International Journal of Research Studies in Agricultural Sciences (IJRSAS) -~
Volume 9, Issue 9, 2023, PP 7-16 m

ISSN No. (Online) 2454-6224
DOI: http://dx.doi.org/10.20431/2454-6224.0909002
www.arcjournals.org

Breeding maize (Zea mays L.) for tolerance or resistance of

Striga hermontheca.
Hayilu Gichile*

Ethiopian Institute of Agricultural Research, Chiro National Sorghum Research and Training Center P. O. Box
190, Chiro, Ethiopia

*Corresponding Authors: Hayilu Gichile, Ethiopian Institute of Agricultural Research, Chiro National
Sorghum Research and Training Center P. O. Box 190, Chiro, Ethiopia

Abstract: Striga hermonthica is a major limiting factor in maize cultivation in sub-Saharan Africa. Based on
environmental factors such as soil fertility, climatic conditions and genotype, this can result in a yield loss of
up to 100%. The aim of this article is to review maize breeding methods for resistance/tolerance to Striga
hermontica and to highlight the efforts made to overcome yield reduction due to Striga hermonthica. The
International Institute of Tropical Agriculture (1ITA) has made significant progress in developing several early
inbred maize lines, open-pollinated varieties and hybrids containing Striga resistance genes. However, the
levels of striga resistance of the available precocious inbreds and hybrids are not as high as desired. This is
because the Striga seed bank is added to the soil after each growing season. There is therefore a need for
increased Striga resistance in the available genotypes. Since resistance to S. hermonthica in maize is regulated
by many genes, breeding for Striga-resistant cultivars using traditional approaches has been less effective and
time-consuming. The identification of QTLs associated with Striga resistance/tolerance would facilitate the
rapid development of Striga resistant/tolerant maize genotypes.
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1. INTRODUCTION

Maize (Zea mays L.) the most important staple food in Sub-Saharan Africa (SSA) (FAO, 2017; lITA,
2011). It is the most important food crop on the African continent in terms of acreage and total grain
production (Reynolds et al., 2015). Corn is the main food source for over 300 million people (IITA,
2011). It is a major source of carbohydrates, proteins, lipids and vitamins for millions of people in the
region (Badu-Apraku et al, 2017). A high annual consumption of 79 kg per capita in Africa (De
Groote, 2002). .Corn can be exploited in a variety of ways, with all parts of the plant such as kernel,
cob, stalk, leaves and tassel having economic value. The grain is used as food or fermented to make a
variety of beverages and beers (Anami et al., 2009).

However, corn production is still below the crop's potential yields due to biotic and abiotic
constraints, leading to food insecurity (FAO, 2017). Among parasitic weeds, the root hemiparasite S.
hermonthica is the most devastating and dominant constraint on maize production (Khan et al., 2014).
The extent of damage depends on the timing and extent of infection. Can cause up to 100% in high
infestation (Amusan et al. 2008). Losses due to Striga are estimated at $7 billion annually. Today, the
weed affects over 100 million farmers (Spallek et al., 2013). Striga hermonthica (giant witch's herb), a
parasitic plant native to Ethiopia and Sudan (Amy. B et al., 2011). A separate survey conducted in
1997 found that Striga hermonthica is the most widespread parasitic weed species in Ethiopia and the
overall incidence rate of Striga of the 310 maize fields surveyed was 41%.

Using cultivars that are tolerant and resistant to Striga species has been recommended as the most
practical approach for resource-poor smallholders (Menkir, 2006). Since 1982, scientists at IITA have
been breeding maize for tolerance and resistance to S. hermonthica. Genetic resistance in the host
plant is central to the success of integrated control measures to minimize the Striga threat. Decades of
Striga research efforts at the International Institute of Tropical Agriculture (IITA) Ibadan have
recently resulted in the successful release and registration of Striga-resistant maize inbred lines from
diverse genetic backgrounds. Planting Striga-resistant maize varieties is currently considered the best
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control strategy and is easy to apply or deploy, especially in combination with other management
practices (Gasura, E., et al., 2019). Resistance to S. hermonthica parasitism is mainly attributed to the
low production of Striga germination stimulants by the host plant (Rodenburg, J. et al., 2006). When
breeding for S. hermonthica resistance in maize, a combination of these resistance mechanisms is
desirable to achieve effective and durable resistance (Gasura, E., et al., 2019). The slow evolution and
spread rate of Striga-resistant genotypes is largely due to the complex genetics of resistance as well as
limited knowledge of the specific mechanisms associated with resistance to Striga (Amusan, et al.,
2008).

