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Abstract

Striga hermonthica, causes up to 100% vyield loss in maize production
in sub-Saharan Africa. Developing Striga resistant maize cultivars could be a
major component of integrated Striga management strategies. This study aims
at assessing the agronomic performance of S; breeding lines in improving
maize for Striga resistance. Two hundred S; lines have been evaluated under
artificial infestation Striga and Striga-free conditions in Benin for two years
during 2018 and 2019 growing seasons using alpha-lattice design (51 x 4) with
two replicates. Twelve agro-morphological and Striga adaptive traits have
been assessed. The tested lines have displayed high genetic variability for most
agronomic and Striga adaptive traits. The S; lines exhibited high grain yield
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than their parents with averages of 2,552.72+593 kg ha™ and 2,965.67+635.86
kg hal under Striga artificial infestation and Striga-free conditions,
respectively. Grain yield has displayed high positive and significant genetic
and phenotypic correlations with ears per plant and high negative correlations
with days to 50% silking, ears aspect, and Striga damage rating at 8 and 10
weeks after planting (WAP). Useful traits like ears per plant, days to 50%
silking, ears aspect, number of emerged Striga plants and Striga rating at 10
WAP could assist for indirect selection under Striga conditions. Based on the
selection index, a total of 15 S; lines have been identified as top ranking and
can be used as sources of resistance or tolerance genes to Striga and further
improvement in maize breeding in future.

Keywords: Recurrent Selection, Striga Hermonthica, Benin, Maize

Introduction

Maize, (Zea mays, L) is one of the most important cereal crops grown
in Sub-Saharan Africa (SSA). This crop is gaining momentum compared to
other cereals, both in terms of production volume and used for human
consumption and animal feed (Sangaré et al.,2018). In Benin, 1,470,250 ha of
maize has been produced with an average yield of 1.07 t/ha (MAEP, 2020).
With such performance in yield, Benin has the lowest productivity among the
West African countries producing maize (FAO, 2020). Among the major
constraints affecting maize productivity in this country, drought, low soil
fertility and parasitic weeds known as Striga hermonthica are the most
widespread stresses affecting maize production (Batamoussi et al.,2014;
Badu-Apraku and Fakorode, 2017; Amogou et al.,2018). S. hermonthica is a
root hemiparasitic plant that invades its host and extracts water added to
essential nutrients from it. Consequently, the host becomes stunted, wilted,
chlorotic, poorly yielded, and in severe cases, dies (Gurney et al.,1999;
Stanley et al.,2020). In Benin, particularly in the northern part and under
unfavorable environmental conditions, grain yield losses due to S.
hermonthica range from 60 to 90% in maize genotypes (Kim et al.,2002;
Toukourou et al.,2004). In severe cases the Northern part conditions such as
low soil fertility, erratic rainfall patterns and low-input conditions, the grain
yield losses can be as high (100%) for susceptible maize cultivars (Menkir et
al.,2006; Badu-Apraku et al.,2010a). An integrated approach including use
planting of resistant varieties, in combination with other control measures
(fertilizer, crop rotation, intercropping with legumes) is considered as a viable
approach to control Striga spp. for better maize yields in SSA (Kanampiu et
al.,2018).

The extent to which S. hermonthica affects the growth of its host varies
tremendously with level of host plant resistance/tolerance, infestation severity,
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and the prevailing environmental conditions (Kamara et al.,2020). Resistance
to Striga denotes the capability of the host plant to induce the germination of
Striga seeds but prevents the parasite from impacting the roots of the maize
plants or kills the attached parasite (Badu-Apraku et al.,2020a). Under S.
hermonthica infestation, the resistant genotype supports considerably Striga
plants and produces a greater yield than the susceptible genotype (Ejeta et
al.,1992; Haussmann et al.,2001). In contrast, a Striga tolerant genotype
allows high Striga infestation as a susceptible genotype (DeVries, 2000), but
produces more dry matter and shows fewer damage symptoms (Kim et
al.,1994). Striga damage in maize is used as the indicator of tolerance while
emerged Striga plants are an indicator of resistance (Adewale et al.,2020).
Therefore, the development of maize genotypes that combine outstanding
levels of resistance and tolerance are a promising breeding strategy which has
been recommended for Striga resistance breeding in several studies
(Kim,1991; Pierce et al.,2003). Efforts have been deployed at the International
Institute of Tropical Agriculture (IITA), to develop maize genotypes,
including inbred lines, S: lines, hybrids, etc. combining both Striga tolerance
and resistance in collaboration with National Agricultural Research Systems
(NARS) in SSA countries, including Benin National Maize Programme. These
new materials need to be evaluated for adaptation and maize vyield
improvement under environmental stress.

Phenotypic recurrent selection is one of the main breeding methods
used for selecting segregating populations derived from crosses between
highly elite genotypes selection (Ceballos et al.,2012; De Oliveira et al.,2018).
This method has been used in several maize breeding programmes to improve
resistance or tolerance of maize to abiotic or biotic stress (Kamara et al.,2003,
Menkir and Kling, 2007; Badu-Apraku et al.,2012). Recurrent selection has
been successfully used to improve grain yield and other agronomic traits in
maize populations under Striga-infested conditions (Menkir et al.,2004; Badu-
Apraku, 2010). The goals of recurrent selection are to improve the mean
performance of a population and to maintain some level of genetic variability
in the population. Progress in selection is based on the trait heritability and the
types of genetic variation controlling the trait in the particular population
(Durrishahwar et al. 2008). Keeping in view the grain yield losses due to Striga
and the role of S: line recurrent selection in addressing this problem, the
current study was conducted to identify some S lines with greater genetic
potential in improving maize germplasm for Striga resistance. Therefore, the
objectives of this study have been to (i) assess the performance of S; lines for
Striga resistance and agronomic traits (ii) understand the interrelationships of
traits associated with Striga resistance/tolerance in Sy lines of maize and (iii)
identify high performers Si lines for further improvement. The hypothesis
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tested in the study is that there is adequate genetic variation among maize S;
lines for Striga resistance/ tolerance that can be improved by selection.

