and was not significant for any of
the traits evaluated under non-infested conditions (Table 2).

Table 2. Mean squares from the analysis of variance for some agronomic and Striga damage parameters of
maize genotypes evaluated under Striga-infested and non-infested conditions in Nigeria.

Source of Variation DF

GY

DA DS ASI PLTH EASP STRRAT2 STRCOT2

Striga-infested condition

Environment (Env) 3 7,795,694** 271.7**  242.1** 0.8 1665.1*  3.4%* 67.4%** 385.1
Genotype (Gen) 39 1,210,583*** 16.8%**  16.5*** (0.7  335.6%** (.3*** 2.3%** 260.1%***
Env x Gen 117 575,882** 5.6 6.2 0.8 160.0 0.2 1.0 101.4
Residual variance 157 326,314 4.9 5.1 0.8 121.9 0.1 1.1 79.3
Striga non-infested

Source of variation @DF GY DA DS ASI PLTH EH EASP HC
Environment (Env) 3 5,990,889* 284.3** 294.6*%* 2.9* 1971.9*%* 1,451.6* 0.8 0.6
Genotype (Gen) 39 1,528,190%** 20.8%*%*  21.9%* (0.2  443.4** 161.5 0.4%*%* 0.3

Env x Gen 117 546,771 6.0 6.5 0.2 179.2 162.5 0.2 0.3*
Residual variance 157 409,394 7.9 8.6 0.2 213.9 134.0 0.2 0.2

*, ** and *** indicate significance at the 0.05, 0.01, and 0.001 probability levels, respectively.
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Mean Performance of the Top 10 and Bottom 5 Hybrids Based on
Grain Yield Under Striga-Infested Conditions

To facilitate interpretation of genotype performance without
overloading the manuscript with extensive genotype-level detail, hybrids
were ranked based on BLUEs for grain yield under Striga-infested
conditions. While the full genotype performance is presented in Tables S1
and S2, the top-performing and lowest-performing groups were presented
in this results section to highlight performance contrasts among genotypes.
This approach is commonly used in breeding studies to summarize large
datasets while retaining biological interpretability. The grain yield (GY) of
the top 10 test hybrids ranged from 3104 kg ha?' for FAWSYN-
1/TZISTR2014 to 1152 kg ha™* for FAWSYN-2/TZISTR1121. The commercial
checks produced GYs ranging from 1519 kg ha™ for ZMS 301 (Check 7) to
3250 kg ha™ for Oba Super 9 (Check 8), with an overall mean of 2121 kg
ha™l. The Striga damage rating among the top-cross hybrids ranged from
3.7 for FAWSYN-1/TZISTR2014 to 5.8 for FAWSYN-2/TZISTR1121. Among
the commercial checks, the ratings ranged from 3.2 for Oba Super 9 (Check
8) to 6.2 for ZMS 301 (Check 7). The number of emerged Striga plants
among the top-cross hybrids ranged from 6 for FAWSYN-2/TZISTR1121 to
26 for FAWSYN-1/TZISTR2042-2, whereas the counts for the commercial
checks ranged from 7 for Oba Super 9 to 44 for ZMS 301. Under non-
infested conditions, the top 10 under Striga-infestation earlier presented
recorded GY ranging from 3853 kg ha™! for FAWSYN-1/TZISTR2014 to 1616
kg ha?' for FAWSYN-2/TZISTR1121. The commercial check hybrids
produced GYs ranging from 1669 kg ha™* for FAWSYN-2 (Check 3) to 3152
kg ha for Oba Super 11 (Check 5), with an overall mean of 2589 kg ha™
(Table 3).

Four top-cross hybrids—FAWSYN-1/TZISTR2014, FAWSYN-
2/TZISTR2014, FAWSYN-2/TZISTR2042-2, and FAWSYN-1/IITAZI2305—
ranked among the highest-yielding hybrids under Striga-infested
conditions. These hybrids combined relatively high GY with moderate
Striga damage ratings (3.7, 4.4, 4.6, and 4.7, respectively), Striga counts
ranging from 13 to 21, and yield reductions ranging from 3.2%-19.4%.
Although some lower-yielding hybrids exhibited yield reduction values
within a similar range, this pattern was not consistent across all genotypes,
indicating that grain yield under infestation and yield reduction are not
perfectly associated.

Under non-infested conditions, the hybrids FAWSYN-1/TZISTR2014,
FAWSYN-2/TZISTR2014, = FAWSYN-1/IITATZI2300, and  FAWSYN-
2/IITATZI2300 recorded the highest grain yields (3853, 3308, 3292, and
3135 kg ha™!, respectively), which were comparable to or higher than those
of the best-performing commercial checks. Conversely, FAWSYN-
2/TZISTR1121 and FAWSYN-1/TZISTR1320 were among the lowest-
performing hybrids, producing grain yields below the overall mean (1616
and 1813 kg ha!, respectively).
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Table 3. Mean grain yield and Striga damage parameters of the top 10 and bottom 5 maize hybrids ranked

based on grain yield under Striga-infested conditions across four Nigerian environments.

Hybrid Grain Yield (kg/ha) Striga Response Traits Yield Impact
Top 10 performers Infested Non-infested Striga rating  Striga count Yield Reduction (%)
FAWSYN-1/TZISTR2014 3104 3853 3.7 18 19.4
FAWSYN-2/TZISTR2014 3008 3308 44 21 9.1
FAWSYN-2/TZISTR2042-2 2515 2597 4.6 15 3.2
FAWSYN-1/IITAZ12305 2417 2917 4.7 13 17.1
FAWSYN-1/TZISTR2042-2 2285 2602 4.6 26 12.2
FAWSYN-1/TZISTR1878 2277 2432 5.0 15 6.4
FAWSYN-2/TZISTR1318 2251 2636 3.8 17 14.6
FAWSYN-2/TZISTR2042-1 2244 2522 3.9 18 11.0
FAWSYN-1/IITATZI12300 2216 3292 4.8 17 32.7
FAWSYN-2/TZISTR1869 2161 2806 4.3 17 23
Bottom Performers
FAWSYN-2/TZISTR1305 1708 1936 4.1 14 11.8
FAWSYN-1/TZISTR1318 1655 1972 4.7 13 16.0
FAWSYN-2/IITATZ12300 1591 3135 4.9 22 49.2
FAWSYN-1/TZISTR1320 1580 1813 5.3 25 12.9
FAWSYN-2/TZISTR1121 1152 1616 5.8 6 28.7
Checks
Check 8-Oba Super 9 3250 3096 3.2 7 -5.0
Check 5-Oba Super 11 2626 3152 34 16 16.7
Check 4-SAMMAZ 51 2290 2953 4.3 13 224
Check 2-FAWSYN-1 1924 2158 4.8 18 10.8
Check 6-Sammaz 24 1738 2755 5.9 29 36.9
Check 1-FAWSYN-3 1721 1842 45 15 6.6
Check 3-FAWSYN-2 1542 1669 4.9 10 7.6
Check 7-ZMS 301 1519 2480 6.2 44 38.7
Overall mean 2121 2589 4.6 17.8 17.5
LSD (p < 0.05) 764 905 1.1 10.4 -