Although many efforts have been made by plant breeders (IITA) resulting in the development and
release of several Striga-resistant/torerant maize inbred lines, limited success has been achieved in
controlling Striga in smallholder fields in Africa. This is mainly because the Striga hermonthica has a
highly specialized life cycle synchronized with host growth, a breeding behavior that maintains
tremendous genetic variability, the ability to parasitize a wide range of hosts, seed longevity in soil,
and the ability to to inflict the most damage to the host before emerging above ground (Ejeta, 2007;
Hearne, 2009). Therefore, it is very important to develop strategies integrating different breeding
techniques for the development of a S. hermonthica resistant maize variety that would help reduce
losses due to this parasite infestation suffered by maize farmers in sub-Saharan Africa, including
Ethiopia. Therefore, this review examines the different approaches of maize breeding for resistance
(tolerance) to parasitic weeds called Striga hermontica and the aim of this paper was to review on
methods of maize breeding for resistance/tolerance to Striga hermontica and highlight efforts made to
overcome yield reduction due to Striga hermonthica.

2. LIFE CYCLE OF STRIGA HERMONTHICA

The lifecycle of Striga is synchronized to that of its host and involves mechanisms that coordinate the
lifecycle of the parasite and that of the host (Bouwmeester et al., 2003). The Striga life cycle
generally involves: germination, host attachment, formation of haustoria, penetration, and
establishment of vascular connections, nutrients accumulation, flowering and production of seeds.
Striga seeds only germinate in presence of certain hormones known as strigolactones, produced by the
host and in other cases non-host species (Keyes et al., 2007).
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The economic losses caused by Striga spp. are enormous. This is a parasite found mainly on tropical
grain crops such as corn, sorghum, pearl millet and upland rice (Press et al., 2001). It causes reduced
growth for the host because it disrupts its photosynthesis and uses its nutrients, causing a deficit (Joel,
2007). The weeds consume a larger portion of the host plant's solutes, resulting in wilting and early
death of the plant (Ruyter-Spira et al., 2011). It is estimated that in sub-Saharan Africa alone there is
an annual yield loss of more than US$7 billion due to infestation with Striga spp. (Spallek et al.,

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 8



Breeding maize (Zea mays L.) for tolerance or resistance of Striga hermontheca.

2013). The amount of yield loss depends on factors such as striga density, host species, land use

Figure 2: A maize field infested with Striga hermonthica
3. GENETIC RESOURCE FOR STRIGA HERMONTHICA RESISTANCE AND TOLERANCE IN MAIZE

The genetic enhancement of a trait depends on the availability of genetic variability. Sources of
resistance to Striga have been identified in maize (Amusan, et al., 2008), rice (Gurney et al., 2006),
sorghum (Mohamed et al., 2003; Haussmann et al., 2004; Mbuvi et al., 2017) and Cowpea (Menkir,
2006). Such host-based Striga resistance mechanisms act either before (pre-attachment resistance) or
after infection (post-attachment resistance). Potential sources of resistance to Striga have been found
in a number of heterotic groups of maize (Table 1). Crop wild relatives offer a wide genetic pool for
breeding purposes. Although there is little explicit resistance to Striga among maize landraces in
Africa, some Striga-resistant landraces have recently been reported in Kenya (Charles et al. 2016).

Tablel. Summary of genetic sources for Striga resistance.

Germplasm Current source References

Wild maize relatives lama T. dactyloides- source of Lhf
genes for haustorial developmental
barriers

Z. diploperensis- major source of

resistance in maize

(Gurney et al., 2003)
(Amusan et al., 2008)