Materials and Methods
Study Sites

The experiments have been conducted at Angaradébou (11° 20" N, 2°
43'E, 256 m above sea level) and Ina (09° 57' N, 2°43' E and at 371 m above
sea level). These sites are located in Sudan and Sudan-Guinean zones of
Benin, respectively. The mean monthly rainfalls at Angaradébou during the
cropping periods (June to November) of 2018 and 2019 were 138.4 mm and
165.0 mm, respectively as well as mean temperatures of 28.18°C and 28.14°C.
At Ina, the mean monthly rainfalls were 176.88 and 152.78 mm, respectively
during the 2018 and 2019 cropping seasons, and temperatures were 27.44°C
and 27.58°C. Minimum and maximum temperatures were respectively (28.2
and 28.13°C), (27.44 and 27.57°C) during the cropping seasons of 2018 and

2019, respectively (Table 1).
Table 1. Monthly temperatures and rainfalls for two growing years (2018 and 2019) at
Angaradébou and Ina, Benin

Location/ 2018 Temperature (°C) 2019 Temperature (°C) 2018 | 2019
Month
Minimum | Maximum | Mean | Minimum | Maximum | Mean | Rainfall (mm)
Angaradébou
June 23.4 33.1 29.6 23.5 32.5 29.11 | 200 175
July 22.5 31.4 27.9 22.7 31 26.85 | 131 264
August 22.1 30 27.1 22.3 29.6 26.95 | 270 | 308.5
September 22.4 30.7 27.5 23.2 31 27.75 | 216.5 | 186.5
October 21.3 34.5 28.9 23.2 34.3 29.75 | 13.0 | 56.0
November 18.7 35.8 28.3 18.8 36 28.4 0 0
Ina
June 23.3 31.1 27.7 22.2 31.6 279 | 263 | 1129
July 22.2 29.8 27.0 21.8 29.9 26.8 | 2445 | 247.1
August 21.6 28.2 25.9 21.7 29.4 26.5 | 298.1 | 309.3
September 21.6 29.3 26.5 21.2 30.1 26.6 | 198.1 | 158.6
October 22.2 32.5 28.4 22.0 32.3 28.2 | 57.6 | 88.8
November 21.6 34.9 29.3 21.9 34.8 29.4 0 0

Plant Materials

This study used 200 intermediate maturity (105-110 days) S1 maize
lines derived from the biparental cross (TZISTR1108 x 5057). The two
intermediate white maize parental inbreds used in the present study have
varied significantly in their responses under artificial Striga infestation. The
inbred line TZISTR1018 is a Striga hermonthica resistant line which was
derived from Zea- diploperenis (a wild relative of the modern maize plant with
resistance to S. hermonthica), while 5057 is highly susceptible to the parasite.
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TZISTR1018 is a progeny of cross between IITA developed tropical maize
germplasm and Zea diploperennis, a wild progenitor of Zea mays L (Menkir,
2006; Menkir et al.,2006). For the development of the S; lines, crosses have
been made between TZISTR1018 and 5057, to obtain F1 progenies at IITA,
Ibadan, Nigeria. Resulting F1 have been selfed to generate an F, segregating
population. From the F> bulk seeds, over 300 S: lines have been, thereafter,
developed. From these 300 lines, 200 S: lines have been randomly selected
alongside with the two parents. The two parents and two inbred lines with
known resistance (9450) and tolerance (9030) reactions to S. hermonthica
have been included as benchmarks to assess the performance of the S; lines.

Experimental design and field infestation with S. hermonthica

The S; lines have been evaluated in alpha-lattice design (51 x 4) with
two replicates. Each line has been planted under infested and non-infested
adjacent bands, which is 1.5 m apart, using a criss-cross arrangement
described by Pearce (1976). On each strip, each line has been planted on a row
of 3 m length with 0.75 m inter-row spacing and 0.25 m intra-row spacing.
For each S; line, the infested row has been planted directly to the non-infested
row in adjacent bands to accurately assess yield losses due to S. hermonthica
damage (Kling et al.,2000).

The field has been treated with ethylene gas two weeks before planting
to remove S. hermonthica seeds from the soil through suicidal germination. S.
hermonthica seeds used for artificial infestation were collected from farmers’
sorghum fields in the previous planting years. Two maize seeds have been
planted in a 6 cm deep hole injected with 8.5 g of sand mixed with Striga
seeds. The mixture contained approximately 3,000 germinable Striga seeds.
Two weeks after planting, all maize plants have been thinned to one plant per
hill to attain a population density of 53,333 plant. ha™. Fertilizer has been
applied to planting at the rate of 30 kg/ha of nitrogen, 60 kg. ha™ each of
phosphorus and potassium, and an additional 30 kg. ha™! nitrogen has been
applied four weeks later as top-dressing fertilizer. Weeds other than Striga
have been removed from plots manually throughout the planting season.

Field data collection
Data have been recorded for anthesis and silking days, plant height, ear
aspect, and ear per plant, grain yield in both Striga-infested and Striga-free
conditions while plant aspect has been recorded in Striga free condition (Table
2).
T)able 2. List of the assessed maize agro-morphological traits alongside used codes and their
descriptions

SIN Traits Code Traits description Unit
1 Days to DAYA | The number of days from planting to the time when 50% | count
anthesis T of the plants had another shedding pollen.
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2 Days to DYSK | The number of days from planting to the time when 50% | count
silking of the plants had emerged silks.
3 Anthesis ASI The interval in days between dates of silking and count
silking anthesis
interval
4 Plants height | PLHT | The distance from the base of the plant to the height of cm
the first tassel branch.
5 Ears aspect EASP | It was scored on a scale of 1-5. where 1= clean. uniform. | Scale
large and well-filled ears and 5 = rotten small partially
filled ear
6 Plants aspect | PASP It was recorded only on a scale of 1-5. where 1 = Scale
excellent plant type and 5 = poor plant type.
7 Ears per plant EPP Total number of ears with at least one fully developed Count
grain divided by the number of harvested plants.
8 Emerged COo1 Number of emerged Striga plants per plot at 8 and 10 Count
Striga plants &2 weeks after planting [WAP].
9 Striga damage | RAT 1 It is scored on a scale of 1-9. where 1= no visible host Scale
rate &2 plant damage symptom and 9 = all leaves are completely
scorched and finally dead plants. Taken at 8 and 10
WAP (Kim et al.,1994).
10 Grain yield G.Y Calculated from grain weight of harvested ears per plot | kg/ha

adjusted to 150 g grain kg~* moisture content (Badu-
Apraku et al.,2020a).

Data analysis

The data recorded on ear aspect, plant aspect, emerging Striga counts
and Striga damage severity scores have been subjected to logarithm
transformation (Feng et al.,2014). Data collected on grain yield, ears per plant,
Striga damage as well as Striga emergence counts have been tested for
normality using Shapiro-Wilk’s (W) test (Wang et al.,2018) before running
the analysis of variance (ANOVA). ANOVA has been conducted across
research environments using the general linear model procedure (PROC
GLM) implemented in the Statistical Analytical System (SAS), version 9.4
(Vargas et al.,2013). The statistical model used for combined analysis is as
follows:

Yijkg= 1 + Ei + Rjg) + Bij) + Gg +EGig+ €ijkg, Where Yijkg i the observed
measurement for the g™ genotype grown in the environment i, in the block k,
in replicate j; p is the grand mean; E;is the main effect of environment; Rj) is
the effect of replicate nested within environment; Bygj) is the effect of block
nested within replicate j by environment i; Gg is the effect of genotypes (S1
lines and checks); EGig is the interaction effect between genotype and
environment, and gijkg the error term.