Means differ significantly when the difference between two values exceeds the LSD at p < 0.05.

Combining the Ability Performance of the Parental Lines and the

Testers

Under Striga-infested conditions, highly significant line effects were

observed for grain yield and most of the measured traits (p < 0.001). In
contrast, the tester (GCA) effects were not significant for any of the
evaluated traits (Table 4). The line x tester interaction effect was
significant for GY (p < 0.01) and Striga count (p < 0.05). Regarding the
interaction with the environment, the environment x line GCA interaction
was significant for GY (p < 0.05) and DA (p < 0.05), whereas the
environment x tester GCA interaction was not significant for any of the
traits. The environment x SCA interaction was significant only for GY
(p <0.05). Baker’s ratio values ranged from 0.5 to 0.9, indicating a relatively
greater contribution of additive genetic effects for most traits (Figure 1).
The contribution of mean squares of GCA to the total variation among
hybrids was greater than that of SCA for most of the measured traits.
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Table 4. Line-by-tester analysis of variance for some agronomic and Striga damage parameters of 16 lines,
two testers, and 32 top-cross hybrids evaluated under Striga-infested and non-infested conditions across
Nigerian environments.

Source of Df GY DA DS ASI PLTH EASP STRRAT2 STRCOT2

Variation (kg ha™? (days) (days) (days) (cm) (1-5) (1-9)
Striga-infested condition
Line (GCA) 15 1,440,446%** 18.8%** 17.4%** 0.8 617.5%** 0.4%* 1.4 154.9*
Tester (GCA) 1 129,438 11.1 15.8 0.4 0.1 0.7* 0.5 115.8
SCA 15 536,004* 4.2 4.5 0.4 80.0 0.2 1.6 151.9*
Env x Line (GCA) 45 618,453** 7.0% 7.3 0.9 177.0 0.2 0.9 75.0
Env x Tester (GCA) 3 350,017 5.0 9.0 1.6 34.9 0.2 1.9 22.6
Env x SCA 45 459,457* 44 5.2 0.5 135.6 0.2 0.8 58.1
Residual 52 285,361 43 4.5 0.7 123.2 0.1 1.0 70.1
Baker’s ratio 0.7 0.9 0.9 0.8 0.9 0.9 0.5 0.6
Striga non-infested
Source of Df GY DA DS ASI PLTH EH HC EASP
Variation (kg ha) (days) (days) (days) (cm) (cm) (1-5) (1-5)
Line (GCA) 15 2,287,826*** 31.7%** 32.9 0.2 660.6** 189.2 0.3 0.5%*
Tester (GCA) 1 31,958 0.3 0.7 0.1 0.8 16.4 0.2 0.6
SCA 15 424,405 4.6 5.6 0.1 116.8 126.4 0.3 0.2
Env x Line (GCA) 45 559,195 6.3 7.1 0.2 167.8 170.9 0.3 0.2
Env x Tester (GCA) 3 429,474 5.5 4.8 0.0 107.0 113.1 0.1 0.3
Env x SCA 45 523,749 5.7 6.0 0.1 124.8 215.9 0.3 0.1
Residuals 52 361,045 8.9 9.3 0.2 216.3 163.0 0.2 0.2
Baker’s ratio 0.8 0.9 0.9 0.7 0.8 0.6 0.7 0.9

*, ** and *** indicate significance at probability levels of 0.05, 0.01, and 0.001, respectively.

100.00
90.00
80.00
70.00
60.00
50.00
W Non-additive
40.00
m Additive
30.00
20.00
10.00
0.00

PLTH EASP STRRAT2STRCOT2

Percent contribution

Measured Trait

Figure 1. Proportion of additive (lower bar) and non-additive (upper bar) genetic variance for GY and other
agronomic traits of 16 inbred lines involved in line x tester crosses evaluated under Striga-infested
conditions in Nigeria.

Under non-infested conditions, line (GCA) effects were highly
significant for GY and DA (p < 0.001) and significant for plant height and
ear aspect (p < 0.01). However, tester (GCA) and line x tester (SCA) effects
were not significant for the evaluated traits (Table 4). Baker’s ratio values
ranged from 0.6 to 0.9, again indicating a predominance of additive gene
effects for the traits studied (Figure 2).
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Figure 2. Proportion of additive (lower bar) and non-additive (upper bar) genetic variance for GY and other
agronomic traits of 16 inbred lines involved in line x tester crosses evaluated under non-infested conditions
across four environments in Nigeria.

General combining ability

The GCA estimates of the parental lines for GY and selected Striga-
related traits are presented in Table 5. Several lines showed positive GCA
estimates for GY under Striga-infested conditions; however, only
TZISTR2014 exhibited statistically significant effects, indicating its
potential to contribute to GY under Striga infestation. A similar pattern
was observed under non-infested conditions, where several lines
displayed positive GCA estimates, but only TZISTR2014 showed a
significant effect. For the Striga count, TZISTR1872 exhibited a significant
and desirable negative GCA estimate, indicating its potential contribution
to reducing Striga emergence. Although several lines showed negative
GCA estimates for the Striga damage rating, none of these estimates were
statistically significant.

Table 5. Effects of general combining ability on grain yield and Striga damage parameters of 16 inbred lines
and two testers evaluated under artificial Striga infestation across four environments in Nigeria.

PARENTS GY STRRAT2 STRCOT2
Infested Non-infested

TZISTR2014 1,053.5%** 1,042.0** -0.5 2.4
TZISTR2042-1 69.0 -147.7 -0.2 0.2
IITATZI12300 -129.8 549.5 0.4 2.5
IITAZI2305 39.4 273.3 0.4 0.6
TZISTR1121 -460.0 -565.6 0.3 1.0
TZISTR1129 23.0 212.3 -0.4 -0.8
TZISTR1305 -249.6 -517.2 -0.0 -4.9
TZISTR1318 -45.3 -274.8 -0.3 -0.7
TZISTR1320 -280.9 -480.6 0.4 5.4
TZISTR1869 17.3 266.7 0.0 4.3
TZISTR1872 -74.9 -169.7 0.14 -7.5%
TZISTR1878 44.1 66.7 0.1 -0.8
TZISTR2024 -160.3 159.1 -0.4 -3.9
TZISTR2042-2 398.3 21.7 0.1 5.5
TZISTR2129-1 -121.2 -401.3 -0.2 -4.1
TZISTR2129-2 -111.8 -96.0 0.0 -2.4
T1 (TESTER 1) 15.0 -30.9 -0.1 0.8
T2 (Tester 2) -13.6 23.3 0.1 -1.2

*, ** and *** indicate significance at the 0.05, 0.01, and 0.001 probability levels, respectively.
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Specific combining ability

The SCA estimates for GY and Striga-related traits are presented in
Table 6. Under Striga-infested conditions, most hybrids showed SCA
estimates that were not statistically significant for GY, indicating limited
evidence of non-additive genetic effects for this trait. However, significant
SCA estimates were observed for some Striga-related traits. For example,
the hybrid FAWSYN-1/TZISTR1121 exhibited a significant positive SCA
estimate for GY under non-infested conditions and significant SCA
estimates for Striga damage rating and Striga count under Striga-infested
conditions. Similarly, the hybrid FAWSYN-1/TZISTR1121 showed a
significant negative SCA estimate for Striga damage rating, showed a
potential contribution to reduced Striga damage. Additionally, the hybrid
FAWSYN-2/TZISTR1121 exhibited significant SCA estimates for the Striga
count. Although several other hybrids showed positive or negative SCA
estimates for the evaluated traits, these estimates were not statistically
significant.

Table 6. Estimates of the effects of specific combining ability on grain yield and Striga damage parameters
of 16 inbred lines and two testers evaluated under artificial Striga infestation across four environments in

Nigeria.
GY

Top-Cross Hybrids Infested Non-infested STRRAT2 STRCOT2
FAWSYN-1/TZISTR2014 -2.9 204.7 -0.4 -2.3
FAWSYN-1/TZISTR2042-1 -279.8 -207.2 0.1 -1.9
FAWSYN-1/IITATZI2300 319.7 146.6 -0.1 -1.6
FAWSYN-1/IITAZI2305 230.2 52.5 -0.4 -3.2
FAWSYN-1/TZISTR1121 278.8 354.9* -0.7* 10.3%**
FAWSYN-1/TZISTR1129 15.6 -74.2 0.1 1.0
FAWSYN-1/TZISTR1305 -23.4 79.6 0.1 -2.6
FAWSYN-1/TZISTR1318 -269.4 -214.6 0.5 -0.7
FAWSYN-1/TZISTR1320 -189.5 -151.6 0.4 4.8
FAWSYN-1/TZISTR1869 -195.4 50.7 0.4 0.6
FAWSYN-1/TZISTR1872 -101.3 145.6 0.4 -0.7
FAWSYN-1/TZISTR1878 191.3 -114.9 -0.1 -0.3
FAWSYN-1/TZISTR2024 385 61.0 -0.5 -2.8
FAWSYN-1/TZISTR2042-2 -139.0 -1.3 0.1 3.9
FAWSYN-1/TZISTR2129-1 60.0 92.8 -0.1 0.9
FAWSYN-1/TZISTR2129-2 55.8 -363.1* 0.2 -2.1
FAWSYN-2/TZISTR2014 1.6 -197.0 0.4 2.7
FAWSYN-2/TZISTR2042-1 278.5 214.9 -0.1 2.3
FAWSYN-2/IITATZI2300 -321.0 -139.0 0.1 2.0
FAWSYN-2/IITAZI2305 -231.6 -44.9 0.4 3.6
FAWSYN-2/TZISTR1121 -280.1 -347.2* 0.7* -9.9*
FAWSYN-2/TZISTR1129 -17.0 81.9 -0.1 -0.6
FAWSYN-2/TZISTR1305 221 -71.9 -0.1 3.0
FAWSYN-2/TZISTR1318 268.1 222.2 -0.5 1.1
FAWSYN-2/TZISTR1320 188.1 159.3 -0.4 -4.4
FAWSYN-2/TZISTR1869 194.1 -43.0 -04 -0.2
FAWSYN-2/TZISTR1872 99.9 -137.9 -0.4 1.1
FAWSYN-2/TZISTR1878 -192.7 122.6 0.1 0.7
FAWSYN-2/TZISTR2024 -39.8 -53.3 0.5 3.2
FAWSYN-2/TZISTR2042-2 137.6 9.0 -0.1 -3.5
FAWSYN-2/TZISTR2129-1 -61.4 -85.1 0.1 -0.5
FAWSYN-2/TZISTR2129-2 -57.2 370.8* -0.2 2.5

* and *** indicate significance at the 0.05, 0.01, and 0.001 probability levels, respectively.
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Selection of Outstanding Top-Cross Hybrids with Striga Tolerance
Using MGIDI

The measured traits were grouped into two factors based on the MGIDI
analysis. The first factor (FA1) was associated with plant height (PLTH),
Striga damage rating (STRRAT2), EASP, and grain yield (GY), whereas the
second factor (FA2) was mainly associated with Striga count (STRCOT?2).
MGIDI analysis predicted desirable genetic gains for all evaluated traits
relative to the ideotype. The predicted selection gain was 35.28% for traits
targeted for increase and -36.08% for traits targeted for reduction (Table
7). Six genotypes were identified as superior based on the MGIDI index
using a selection intensity of 15%. These included four newly developed
top-cross hybrids and two commercial check hybrids, namely, Oba Super
9 (Check 8) and Oba Super 11 (Check 5) (Figure 3). Among the selected
hybrids, three were derived from crosses involving FAWSYN-1.