Phenotypic and genetic correlation coefficients have been calculated
among the traits, using the adjusted means of the S; lines in META-R
(Alvarado et al.,2016). Broad sense heritability (H? ) estimates have been
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calculated from phenotypic variance (c%,) and the genetic variance (c%)
(Hallauer et al.,2010).The tested genotypes have been classified as either
resistant or susceptible to Striga using a selection index that involved grain
yield, ears per plant, Striga damage, and number of emerged Striga plants
(Badu-Apraku and Fakorode, 2017). The final ranking and outstanding lines
were identified using wasb function implemented in the metan package
(Olivio, 2020) whereby different traits have been assigned as by increasing or
decreasing. The genetic gain (GG) made up of the selected genotypes was
evaluated for the overall population as well as for the best used checks for each
trait. 66@) = (¥ — X0) * H? /X066(%) = (¥ — X0) * H /X0 . where X (mean

of the selected S; lines); H2 (broad sense heritability) and Xo (Overall grand
mean and the best checks).

Results
Phenotypic variation and agronomic performance of the Si lines and the
parental lines

From the combined analysis of variance (ANOVA), under Striga-
infested condition, significant differences in mean squares of genotypes have
been observed for all traits, except anthesis silking interval, and environment
had significantly affected all measured traits. Similarly, means squares for
genotype x environment interaction (GEI) effects were significant for grain
yield and several other measured traits, except plant height and Striga adaptive
traits (Table 3). However, GEI effects for all characters in non-infested
conditions have been not significant, except phenological traits.

Mean performance of progenies (S: lines) and their parents
(TZISTR1108 and 5057) under Striga artificial infestation and Striga non-
infestation are shown in Table 4. Under Striga conditions, progenies had
higher mean values for grain yield (2,552.27 kg ha), ears per plant (0.74) and
plant height (102.85 cm). For Striga damage and number of emerged Striga
plants, S: lines had the lowest mean values at 8 WAP while parental line
TZISTR1108 had the lowest mean values at 10 WAP. Similar results have
been observed for all the traits, except ears aspect under Striga-free conditions.
In general, the S; lines and the resistant parental line (TZISTR1108) have
shown higher and similar mean values for most of all the traits, while the
susceptible parental line (5057) had the lowest means. The lowest heritability
(0.43) has been observed for ear aspect and the highest (0.77) has been for
days to 50% anthesis under Striga artificial infestation. Under Striga non-
infested conditions, low heritability (0.27) has been observed for anthesis and
silking interval while the highest (0.79) has been obtained for grain yield
(Table 4).
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Interrelationships among measured traits

Genetic (lower diagonal) and phenotypic (upper diagonal) correlation
coefficients between agronomic traits of maize genotypes evaluated under
artificial Striga infestation are presented in Figure 1.

Grain yield displayed positive and significant genetic and phenotypic

correlations with ear per plant (r;=0.86""and rp= 0.66 ) and plant heights
(r¢=0.65""and ry= 0.35"""), but negative correlations with days to 50%

*kk Fkk *kk

anthesis (rg=-0.59"""and rp,=-0.57"""), days to 50% silking(rg=-0.74"""and rp=

-0.66"""), anthesis silking interval (r;=-0.70""and r,=-0.57"""), ear aspect (rg=
-0.96""and rp=-0.64"""), and Striga damage rating at 8 WAP (rg= -0.77""and
rp="-0.64"""), and 10 WAP (ry=-0.80""and rp=-0.66""). Furthermore, positive

and significant genetic correlations were observed between grain yield and
number of the emerged Striga plants at 8 WAP (rg= 0.18") and 10 (rg= 0.20")
WAP (Figure 1). Similarly, Striga damage at 8 and 10 WAP recorded positive
and significant genetic and phenotypic correlations with anthesis-silking
interval (rg= 0.83"" and rp= 0.34™"; r;=0.68""" and r,=0.38""") and ear aspect
(r¢=0.55""and rpy=0.46""; r;=0.66""" and r,=0.49"""), but displayed negative
correlations with plant heights (rg=-0.86"" and rp=-0.34""; rg= -0.98""and
rp=-0.39""). Striga damage at 8 WAP and Striga damage at 10 WAP (rg=
0.97and rp= 0.75"") showing positive significant genetic and phenotypic
correlations. However, negative and significant genetic correlations were
observed between emerged Striga plants at 10 WAP and Striga damage rating
at 8 and 10 WAP (ry =-0.23""and -0.217), as well as phenotypic correlation
with Striga damage rating at 8 WAP (r, - -0.18%). In general, genetic
correlations for all the traits measured have been higher than phenotypic

correlations, except between days to 50% anthesis and days to 50% silking.

o
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- 3 08
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Figure 1. Genetic (lower diagonal) and phenotypic (upper diagonal) correlation
coefficients between agronomic traits evaluated under artificial Striga infestation
DAYAT: days to anthesis, DYSK: days to silking, PLHT: plant height, RAT1:
Striga damage at 8 WAP, RAT 2: Striga damage at 10 WAP, CO1: number of emerged
Striga plant per plot at 8 WAP, CO2: number of emerged Striga plant per plot at 10 WAP,
EASP: ear aspect, EPP: ear per plant, ASI: anthesis silking interval and GY': grain yield