Table 7. Factorial loadings and predicted genetic gains of 32 top-cross hybrids and 8 commercial checks

based on the MGIDI.

Traits Factor Xo Xs Predicted Gain Sense Goal
Plant height FA1l 118.43 125.47 5.95 increase 100
Striga rating FAl 4.56 3.88 -14.82 decrease 100
Ear aspect FA1 2.63 2.37 -9.93 decrease 100
Grain yield FA1 2,032.40 2,628.49 29.33 increase 100
Striga count FA2 16.53 14.55 -11.93 decrease 100

FA1 = factor analysis 1; FA2 = factor analysis 2; Xo = population mean before selection; Xs = population mean of the

selected individuals.

Multi-trait genotype-ideotype distance index

Genotypes

@ Nonselected @ Selected

Figure 3. View of the selected (green dots) and non-selected (red dots) hybrids based on the multi-trait
genotype-ideotype distance index. The lower the MGIDI of a genotype on the left side of the graph, the closer
the genotype is to an ideotype. The green circle is the cut-off MGIDI value that determines the genotype to
be selected based on the individual MGIDI estimate.
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The four best-performing top-cross hybrids identified using the MGIDI
index were FAWSYN-1/TZISTR2014, FAWSYN-1/TZISTR2024, FAWSYN-
2/TZISTR1318, and FAWSYN-1/IITAZI2305. These hybrids combine
desirable levels of grain yield with improved Striga infestation tolerance.
The MGIDI results also revealed the selected hybrids’ strengths and
weaknesses (Figure 4). The proportion of each factor contributing to the
MGIDI value indicated the traits that influenced the performance of

individual hybrids.

The hybrids FAWSYN-1/TZISTR2014 (H1) and Oba Super 9 (H40)
showed strengths associated with FA1, including plant height, Striga
damage rating, ear aspect, and GY. In contrast, hybrids FAWSYN-
1/IITAZ12305 (H4), FAWSYN-2/TZISTR1318 (H24), FAWSYN-1/TZISTR2024
(H13), and Oba Super 11 (H37) were strongly associated with FA2, which
was primarily related to the Striga count (Table 7 and Figure 4).

Genotype

FAWSYN-1/TZISTR2014
FAWSYN-1/IITAZI2305
FAWSYN-1/TZISTR2024
FAWSYN-2/TZISTR1318
Check 5-Oba Super 11
Check 8-Oba Super 9

Strengths and weaknesses of the selected genotypes Entries Code
1 H1
20 H4 H40 4 H4

13 H13

_ 40

o} 24 H24

Q60

f ¥ 37 H37

S8 , \ 40 H40

T H < o H37

S N ’

::9-; S I,

T AN NN v S

o

H13 H1

Fa1 [ Fa2

Figure 4. Radar plot showing the strengths and weaknesses of the hybrids selected by MGIDI. Red and green
represent the two factors, respectively, and the factor protruding the most from the genotype is indicated

as the genotype strength.

Correlations among Traits under Striga-Infested and non-Infested

Conditions

Figure 5A shows the relationships among traits under Striga-infested
conditions. GY was strongly positively correlated with plant height
(r = 0.88%) but significantly negatively correlated with Striga damage
rating (r = -0.97**) and ear aspect (r = -0.99**). Plant height was also
negatively correlated with ear aspect (r = -0.90%), indicating that taller
plants tended to produce ears with better visual quality. Furthermore, the
Striga damage rating was positively correlated with ear aspect (r = 0.94**),
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suggesting that higher levels of Striga damage were associated with poorer
ear quality.

Under non-infested conditions (Figure 5B), GY was positively and
significantly correlated with plant height (r = 0.93**) but negatively
correlated with ear aspect (r = -0.97**) and husk cover (r = -0.90*). These
relationships indicate that plant architecture and ear characteristics play
important roles in determining GY performance under both stress and
non-stress conditions.

(A)
-02 06 -05 05 -05 05
I 0 O ] ) 106 £ =f s L1 1 o
4 e we g I
| o |0.88|-0.97| o= |-0.99F .,
= 6
s S| '
— -0.53 0.13 -0.20 0.22
g :- » & '.hUlIi \ IZF ()
' A AR L N | ‘—
. — ; ‘ -0.79 | == [-0.90 L
=) il s e ok
A < .. : - 3 STB Lo e !
w ] e b % I 052 |0.94
Q@ 7 v A e v ®
! ST;T(?M =
: . ] ‘: - O. L . . . ’/ A 034 : o
o S . o e - . . ]7-: m = - S
: « » o oo o ® »> 7 1 :
u') J
o L P .
8 | L L [ 1 IFTTTTT
-05 05 05 05 00 06
(B)
-02 06 -02 086 -05 05
Y N Y L 1 |1 I o
5 e # s |
05 |0.93| o= |-090|-097| .
oo — L B CI:
o 3 |
= % 045 | -054 | 058 | 042
g = \1—_:_ - L =
' o \\ IH * * | *
,,,r’f’ - \\\ Jy 0.09 '0.90 -0.91 —
\ o Ty]
= 2= I O LA Y o H <
= & p ¢ % 0.33 0.22
g _._‘r"- \or—oq_.q_.‘__ les’ = . m\ &5
- s = | it
T o 74 \h_"x,_ C\\ —
1\L . ,; L 1._ B ) f./l_l 0_86 B
2> [ .- " P L = w— — O
_\-‘ _’,“H‘-h_ LIS // Tl Ab\ J
- o ._“\-.x i _,-" " o‘x-- ._l. _“. ’.f - —“\\
o ., s e I!-""'-l [
' T T 1 I T I | I I I
05 035 05 05 05 05

Figure 5. Correlation matrix showing the relationships between grain yield and selected agronomic and
Striga-related traits. (A) Striga-infested conditions, (B) Non-infested conditions. In both graphs, the upper-
right triangle displays Pearson correlation coefficients, with asterisks indicating statistical significance
(*p £0.05, **p < 0.01, ***p < 0.001). The diagonal panels display the traits and their distributions. The lower-
left triangle shows scatter plots with fitted trend lines illustrating the traits’ pairwise relationships.
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DISCUSSION

This study evaluated the genetic basis of GY and Striga hermonthica
resistance in maize top-cross hybrids in both Striga-infested and non-
infested environments in Nigeria. The results provide insights into the
magnitude of genetic variability, the relative importance of additive and
non-additive gene effects, and the performance of parental lines and
hybrids under contrasting conditions. Understanding these genetic
mechanisms is essential for identifying superior parental lines and
developing high-yielding maize hybrids in SSA with improved tolerance to
Striga infestation.

The significant effects of environment and genotype on GY and most
measured traits under both Striga-infested and non-infested conditions
indicate substantial genetic variability among the evaluated maize
hybrids. Such variability is essential for effective selection and genetic
improvement in breeding programs. Previous studies evaluating maize
genotypes in Striga-infested and non-infested environments have
reported similar findings [34,35]. The significant genotype x environment
interaction observed for GY under Striga-infested conditions suggests that
environmental factors influenced hybrid performance. This indicates that
the relative performance of hybrids may vary across test locations,
emphasizing the importance of multi-environment evaluation when
identifying stable and high-yielding hybrids. Previous studies have
reported comparable observations on maize performance under Striga
infestation [34,36]. In contrast, the absence of significant genotype x
environment interaction for Striga damage rating and Striga emergence
count suggests that these traits were relatively stable across environments
and were largely controlled by genetic factors. Akinwale et al. [37]
reported similar results, although some other studies [28,38,39] have
documented significant environmental effects for these traits.

The significant GCA effects observed for most traits under both
experimental conditions indicate that additive gene effects played a major
role in controlling GY and related traits. Although both additive and non-
additive gene effects contributed to trait inheritance, GCA had a larger
contribution than SCA, suggesting that additive gene action was
predominant in determining hybrid performance. These findings agree
with previous reports indicating that additive gene effects are particularly
important for GY and Striga-related traits in tropical maize germplasm
[40-42]. The significant interaction between environment and GCA for
several traits under Striga-infested conditions indicates that the parental
lines’ ability to combine varied across environments. This highlights the
importance of evaluating breeding materials across multiple
environments to identify stable and broadly adapted parental lines and
hybrids. However, the SCA x environment interaction was not significant
for most traits except GY under Striga-infested conditions. This suggests
that non-additive gene effects were relatively stable across environments
for most traits. The higher contribution of GCA relative to SCA for GY,
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Striga damage rating, Striga count, and other measured traits across
environments further supports the predominance of additive gene effects.
However, the estimated GCA effects should be interpreted primarily in
relation to the specific testers employed rather than as definitive
indicators of general combining ability across a broader range of genetic
backgrounds because only two testers were used in this study. This
observation is consistent with earlier studies that reported additive gene
action as the major genetic component controlling yield and stress
tolerance traits in tropical maize germplasm [24,43]. However, these
results differ from those of other studies that reported a stronger influence
of non-additive gene effects in the inheritance of host plant damage caused
by Striga infestation [34,44-46]. Such differences may arise from
variations in genetic backgrounds, environmental conditions, and
experimental materials used in different studies.

Understanding combining ability and gene action -controlling
important agronomic traits is essential for designing effective breeding
strategies. Combining ability analysis enables breeders to identify
superior parental lines and select appropriate hybrid combinations for
crop improvement [47,48]. In this study, several inbred lines exhibited
favorable effects of GCA on GY under both Striga-infested and non-infested
conditions, although not all showed statistically significant effect. Among
these inbreds, TZISTR2014 in particular showed positive and significant
GCA effects on GY across both conditions, indicating that this line
possesses favorable alleles for improving yield performance. Similarly, the
TZISTR1872 parental line exhibited desirable negative GCA effects on the
Striga emergence count. Therefore, this line represents a valuable genetic
resource for improving Striga resistance and tolerance in maize breeding
programs. Previous studies evaluating the combining ability of maize
inbred lines under Striga-infested conditions reported similar
observations [49,50]. Specific combining ability reflects the performance
of particular cross combinations and is primarily associated with non-
additive genetic effects, such as dominance and epistasis [51]. In this study,
several top-cross hybrids exhibited positive SCA effects on GY under
Striga-infested conditions. Among these hybrids, FAWSYN-1/IITATZI2300
and FAWSYN-1/IITAZ12305 also showed desirable negative SCA effects for
Striga damage rating and Striga count, suggesting their potential
suitability for cultivation in Striga-prone environments.

Improving maize performance under Striga infestation requires the
simultaneous consideration of several agronomic and stress-related traits.
In Striga-prone environments, superior genotypes are expected to
combine high GY with reduced Striga emergence count, lower damage
ratings, and desirable plant architecture that supports productivity under
stress. Such a combination of traits represents an ideal plant type or
ideotype for maize production in Striga-infested environments. Ideotype-
based breeding provides a useful framework for selecting genotypes that
integrate multiple desirable characteristics associated with yield potential
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and S. hermonthica tolerance. Because these traits are often genetically
and physiologically interconnected, multi-trait selection approaches are
particularly valuable for identifying hybrids that best approximate the
target ideotype. The application of the MGIDI index allowed the
simultaneous selection of hybrids with high GY and improved tolerance to
Striga infestation. The MGIDI approach is increasingly used in plant
breeding because it integrates multiple traits into a single selection index,
enabling breeders to identify genotypes that approach the desired
ideotype [52]. The identification of six superior hybrids using MGIDI
analysis demonstrates the usefulness of this method for selecting
genotypes with balanced performance across multiple traits. Among the
selected hybrids, FAWSYN-1/TZISTR2014 exhibited reduced Striga
emergence, suggesting the presence of favorable alleles associated with
resistance mechanisms that limit parasite establishment. In contrast,
FAWSYN-1/IITAZI12305, FAWSYN-1/TZISTR2024, and FAWSYN-
2/TZISTR1318 were associated with improved GY, plant height, and
reduced Striga damage, indicating their potential as promising hybrids for
cultivation in Striga-infested environments.