EPF
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Table 3. Mean squares for grain yield and other measured traits for S; maize lines,
evaluated under Striga-infested and non-infested conditions at Angaradébou and Ina, Benin

in 2018 and 2019

Source of Variation ‘df |GY ‘EPP |EASP ‘DYAT |DYSK ‘ASI ‘PLHT ‘PASP |cc>1 ‘coz |RAT1 |RAT2
Striga artificial infestation conditions
Environment ( E) 3 [ 571003085 | 398 [ 38958 [ 173701 [ 73479™ | 12146 | 1269056™ 587.13" | 1464.40° | 97.10° | 530.76"
Block(E*Replicate) | 400 | 21151866 | 008 | 147% | 108" [ 1413 | 099= 125607 3378 | 176807 | 069" | 139
Replicate(R) 4 | 31789236 | 0356 | 1064 | 61997 | 4331 | 004= 692.34 13152 | 439.61" | 510 | 1785"
Genotype (G) 203 | 39270106 | 0425 | 191 | 16317 | 2095 116= 1198.45= 3206 | 14482° | 087" | 179
GxE 609 | 1376509 [ 0079% | 131% 467 739" 0.31= 1193.29= 2724 | 114.06= | 038= | 0.66=
Ertor 812 | 1121286 0058 | 0667 3.913 5.82 5.018 122254 250322 | 113951 | 0354 | 0636
CV(%) 1124 1545 | 1256 07.60 0.14 078 1645 1742 | 1203 | 1545 | 1634
Non-infested condition
Environment ( E) 3 [ 10152860.1°% | 418 [ 325467 | 2038.97°% | 143371 | 47.18" | 2087.62% | 12148
Blk(E*Repetition) | 400 | 3916209 | 017% | 046™ | 1465 | 1146™ 197= 45173 | 034
Repetition(E) 4 | 321180527 | 099 | 567 | 175957 | 9141 467 | 4557137 | 098
Genotype (G) 203 | 79374947 | 0.153* | o6atkx | 20200 | qo3pke | 250ke [ 3p7ameer | 34
GXE 609 | 2129572ns | 0.130ms | 027ns | 7390 | 649%* 214% 2027505 | 0.16ns
Ertor 812 | 1929826 0123 | 0252 5324 5.04 169 186.448 0.165
CV(%) 1378 1106 | 1034 563 9.78 042 1823 1024

***. ** and * significant p-value of 0.001, 0.01 and 0.5, respectively and ns: non-

significant

DAYAT: days to anthesis, DYSK: days to silking, PLHT: plant height, RAT1:
Striga damage at 8 weeks after planting (WAP), RAT 2: Striga damage at 10 WAP, CO1:;
number of emerged Striga plant per plot at 8 WAP, CO2: number of emerged Striga plant
per plot at 10 WAP, EASP: ear aspect, EPP: ear per plant, ASI: anthesis silking interval,
PASP: plant aspect and GY:: grain yield.CV: coefficient of variation, G x E: genotype by
environment interaction

Table 4. Means, standard deviations and heritability for traits of the parents and S:
lines under Striga artificial infestation and Striga non-infested conditions

TZISTR1108 Ss lines 5057 (MeanxSD) Hz2
(MeanSD) (MeanzSD)
Striga hermonthica artificial infestation conditions

GY 1929.62+593.50° 2552.27 £535.172 333.50475.23¢ 0.72

EPP 0.69+0.31° 0.74+ 0.22? 0.05+0.12° 0.59
co1 5.18 +2.88° 4.0742.35% 29.12+9.76° 0.56
C0o2 13.82+4.84° 17.31+11.47° 43.37+14.42° 0.59
RAT1 2.26+0.75° 1.89+0.91° 4.70+1.02¢ 0.64
RAT2 3.56+1.412 5.01+1.49° 6.87+1.46° 0.72
DYAT 64.25+2.122 64.79+£3.61° 67.62+3.20° 0.77
DYSK 67.37+£2.33% 68.02+2.94° 76.16+7.57° 0.74

ASI 2.42+1.512 3.02+2.11° 9.20+7.33° 0.45
PLHT 95.92+20.87° 102.85+33.66% 71.68+17.47° 0.56
EASP 2.75%1.03% 2.83+1.26° 2.87+2.02% 0.43

Striga non-infested conditions

GY 2905.19+504.242 2964.67+653.86% | 1481.50+385.32° 0.79

EPP 0.80+0.242 0.81+0.392 0.59+0.19° 0.54
PASP 2.61+0.912 2.420.712 3.00+0.53" 0.64
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DYAT 62.85+2.112 63.07+4.012 66.37+2.97° 0.71
DYSK 66.28+2.56% 67.76+2.91% 70.85+2.61° 0.73

ASI 3.421.512 3.66+1.55 4.50+1.64° 0.27
PLHT 110.43+12.81° 124.41+18.90? 93.00£19.91° 0.57
EASP 2.97£1.022 3.03+1.05° 3.86+0.85° 0.45

DAYAT: days to anthesis, DYSK: days to silking, PLHT: plant height, RAT1:
Striga damage at 8 weeks after planting (WAP), RAT 2: Striga damage at 10 WAP, CO1:
number of emerged Striga plant per plot at 8 WAP, CO2: number of emerged Striga plant
per plot at 10 WAP, EASP: ear aspect, EPP: ear per plant, ASI: anthesis silking interval, and
GY: grain yield. H: Broad-sense heritability. Means followed by the same letters for the
same traits are not significantly different at the 5% level of significance according to
Duncan’s Multiple Range Test (DMRT)

Selection of best performing Striga hermonthica resistant/tolerant
genotypes

Selection based index revealed the presence of 15 lines as outstanding
and top ranking for all the traits evaluated across Striga infestation conditions
(Figure 2 and Table 6). The selected S lines had displayed higher grain yields
(2,331 kg hat and 2648 kg ha*) than all the used checks (1,745 kg ha-1 and
2,318 kg hal) in both conditions of the study. Grain yield means of population
including selected Si lines (1,568 kg ha® and 1,931 kg ha) were less than the
means of selected S lines (2,331 kg ha™ and 2,648 kg ha™) resulting in genetic
gains of 1.87% and 0.92%, under Striga and Striga free-conditions,
respectively. A moderated level of genetic gain has been observed for Striga
adaptive and other economic traits in maize (Table 6).
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Figure 2. Best high yielding S lines, with lowest Striga damage and Striga
emerged plant selected using selection index
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Table 6. Grain yield and other agronomic traits of selected S; lines and best used checks
under Striga-infested and Striga-free environments in Benin in 2018 and 2019