Trait correlation analysis further provided useful insights into the
relationships between agronomic and Striga-related traits. The strong
negative correlations observed between GY and Striga damage rating
indicate that higher levels of Striga infestation increased yield losses. In
particular, GY showed a strong positive correlation with plant height and
a strong negative correlation with Striga damage rating and ear aspect,
indicating that plant vigor and reduced Striga damage were important
contributors to improved yield performance under Striga-infested
conditions. Previous studies evaluating maize performance under Striga
stress have reported similar relationships [8,45,49,53]. These findings
confirm that Striga damage rating is an important indicator trait that can
be used in the selection of maize genotypes with improved tolerance to
Striga infestation. GY was also positively correlated with plant height
under both Striga-infested and non-infested conditions, suggesting that
plant vigor may contribute to improved productivity under stress
environments. Similar positive relationships between plant height and GY
have been reported in maize breeding studies [49,54].

CONCLUSIONS

This study revealed substantial genetic variability among the evaluated
maize top-cross hybrids in both Striga-infested and non-infested
environments. The predominance of effects of general combining ability
(GCA) effects for most traits suggested that additive gene action
contributed significantly to the inheritance of GY and Striga-related traits.
Although only TZISTR2014 was statistically significant for GY among the
lines, it represents a potentially useful genetic resource for hybrid
development. However, these combining ability estimates should be
interpreted primarily in relation to the specific testers used because the
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evaluation involved only two testers and may require validation across a
broader set of testers before general conclusions about combining ability
can be made. Similarly, TZISTR1872 displayed negative and significant
GCA estimates for the Striga count, suggesting its potential usefulness as a
source of resistance or tolerance, although further validation is required.
Trait correlation analysis further indicated that GY was positively
associated with plant height and negatively associated with Striga damage
rating, highlighting the importance of plant vigor and reduced parasite
damage for improving maize productivity under Striga-infested
conditions. The MGIDI-based multi-trait selection identified four
promising  top-cross  hybrids—FAWSYN-1/TZISTR2014, @ FAWSYN-
1/TZISTR2024, FAWSYN-2/TZISTR1318, and FAWSYN-1/IITAZI2305—that
combined high GY with improved Striga infestation tolerance. These
hybrids represent promising candidates for further evaluation and
deployment in Striga-prone environments. Furthermore, they can serve as
valuable source populations for extracting new inbred lines and
developing improved maize hybrids in SSA with enhanced productivity
and Striga resistance.

SUPPLEMENTARY MATERIALS

The following supplementary materials are available online, Table S1:
Mean grain yield and other agronomic parameters of 40 hybrids
comprising 32 topcrosses and 8 commercial checks evaluated under
Striga-infested conditions across four environments in Nigeria; Table S2:
Mean grain yield and other agronomic parameters of 40 hybrids
comprising 32 topcrosses and 8 commercial checks evaluated under non-
infested conditions across four environments in Nigeria.

DATA AVAILABILITY
The raw data from this study are available upon request from the
corresponding author.

AUTHOR CONTRIBUTIONS

Conceptualization, YK, WM, SM, AA, and AM; methodology, YK, WM, SM,
and AM; validation, YK, WM, SM, AA, and AM; formal analysis, YK, ISA;
investigation, YK; data curation, YK; writing—original draft preparation,
YK; writing—review and editing, YK, WM, SM, AA, ISA, AM and ]D;
supervision, AA and WM.

CONEFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics

20 of 24

FUNDING

This work is part of a PhD project of the first author, funded by the

African Union through the Pan African University. The work is also partly
funded by the Bill and Melinda Gates Foundation (Grant number:
OPP1134248), under the framework of the Accelerated Genetic Gains in
Maize and Wheat (AGG) Project.

ACKNOWLEDGMENTS

The authors are grateful to the staff of the Maize Improvement Program

at IITA in Ibadan, Nigeria, for their technical support.

REFERENCES

1.

Tagne A, Feujio TP, Sonna C. Essential oils and plant extracts as potential
substitutes to synthetic fungicides in the control of fungi. Proceedings of the
1st International Conference on Diversifying Crop Protection, 2008 Oct 12-15;
La Grande-Motte, France. p. 12-5.

Tembo L, Asea G, Gibson PT, Okori P. Assessment of Uganda’s farmers’
perception and knowledge on maize cob rots towards breeding for resistance.
] Agric Crops. 2016;2(1):1-8.

Patel K, Gami RA, Kugashiya KG, Chauhan RM, Patel RN, Patel RM. Gene action
and combining ability analysis for kernel yield and its attributing traits in
maize [Zea mays (L.)]. Electron ] Plant Breed. 2019;10(2):370. doi:
10.5958/0975-928X.2019.00047.4

Mustafa HSB, Aslam M, Hasan EU, Hussain F, Farooq J. Genetic variability and
path coefficient in maize (Zea mays L.) genotypes. ] Agric Sci. 2014;9(1):37-43.
doi: 10.4038/jas.v9i1.6352

Badu-Apraku B, Adu GB, Yacoubou AM, Toyinbo J, Adewale S. Gains in genetic
enhancement of early maturing maize hybrids developed during three
breeding periods under Striga-infested and Striga-free environments.
Agronomy. 2020;10(8):1188. doi: 10.3390/agronomy10081188

Badu-Apraku B, Fakorede MAB, Oyekunle M, Yallou GC, Obeng-Antwi K,
Haruna A, et al. Gains in grain yield of early maize cultivars developed during
three breeding eras under multiple environments. Crop Sci. 2015;55(2):527-
39. doi: 10.2135/cropsci2013.11.0783

Kroschel J. Analysis of the Striga problem, the first step towards future joint
action. In: Kroschel J, Mercer-Quarshie H, Sauerborn J, editors. Advances in
Parasitic Weed Control at On-farm Level. Vol. I. Joint Action to Control Striga
in Africa. Weikersheim (Germany): Margraf Verlag; 1999. pp. 3-25.

Kim SK, Adetimirin VO, The C, Dossou R. Yield losses in maize due to Striga
hermonthica in West and Central Africa. Int ] Pest Manage. 2002;48(3):211-7.
doi: 10.1080/09670870110117408

Akobundu IO. Integrated weed management for Striga control in cropping
systems in Africa. Ibadan (Nigeria): IITA; 1991. p. 122-5.

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics

21 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Eplee RE, Westbrooks RG, Norris RS. Chemical control of Striga. 1991.
Available from: https://api.semanticscholar.org/CorpusID:82147525. Accessed
on 2026 Jan 30.

Egley GH, Eplee RE, Norris RS. Discovery and development of ethylene as a
witchweed seed germination stimulant. Eaton (CO, US): Monograph-series-of-
the-Weed-Science-Society-of-America; 1990. p. 56-67.

Kim SK, Adetimirin VO. Responses of tolerant and susceptible maize varieties
to timing and rate of nitrogen under Striga hermonthica infestation. Agron J.
1997;89(1):38-44. doi: 10.2134/agronj1997.00021962008900010006x

Parker C. Protection of crops against parasitic weeds. Crop Prot. 1991;10(1):6-
22. doi: 10.1016/0261-2194(91)90019-N

Kling ], Fajemisin ], Badu-Apraku B, Diallo A, Menkir A, Melake-Berhan A.
Striga resistance breeding in maize. Proceedings of a Workshop on Breeding
for Striga Resistance in Cereals; 1999 Aug 16-20; IITA, Ibadan, Nigeria.
Weikersheim (Germany): Margraf Verlag; 2000. p. 103-18.

Ramaiah KV. Breeding cereal grains for resistance to witchweed. In:
Musselman L], editor. Parasitic Weeds in Agriculture. Boca Raton (FL, US):
CRC Press; 1987. pp. 227-42.

Badu-Apraku B, Akinwale RO. Cultivar evaluation and trait analysis of
tropical early maturing maize under Striga-infested and Striga-free
environments. Field Crops Res. 2011;121(1):186-94. doi:
10.1016/j.fcr.2010.12.011

Samejima H, Babiker AG, Mustafa A, Sugimoto Y. Identification of Striga
hermonthica-resistant upland rice varieties in Sudan and their resistance
phenotypes. Front Plant Sci. 2016;7:634. doi: 10.3389/fpls.2016.00634

Kim SK. Genetics of maize tolerance of Striga hermonthica. Crop Sci.
1994;34(4):900-7. doi: 10.2135/cropsci1994.0011183X003400040012x
Rodenburg J, Cissoko M, Kayongo N, Dieng I, Bisikwa J, Irakiza R, et al. Genetic
variation and host-parasite specificity of Striga resistance and tolerance in
rice: the need for predictive breeding. New Phytol. 2017;214(3):1267-80. doi:
10.1111/nph.14451

Kim SL. Breeding maize for Striga tolerance and the development of a field
infestation technique. Ibadan (Nigeria): IITA; 1991.

DeVries J. The inheritance of Striga reactions in maize. Proceedings of a
Workshop on Breeding for Striga Resistance in Cereals; 1999 Aug 16-20; IITA,
Ibadan, Nigeria; 2000. p. 73-84.

Haussmann BIG, Hess DE, Reddy BVS, Mukuru SZ, Kayentao M, Welz HG, et
al. Pattern analysis of genotype x environment interaction for Striga
resistance and grain yield in African sorghum trials. Euphytica.
2001;122(2):297-308. doi: 10.1023/A:1012909719137

Pierce S, Mbwaga AM, Press MC, Scholes JD. Xenognosin production and
tolerance to Striga asiatica infection of high-yielding maize cultivars. Weed
Res. 2003;43(2):139-45. doi: 10.1046/j.1365-3180.2003.00325.x

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics

22 of 24

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Badu-Apraku B, Oyekunle M, Fakorede MAB, Vroh I, Akinwale RO,
Aderounmu M. Combining ability, heterotic patterns, and genetic diversity of
extra-early yellow inbreds under contrasting environments. Euphytica.
2013;192(3):413-33. doi: 10.1007/s10681-013-0876-4

Talabi AO, Badu-Apraku B, Fakorede MAB. Genetic variances and
relationships among traits of an early maturing maize population under
drought-stress and low nitrogen environments. Crop Sci. 2017;57(2):681-92.
doi: 10.2135/cropsci2016.03.0177

Badu-Apraku B, Fakorede MA. Advances in Genetic Enhancement of Early
and Extra-early Maize for Sub-Saharan Africa. Cham (Switzerland): Springer;
2017.

Oyekale SA, Badu-Apraku B, Adetimirin VO. Combining ability of extra-early
biofortified maize inbreds under Striga infestation and low soil nitrogen.
Crop Sci. 2020;60(4):1925-45. doi: 10.1002/csc2.20195

Abu P, Badu-Apraku B, Ifie BE, Tongoona P, Ribeiro PF, Obeng-Bio E, et al.
Genetics of extra-early-maturing yellow and orange quality protein maize
inbred and derived hybrids under low soil nitrogen and Striga infestation.
Crop Sci. 2021;61(2):1052-72. doi: 10.1002/csc2.20384

Annor B, Badu-Apraku B, Nyadanu D, Akromah R, Fakorede MA. Testcross
performance and combining ability of early maturing maize inbreds under
multiple-stress environments. Sci Rep. 2019;9(1):13809.

Rodriguez FJ, Alvarado G, Pacheco A, Crossa J, Burguefio J. AGD-R (Analysis of
Genetic Designs in R) (Version 5.0). Texcoco (Mexico): CIMMYT; 2018.

Singh RK, Chaudhary BD. Biometrical Methods in Quantitative Genetics
Analysis. Delhi (India): Kalyani Publishers; 1981.

Alvarado G, Lépez M, Vargas M, Mateo-Pacheco A, Rodriguez F, Burguefio ],
et al. META-R (multi-environment trail analysis with R for Windows) version
6.04. Texcoco (Mexico): CIMMYT; 2015.

Olivoto T, Nardino M. MGIDI: Toward an effective multivariate selection in
biological experiments. Bioinformatics. 2021;37(10):1383-9.