Yield (kg'ha) EPP DYSK(day) ASI(day) EASP(1-5) PLHT(cm) STRRAT(1-9) STRCO BI
SI[ SF SI [ SF| st | SF Sl [ SF [ SI | SF SI | SF [ swaAP [ 10WAP | SI | SI
Selected S; lines
SM 200 3006 3040 0.77 0.86 67 66 26 29 2.7 26 118 126 22 34 14.5 26.7 11.9
SM_30 2868 | 3783 | 083 | 103 | 64 66 | 41 [ 35| 26 | 31 | 106 137 19 3.7 155 22.2 108
SM._350 2361 | 2594 | 089 | 100 66 68 39 [ 51| 30 [ 31 6 100 25 33 155 264 78
SM_64 2350 | 2589 | 074 [ 070 | 68 66 | 26 | 3.2 | 29 | 29 | 98 107 2.1 3.8 14.2 18.5 7.7
SM 9 2333 | 2389 | 089 [077| 65 67 | 27 | 42 | 34 | 37 | 88 98 2.2 4.0 18.5 22.6 71
SM_136 2218 | 2521 | 083 | 1.00| 67 68 26 [ 30 | 32 | 29 | 90 97 24 3.7 125 20.6 71
SM_198 2464 [ 2242 058 [ 063 [ 66 68 | 40 [ 41| 36 | 29 | 98 109 18 47 134 24.1 67
§M 23 2238 [ 2724 110 [ 091 66 66 | 30 [ 38 ] 27 | 29 | 86 104 26 37 16.1 244 66
SM 51 2539 | 3310 | 077 | 072 67 65 44 | 33 | 24 | 43 | 97 112 28 4.0 15.6 24.2 6.3
SM_53 2200 | 2235 114|077 | 67 65 26 | 44 | 32 [ 25 | 100 114 24 3.6 18.5 33.3 59
SM_188 1904 [ 2322 088 [073] 70 72 39 [ 60 | 33 [ 38 [ 107 114 25 38 10.2 15.5 5.8
SM 175 2256 | 2553 115 [073| 63 66 | 28 [ 51| 34 | 30 | 104 114 27 43 13.2 316 57
SM_137 2216 | 2797 098 [112] 63 63 15 [ 27| 29 | 23 | 8 103 2.5 4.1 16.5 225 5.7
SM 143 1929 2681 0.93 0.93 68 68 4.5 6.0 29 7 88 105 25 36 128 13.0 5.6
SM 142 2085 | 1946 | 100 |071| 69 68 52 [ 46 | 34 | 30 | 9% 122 26 41 13.0 185 5.6
Mean 2331 [ 2648 [ 093 [074[ 66 67 | 3441 ] 30 | 31 97 111 24 38 15 23
Inbred (best checks)
TZISTR1108 1930 [ 2025 069 [080] 67 66 | 24 [ 34 ] 27 [ 29 | 9 110 3.2 46 6 16 4.7
9030 (Tolerant) 1821 | 2170 | 11| 085| 70 69 31 [32] 31 [ 33 [ 85 103 2.8 4.2 18 32 5.8
9450 (Resistant) 1485 | 1859 | 044 | 078 | 70 66 30 [35 | 341 33 | 94 111 22 3.5 9 18 27
5057 (Susceptible) 334 [ 1482 005 [059[ 76 71 92 [ 45 [ 28 | 38 2 93 47 6.8 29 43 186
Mean 1309 [ 2109 057 [078] 71 68 | 44 | 36 | 29 | 33 | 8 | 7925 2.7 4.7 16 27
Grand Mean 1563 1931 0.7 0.8 69 68 33 3.2 3.8 3.91 03 104 3 5 16 37
GG(%) 187 [ 092 ] 042 [o11]| 011 | 008 [011]024] 012 | 033 005 | 021 013 | 017 | 024 0.26

Sl: Striga artificial infestation condition, SF: Striga-free conditions, Bl: Base Index, WAP:
week after planting, STRAT: Striga damage rate, STRCO: Striga emergence count, PLHT:
plant height, EPP: ear per plant, DY SK: days to 50% silking, EASP: ear aspect, and ASI:

Discussion

anthesis silking interval. GG: genetic gain

The identification of gene source resistance to Striga is a prerequisite

to speed up the Striga resistance improvement of elite’s maize varieties
adopted by farmers. In this study, maize S; lines have been screened, assessed
association among traits, identified new sources of Striga resistance or
tolerance and we discussed the implications of our findings on breeding for
Striga resistance in maize. The significant mean squares obtained for
environments (E), Genotype (G) and G x E interaction for most of the
measured traits, indicated that there is adequate genetic variability for
resistance/tolerance to Striga among the S lines, The observed significance
among the S1 lines for the measured traits in the present study have shown the
potential for selection of improved grain yield and related traits under Striga-
infested conditions. This could be attributed to the differences in the genetic
backgrounds of the parental lines. Differential responses of maize genotypes
under Striga infestation have been reported by earlier researchers (Badu-
Apraku et al.,2010c; Akinwale et al.,2013). G x E interaction has been
significant for grain yield, ears per plant, days to 50% anthesis and days to
50% silking, but was not significant for all remaining traits. Significant GXE
variances observed for grain yield indicated that this trait is highly affected by
the GxE interaction, which could be attributed to variation in climatic
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conditions across the two years in each location. These results are similar with
the findings of Konaté et al. (2017) who reported the lack of significant GXE
for Striga damage ratings at 8 and 10 WAP. In previous studies significant
GxE have reported for Striga damage ratings at 8 and 10 WAP and grain yield
related traits (Makumbi et al.,2015; Kanampiu et al.,2018; Oyekale et
al.,2021). The difference in the results of this study and those of the previous
authors suggests that the environments where the genotypes have been
evaluated, and their genetic background might be different.

The results showed the progenies not likely to perform the same as
their respective parents. The progenies exhibited high grain yield, as well as
reduced Striga damage and emerged Striga plants at 8 WAP, whereas the
parental lines showed lower grain yield and increased Striga damage and
emerged Striga plants at 8 WAP. Better performance of S: lines than their
parents may also be the result of transgressive segregation and thus developing
maize populations for Striga environments could be effective. Transgressive
segregation has been observed in maize populations screened under low N
(Ribeiro et al.,2018) and Striga infestation (Mbogo et al.,2015; Badu-Apraku
et al.,2020a, b). Previous studies have shown the interests of S; selection for
improving grain yield and related traits in maize under stress conditions
(Kamara et al.,2003; Durrishahwar et al.,2008; Pecina-Martinez et al.,2013;
Ayiga-Aluba et al.,2015).

Moderated high heritability estimates have been observed indicating
the potential for these traits to be improved through recurrent selection.The
high heritability estimates for grain yield, days to 50% anthesis, and Striga
damage at 8 and 10 WAP suggest that reasonable genetic gain for these traits
could be expected from selection. These findings are corroborated to previous
reports under artificial Striga infestation (Menkir and Meseka, 2019), but are
greater than those reported by Gowada et al. (2021) in inbred lines of maize
under Striga infestation.

Grain vyield displayed significant and positive genetic phenotypic
correlations with ears per plant and plant height, but negative with days to 50%
anthesis, days to 50% silking, anthesis silking interval, and Striga damage
ratings. Positive correlations observed mean that grain yield increases with
ears per plant and plant height; which indicates that more leaves
photosynthesis and heavier grain yield (Halidu et al.,2015). These traits are
probably genetically dependent and can be included in the base index for
selecting for improved grain yield in maize under Striga infestation and was
in agreement with Badu-Apraku et al. (2007) for ear aspect as secondary trait.
The significant and negative correlations observed between grain yield and
Striga damage rates implied that Striga affects physiology and grain yield of
infested plants, suggesting that the lower the impact of the Striga damages has
been the higher grain yield. This finding occurs with that of Badu-Apraku et
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al. (2008, 2020b), in which they reported that the two traits are under same
genetic control, and simultaneous improvement for grain yield and Striga
damage rating can be obtained easily in the population. Additionally,
significant and positive genetic correlations have been observed between grain
yield with emerging Striga plants at 8 WAP and 10 WAP, with lack of
phenotypic correlations. This result means the number of emerged Striga
plants had not affected the physiology and grain yield of infested plants,
suggesting that most genotypes had tolerated emergence of Striga plants.
Similar findings were reported by Badu-Apraku et al. (2020b) and Akanvou
et al. (1997). In contrast, Gowda et al. (2021) have reported significant
phenotypic and negative correlation between grain yield and number of
emerged Striga plants, which have indicated that increase in number of
emerged Striga plants led to severe reduction in grain yield (Menkir et al.
2012; Adewale et al.,2020). This difference of findings could be attributed to
the differences of genetic backgrounds of genotypes used in these studies. The
observed positive and significant correlations between number of emerged
Striga plants at different times (8 WAP and 10 WAP), as well as Striga damage
rates, indicate that these traits can be combined into an index for selection
under Striga infestation. In addition, negative and significant genetic
correlations observed between number of emerged Striga plants at 10 WAP
and Striga damage ratings, as well as phenotypic correlation recorded between
emerged Striga plants at 10 WAP and Striga damage rating at 8 WAP,
suggesting that the Striga adaptive traits at 10 WAP would be most important,
and this time would be ideal for the Striga plants count and Striga damage
rating during screening of maize intermediate maturity germplasm under
Striga infestation conditions.

Superiority of some Si lines under Striga artificial infestation
conditions (Table 6) shows that inherent ability for resisting/tolerating the
biotic stress existed in them and can be used in maize improvement targeting
Striga infested environments. The best S: lines identified using the selection
index displayed a high average grain yield of 2,331 kg ha* and 2, 648 kg ha™*
under Striga and Striga free conditions, respectively. In comparing to the
national maize average grain yield (1,070 kg ha™?) in 2020 growing season
(MAEP, 2020), the selected genotypes have shown good performances,
resulting genetic gains of 0.98% and 0.61%, under Striga and Striga free-
conditions, respectively. These genotypes can be used in maize population
improvement for Striga resistance/tolerance.

Conclusion

In this study, the agronomic performance of 200 S; lines derived from
a bi-parental crossunder has been assessed under S. hermonthica artificial
infestation and non-infestation conditions. There was significant variability

www.eujournal.org 318



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, N0.25

for most traits, especially in yield components and Striga adaptive traits.
Moreover, the traits exhibited significant and strong associations have been
shown and can be used in indirect selection under Striga infestation. Effective
selection for superior genotypes is possible considering ears per plant, days to
50% silking, ear aspect, number of emerged Striga plants and Striga damage
at 10 WAP and can be used as target traits to improve grain yield for next
generation evaluation under Striga infestation. Fifteen (15) higher performers
S1 lines in resistance/tolerance to Striga have been identified. These should be
used as germplasm in developing high yielding varieties targeting Striga and
non-Striga environments in Benin. For the purpose of recombination and
further population improvement for Striga resistance in the Benin maize
breeding programme, the high performing Si-lines in the present study could
be recommended.

Acknowledgments

The authors are grateful to the Research for Development and the
Stress Tolerant Maize for Africa Project for financing the study. Additionally,
the authors are thankful to the staff of the Benin national program and maize
improvement program at the International Institute of Tropical Agriculture
Nigeria (1ITA) for their technical support during this study.

References:

1. Adewale, S. A., Badu-Apraku, B., Akinwal, R. O., Paterne, A. A,
Gedil, M., & Garcia-Oliveira A. L. (2020). Genome-wide association
study of Striga resistance in early maturing white tropical maize inbred
lines, BMC Plant Biology, 20: 1-16.

2. Akanvou, L., Doku, E.V., & Kling J. (1997). Estimates of genetic
variances and interrelationships of traits associated with Striga
resistance in maize. Afri. Crop Sci. J., 5:1-8.

3. Akinwale, R.O., Badu-Apraku, B., & Fakorede M.A.B. (2013).
Evaluation of Striga-resistant early maize hybrids and test locations
under Striga-infested and Striga-free environments. Afr Crop Sci J,
21(1): 1-19.

4. Alvarado, G.; Lopez, M.; Vargas, M.; Pacheco, A.; Rodriguez, F.;
Burguerio, J.; Crossa, J. (2016). META-R (Multi Environment Trial
Analysis with R for Windows). Version 6.0—CIMMYT Research
Software Dataverse-CIMMYT Dataverse Network. Available online:
http://hdl.handle.net/11529/10201 (accessed on 2 December 2019).

5. Amogou, O., Dagbénonbakin, G., Agbodjato, N.A., Noumavo, P.A.,
Salami, H.A., Valére, S., Ricardos, A.M., Sylvestre, A.A., Djihal,
K.F.A., Adjanohoun, A. & Baba-Moussa, L. (2018). Influence of
Isolated PGPR Rhizobacteria in Central and Northern Benin on Maize

www.eujournal.org 319



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, No0.25

Germination and Greenhouse Growth. American Journal of Plant
Sciences, 9: 2775-2793.

6. Ayiga-Aluba, J., Edema, R., Tusiime, G., Asea, G., & Gibson P.
(2015). Response to two cycles of S1 recurrent selection for turcicum
leave blight in an open pollinated maize variety population (Longe 5).
Adv. Appl. Sci. Res., 6: 4-12.

7. Badu-Apraku B. & Fakorede M.A.B. (2017). Advances in genetic
enhancement of early and extra-early maize for Sub-Saharan Africa.
Switzerland: Springer.

8. Badu-Apraku, B.(2010). Effects of recurrent selection for grain yield
and Striga resistance in an extra-early maize population. Crop Sci.,
50:1735-1743

9. Badu-Apraku, B., A. Fontem Lum, M.A.B. Fakorede, A. Menkir, Y.
Chabi, C. The, M. Abdulai, S. Jacob, & Agbaje S. (2008). Performance
of early maize cultivars derived from recurrent selection for grain yield
and Striga resistance. Crop Sci. 48 :99-112.
doi: 10.2135/cropsci2007.01.0060.