Badu-Apraku B, Oyekunle M, Akinwale RO, Lum AF. Combining ability of
early-maturing white maize inbreds under stress and nonstress
environments. Agron J. 2011;103(2):544-57.

Menkir A, Franco J, Adpoju A, Bossey B. Evaluating consistency of resistance
reactions of open-pollinated maize cultivars to Striga hermonthica (Del.)
Benth under artificial infestation. Crop Sci. 2012;52(3):1051-60.

Akaogu IC, Badu-Apraku B, Gracen V, Tongoona P, Gedil M, Unachukwu N, et
al. Genetic diversity and inter-trait relationships among maize inbreds
containing genes from Zea diploperennis and hybrid performance under
contrasting environments. Agronomy. 2020;10(10):1478. doi:
10.3390/agronomy10101478

Akinwale RO, Badu-Apraku B, Fakorede MAB. Evaluation of Striga-resistant
early maize hybrids and test locations under Striga-infested and Striga-free
environments. Afr Crop Sci J. 2013;21(1):1-19.

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics

23 of 24

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Menkir A, Adetimirin VO, Yallou CG, Gedil M. Relationship of genetic diversity
of inbred lines with different reactions to Striga hermonthica (Del.) Benth and
the performance of their crosses. Crop Sci. 2010;50(2):602-11.

Makinde SA, Badu-Apraku B, Ariyo OJ, Porbeni JB. Combining ability of extra-
early maturing pro-vitamin A maize (Zea mays L. inbred lines and
performance of derived hybrids under Striga hermonthica infestation and
low soil nitrogen. PLoS One. 2023;18(2):e0280814.

Badu-Apraku B, Yallou CG, Oyekunle M. Genetic gains from selection for high
grain yield and Striga resistance in early maturing maize cultivars of three
breeding periods under Striga-infested and Striga-free environments. Field
Crops Res. 2013;147:54-67.

Akinwale RO, Badu-Apraku B, Fakorede MAB, Vroh-Bi I. Heterotic grouping
of tropical early-maturing maize inbred lines based on combining ability in
Striga-infested and Striga-free environments and the use of SSR markers for
genotyping. Field Crops Res. 2014;156:48-62.

Ifie BE, Badu-Apraku B, Gracen V, Danquah EY. Genetic analysis of grain yield
of IITA and CIMMYT early-maturing maize inbreds under Striga-infested and
low-low-soil-nitrogen environments. Crop Sci. 2015;55(2):610-23.
Badu-Apraku B, Oyekunle M. Genetic analysis of grain yield and other traits
of extra-early yellow maize inbreds and hybrid performance under
contrasting environments. Field Crops Res. 2012;129:99-110.

Gethi JG, Smith ME. Genetic responses of single crosses of maize to Striga
hermonthica (Del) Benth. and Striga asiatica (L.) Kuntze. Crop Sci
2004;44(6):2068.

Yallou CG, Menkir A, Adetimirin VO, Kling JG. Combining ability of maize
inbred lines containing genes from Zea diploperennis for resistance to Striga
hermonthica (Del.) Benth. Plant Breed. 2009;128(2):143-8.

Badu-Apraku B, Fakorede MAB, Gedil M, Talabi AO, Annor B, Oyekunle M, et
al. Heterotic responses among crosses of IITA and CIMMYT early white maize
inbred lines under multiple stress environments. Euphytica. 2015;206(1):245-
62. doi: 10.1007/s10681-015-1506-0

Kumari J, Dikshit HK, Singh B, Singh D. Combining ability and character
association of agronomic and biochemical traits in pea (Pisum sativum L.). Sci
Hortic. 2015;181:26-33.

Rahimi M, Rabiei B, Samizadeh H, Kafi GA. Combining ability and heterosis in
rice (Oryza sativa L.) cultivars. ] Agr Sci Technol. 2010;12(2):223-31.
Badu-Apraku B, Oyekunle M, Akinwale RO, Aderounmu M. Combining ability
and genetic diversity of extra-early white maize inbreds under stress and
nonstress environments. Crop Sci. 2013;53(1):9-26. doi:
10.2135/cropsci2012.06.0381

Lobulu J, Shimelis H, Laing MD, Mushongi AA, Shayanowako AIT. Progeny
testing of maize (Zea mays) genotypes for grain yield and yield components,
Striga resistance and Fusarium oxysporum f. sp. strigae compatibility. Plant
Breed. 2023;142(3):284-99. doi: 10.1111/pbr.13087

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



Crop Breeding, Genetics and Genomics 24 of 24

51. Sibiya ], Tongoona P, Derera J, van Rij N. Genetic analysis and genotype x
environment (G x E) for grey leaf spot disease resistance in elite African maize
(Zea mays L.) germplasm. Euphytica. 2012;185(3):349-62. doi: 10.1007/s10681-
011-0466-2

52. Singamsetti A, Zaidi PH, Seetharam K, Vinayan MT, Olivoto T, Mahato A, et al.
Genetic gains in tropical maize hybrids across moisture regimes with multi-
trait-based index selection. Front Plant Sci. 2023;14:1147424. doi:
10.3389/fpls.2023.1147424

53. Zebire D, Menkir A, Adetimirin V, Mengesha W, Silvestro M, Gedil M. Testcross
performance of Striga-resistant maize inbred lines and testers with varying
levels of Striga reaction. CABI Agric Biosci. 2024;5(1):34. doi: 10.1186/s43170-
024-00239-w

54. Badu-Apraku B, Talabi AO, Ifie BE, Chabi YC, Obeng-Antwi K, Haruna A, et al.
Gains in grain yield of extra-early maize during three breeding periods under
drought and rainfed conditions. Crop Sci. 2018;58(6):2399-412. doi:
10.2135/cropsci2018.03.0168

How to cite this article:

Kuku Y, Abe A, Meseka S, Menkir A, Adejumobi II, Derera ], Mengesha W. Genetic Basis of Yield and Striga Resistance
in Infested and Non-Infested Maize Hybrids. Crop Breed Genet Genom. 2026;8(2):e260013.
https://doi.org/10.20900/cbgg20260013.

Crop Breed Genet Genom. 2026;8(2):e260013. https://doi.org/10.20900/cbgg20260013