10. Badu-Apraku, B., Adewale S., Agre P., Gedil, M., & Asiedu
R.(2020a). Identification of QTLs Controlling Resistance/Tolerance to
Striga hermonthica in an Extra-Early Maturing Yellow Maize
Population. Agronomy, 10:1-18.

11. Badu-Apraku, B., Adewale, S., Agre P., Gedil, M., Toyinbo, J., &
Asiedu R. (2020b). Identification of QTLs for grain yield and other
traits in tropical maize under Striga infestation. PLoS ONE,15: 1-20.

12. Badu-Apraku, B., Akinwale, R. O., Franco, J., & Oyekunle, M.(2012).
Assessment of reliability of secondary traits in selecting for improved
grain yield in drought and low-nitrogen environments. Crop Science,
52: 2050-2062.

13. Badu-Apraku, B., Akinwale, R.O. & Fakorede, M.A.B. (2010).
Selection of early maturing maize inbred lines for hybrid production
under Striga-infested and Striga-free environments. Maydica 55:261-
274.

14. Badu-Apraku, B., Menkir, A., Ajala, S.0., Akinwale, R.O., Oyekunle,
M., & Obeng-Antwi, K. (2010c). Performance of tropical early
maturing maize cultivars in multiple stress environments. Can. J Plant
Sci., 90: 831-852.

15. Badu-Apraku, B.; Menkir, A.; and Lum, A.F. (2007). Genetic
variability for grain yield and components in an early tropical yellow
maize population under Striga hermonthica infestation. Crop. Improv.,
20: 107-122.

16. Batamoussi, H.M., Sekloka, E., Oga, C.A., Boulga, J., & Paraiso, A.
(2014). Dates of détermination of maize seedling (Zea mays L.) on the

www.eujournal.org 320



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, N0.25

tropical ferruginous in the Central region of Benin: Case study of the
administrative district of Glazoue and Dassa Zoume. European
Scientific Journal, 10: 241-253.

17. Ceballos, H., Kulakow, P., and Hershey C., (2012). Cassava breeding:
current status, bottlenecks and the potential of biotechnology tools.
Trop Plant Biol 5: 73-87.

18. De Oliveira, P.H. G.A., Barbosa, A.C.O., Diniz, R.P., De Oliveira,
E.J., and Ferreira, C. F. (Molecular marker assisted selection for
increasing inbreeding in S1 populations of cassava; Anais da
Academia Brasileira de Ciéncias (2018) 90(4): 3853-3869.

19. DeVries, J. (2000). The inheritance of Striga reactions in maize. In:
Haussmann BIG, Hess DE, Koyama ML, Grivet L, Rattunde HFW,
Geiger HH (eds) Breeding for Striga Resistance in Cereals.
Proceedings of a Workshop. IITA, Ibadan. Margraf Verlag,

20. Durrishahwar, H., Rehman, S.M.A., Shah, .A., Khalil & Ali, F.
(2008). Recurrent selection for yield and yield associated traits under
leaf blight (Helminthosporium maydis) stress in maize. Sarhad J.
Agric. 24: 599-605.

21. Ejeta, G.; Butler, L.G., & Babiker, A.G. (1992). New Approaches to
the Control of Striga. Striga Research at Purdue University, Research
Bulletin; Agricultural Experiment Station, Purdue University: West
Lafayette, IN, USA.

22. Feng, C., Wang, H., Lu N., Chen, T., He, H., Lu, Y., & Tu, X.M.
(2014). Log-transformation and its implications for data analysis.
Shanghai Archives of Psychiatry, 26:106-109.

23. Food and Agriculture Organization (FAQO) (2020). Statistical yearbook
2020, Rome, Italy. http://faostat.fao.org (Accessed 11/02/2021).

24. Gowda, M., Makumbi, D., Das, B., Nyaga C., Kosgei,,T., Crossa J.,
Beyene, Y., Montesinos-Lopez, O.A., Olsen M.S., & Prasanna, B. M.
(2021). Genetic dissection of Striga hermonthica (Del.) Benth.
resistance via genome-wide association and genomic prediction in
tropical maize germplasm. Theoretical and Applied Genetics. 134:
941-958.

25. Gurney, A. L., Press, M. C., & Scholes, J. D. (1999). Infection time
and density influence the response of sorghum to the parasitic
angiosperm Striga hermonthica. New Phytol. 143: 573-580.

26. Halidu, J., Abubakar, Izge, U.A., Ado S.G., Yakubu, H., & Haliru B.S.
(2015). Correlation analysis for grain yield, other agronomic
parameters and Striga affected traits under Striga infested/free
environment. J.Plant Breed.Crop Sci.; 7: 9-17. DOI
10.5897/JPBCS2013.0410.

www.eujournal.org 321



http://www.eujournal.org/
http://faostat.fao.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, No0.25

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hallauer A.R., Carena M.J., Miranda Filho J.D. (2010). Quantitative
genetics in maize breeding. New York: Springer.

Haussmann, B.l.G., Hess, D.E., Reddy, B.V.S., Mukuru, S.Z.,
Kayentao, M., Welz, H.G., & Geiger, H.H. (2001). Pattern analysis of
genotype X environment interaction for Striga resistance and grain
yield in African sorghum trials. Euphytica, 122: 297-308.

Kamara, A.Y., Kling, J.G., Menkir, A. & Ibikunle, O. (2003).
Agronomic performance of maize (Zea mays L.) breeding lines
derived from low nitrogen maize population. Journal of Agricultural
Science, 141:221-230.

Kamara, A.Y., Menkir, A., Chikoye, D., Solomon, R., Tofa, A.l.,, &
Omoigui, L.O. (2020). Seed dressing maize with imazapyr to control
Striga hermonthica in farmers’ fields in the savannas of Nigeria.
Agriculture, 56: 620-632.

Kanampiu, F., Makumbi, D., Mageto, E., Omanya, G., Waruingi, S.,
Musyoka, P., & Ransom, J. (2018). Assessment of Management
Options on Striga Infestation and Maize Grain Yield in Kenya. Weed
Sci. 66:516-524.

Kim, S. K., Adetimirin, V. O., Thé, C., & Dossou, R. Yield losses in
maize due to Striga hermonthica in West and Central Africa. (2002).
International Journal of Pest Management, 48, 211-217.
https://doi.org/10.1080/09670870110117408.

Kim, S.K. (1991). Breeding maize for Striga tolerance and the
development of a field infestation technique. In Combating Striga in
Africa, Proceedings of the Workshop by IITA, ICRISAT and IDRC,
22-24 August 1988; IITA: Ibadan, Nigeria; pp. 96-108.

Kim, S.K.; Akintunde, A.Y.; Walker, P. (1994). Responses of maize,
sorghum and millet host plants to infestation by Striga hermonthica.
Crop Prot., 13, 582-590.

Kling, J. G., Fajemisin, J. M., Badu-Apraku, B., Diallo, A., MenKir,
A., & Melake Berhan, A. (2000). Striga resistance breeding., In B. 1.
G. Hausmann, D. E. Hess, M. L. Koyama, L. Grave, H. F. W. Rattunde,
& H. H. Geiger (Eds.), Breeding for Striga resistance in cereals
proceedings of a workshop held at IITA, Ibadan. Margraf Verlag,
Weikersheim., 73-84.

Konate, L., Badu-Apraku, B., &Traoré, D. (2017). Combining ability
and heterotic grouping of early maturing provitamin A maize inbreds
across Striga infested and optimal growing environments. JAEID, 111
(1) : 157-173. DOI : 10.12895/jaeid.20171.572.

Makumbi, D., Diallo, A., Kanampiu, F., Mugo ,S., & Karaya, H.
(2015). Agronomic performance and genotype X environment

www.eujournal.org 322



http://www.eujournal.org/
https://doi.org/10.1080/09670870110117408

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, N0.25

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

interaction of herbicide resistant maize varieties in eastern Africa.
Crop Sci 55:541-555. doi.org/10.2135/cropsci2014.08.0593.

Mbogo, P.O.; Dida, M.M., & Owuor, B. (2015). Generation means
analysis for estimation of genetic parameters for Striga hermonthica
resistance in maize (Zea mays L.). J. Agric. Sci.7: 143.

Menkir, A. (2006). Assessment of reactions of diverse maize inbred
lines to Striga hermonthica (Del.) Benth. Plant Breeding, 125:131-
139.

Menkir, A., & King, J. G. (2007). Response to recurrent selection for
resistance to Striga hermonthica (Del.) Benth in a tropical maize
population. Crop Science, 47: 674-684.

Menkir, A., & Meseka, S. (2019). Genetic improvement in resistance
to Striga in tropical maize hybrids. Crop Sci., 59: 2484-2497.
Menkir, A., Kling, J. G., Badu-Apraku, B., & Ibikunle, O. (2006).
Registration of 26 tropical maize germplasm lines with resistance to
Striga hermonthica. Crop Science, 46: 1007-1009.

Menkir, A., Makumbi, D., &Franco, J. (2012). Assessment of reaction
patterns of hybrids to Striga hermonthica (Del.) Benth. under artificial
infestation in Kenya and Nigeria. Crop Sci., 52:2528-2537.

Menkir. A., Kling, J.G., & Badu-Apraku, B. (2004). Recent advances
in breeding maize for resistance to Striga hermonthica (del.) Benth.
Integrated Approaches to Higher Maize Productivity in the New
Millennium. In CIMMYT (Ed.): Proceedings of the Seventh Eastern
and Southern Africa Regional Maize Conference.

Ministere de I’Agriculture de I’Elevage et de la Péche (MAEP).
(2020). Statistic of maize National Production Strategic. Technical
Report, 59 p.

Olivio, T. (2020). matan: Package for multi-environment trial analysis,
tiagoolivoto.github.io/metan/ (accessed, 12/02/2021).

Oyekale, S.A., Badu-Apraku, B., Adetimirin, V.O., Unachukwu, N.,
& Gedil, M. (2021). Development of Extra-Early Provitamin a Quality
Protein Maize Inbreds with Resistance/Tolerance to Striga
hermonthica and Soil Nitrogen Stress. Agronomy, 11, 891: 1-23.
https://doi.org/10.3390/ agronomy11050891.

Pearce, S.C. (1976). Field experimentation with fruit trees and other
perennial plants. Commonwealth Agric., Bureaux (CAB), Farnham,
UK.

Pecina-Martinez, J. A., Mendoza-Castillo, Ma.C., Castillo-
Gonzalez,F., Lépez-Santillan, J. A., Mendoza-Rodriguez, M., &
Reyes-Méndez, C. A. (2013). Genetic potential of S1 lines derived
from native maize populations of Tamaulipas, Mexico. Maydica.,
58:127-134.

www.eujournal.org 323



http://www.eujournal.org/
https://tiagoolivoto.github.io/metan/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
July 2021 edition Vol.17, No0.25

50.

51.

52.

53.

54,

55.

56.

Pierce, S., Mbwaga, A., Press, M., & Scholes, J. (2003). Xenognosin
production and tolerance to Striga asiatica infection of high-yielding
maize cultivars. Weed Res. 43:139-145.

Ribeiro, P. F., Badu-Apraku, B., Gracen, V. E., Danquah, E. Y.,
Garcia-Oliveira, A. L., Asante, M. D., Afriyie-Debrah, C., & Gedil, M.
(2018). Identification of quantitative trait loci for grain yield and other
traits in tropical maize under high and low soil-nitrogen environments.
Crop Science, 58(1); 321-331.

https://doi.org/10.2135/crops ¢i2017.02.0117.

Sangare, S., Menkir, A., Ofori, K., & Gracen, V (2018). Combining
Ability for Grain Yield, Agronomic Traits and Striga hermonthica
Resistance of Yellow Endosperm Maize. J Plant Genet Breed.,2(2) :1-
8.

Stanley, A., Menkir, A., Paterne, A., Ifie, B., Tongoona, P.,
Unachukwu, N., Meseka, S., Mengesha, W., & Melaku, G. (2020).
Genetic Diversity and Population Structure of Maize Inbred Lines with
Varying Levels of Resistance to Striga hermonthica Using Agronomic
Trait-Based and SNP Markers. Plants, 9:1-18.

Toukourou, A.M., Adégbola, P.Y., Yallou, C.G., & Gbehounou, G.
(2004). Evaluation des variétés de mais EVDT-97 STR-C1 et TZEE-
W-SR (varieté extra-précoce) dans les zones infestées par le Striga
hermonthica au Sud Bénin. Bulletin de la Recherche Agronomique du
Bénin., 45 : 37-47.

Vargas, M., Combs, E., Alvarado, G., Atlin, G., Mathews, K., &
Crossa, J. (2013). Meta: a suite of sas programs to analyze
multienvironment breeding trials. Agron. J., 105: 11-19.

Wang, R.; Liu, Y.; Isham, K.; Zhao, W.; Wheeler, J.; Klassen, N.; Hu,
Y.; Bonman, J.M.; Chen, J. (2018). QTL identification and KASP
marker development for productive tiller and fertile spikelet numbers
in two high-yielding hard white spring wheat cultivars. Mol. Breed.,
38:1-12.

www.eujournal.org 324



http://www.eujournal.org/
https://doi.org/10.2135/crops%20ci2017.02.0117