Landraces Sources of horizontal resistance (Charles et al. (2016)
Inbred lines IITA and CIMMYT lines (Menkir, 2006), (Karaya et al.,
2012)
Hybrids Hybrids  Resistant commercial | Chitagu et al., 2014), (Akinwale et
genotypes e.g. Pioneer Hybrids and | al, 2014)
CGIAR varieties
OPV IITA populations — e.g. TZL | (Menkirand Kling , 2007)

compl synw-1 and Acr94TZE
Comp s-w

Source: (Admire.T.S et al, 2017)
4. SCREENING AND EVALUATION OF GENETIC RESOURCES FOR STRIGA RESISTANCE

The development of Striga-resistant cultivars has been limited by the lack of reliable screening
techniques (Yagoub et al., 2014). Some of the screening techniques that have been used in the past
include laboratory analysis methods, pot screening, and field trials (Rodenburg et al., 2015). Although
the practice of field screening helps in generating statistics about Striga infestations under natural
conditions, the method is limited by the existing environmental impacts. To circumvent this and
initiate reliable screening after attachment, the rhizotron screening system is ideal (Rodenburg et al.,
2015). Rhizotrons are transparent root observation chambers that allow striga attached to the host
plant to be counted, the phenotype of resistance mechanisms to be assessed, and the effect of striga on
host biomass to be determined over time and with minimal disruption (Cissoko et al., 2011 ; Gurney
et al., 2006; Runo et al., 2012; Rodenburg et al., 2015).

Laboratory Screening Methods
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Traditional breeding methods by screening resistant genotypes under natural or artificial striga
infestation are very expensive, time consuming and labor intensive. Using simple laboratory
techniques when screening host plants for responses to Striga infestation can reveal resistance
mechanisms in host plants, increase the efficiency of breeding programs and make it possible to
pyramid different resistance mechanisms in a single cultivar for stable resistance responses (Ejeta,
2007). . Laboratory experiments were designed to identify resistance components that together
provide the host with general resistance expression during parasite establishment (Ejeta and Gressel
2007). In vitro growth systems allow studying the architecture of host roots and their biochemical
resistance mechanisms. Some laboratory assays allow the study of the release of germ inhibitors and
haustorial initiation factors as well as hypersensitivity reactions (Ejeta et al. 2000). The paper roll
assay was developed to analyze the early stages of Striga infection (Ejeta et al. 2000). In this case,
preconditioned striga seeds are exposed to light and then spread evenly on germination paper
moistened with distilled water. The striga seeds are then rolled between the germ papers along with
lined host seeds. Observations are then made after three weeks when the papers are unrolled to reveal
the extent of parasitic attachments to host roots and early resistance mechanisms.

Glasshouse Screening

Screening in pots was also an integral part of Striga resistance assessments (Ahonsi et al., 2002). Pots
have been used extensively for screening for cultivar resistance, host-parasite nutritional relationships,
growth stimulant analysis, and herbicide efficacy. Various pot-strainer techniques such as the polybag
and the seed pan have been described in detail by (Rao, 1985). The methods are recommended for
their effectiveness in screening for sorghum resistance to S. hermonthica. Of note is the development
of the Eplee bag pot screening technique developed by (Eplee, 1992). Striga seeds are placed in small
micromesh bags, tied to string and buried near the plant roots. At a certain moment, the threads are
pulled to observe the germination of the striga. The method can also be used under field conditions to
observe Striga germination under natural conditions. Several studies demonstrate the validity of the
Eplee-Bag technique as a screening method (Gurney et al. 1995; Ahonsi et al. 2002). The most
important consideration in greenhouse evaluations is its compatibility with experiments on the
effectiveness of biological control agents such as Fusarium oxysporum f. sp. striae. The technique
allows for a continuous, uninterrupted assessment of the plant rhizosphere, as demonstrated by
(Ahonsi et al., 2002) and (Yonli et al. 2006) in their assessment of potential biological control agents
in control.

Field Techniques

Confusing effects of environmental conditions on polygenic inheritance of traits associated with
Striga resistance make field screening imperative despite advances made through laboratory and pot
experiments. The art of increasing the accuracy and efficiency of field screening for Striga resistance
has been perfected over the years. In corn improvement, an efficient grading scale must be used to
estimate the breeding value of a single genotype for Striga. Striga damage rating value, striga
occurrence, and agronomic traits that contribute to grain yield are commonly used in selection for
resistance in corn. Notwithstanding the shift in focus from selection for tolerance to that in favor of
resistance, the Striga damage score still provides a basis for maize improvement for Striga resistance
(Menkir 2006). Tolerance, determined by the Striga damage score, is based on a scale of 19, where 1
means no symptoms of damage and the genotype is considered highly tolerant, while 9 means very
susceptible and severe damage (Kim and Adetimirin 1997). It has been found that a low Striga
damage rate is directly associated with an increase in grain yield at the same infestation level as the
susceptible maize genotypes (Badu-Apraku 2007; Menkir and Kling 2007). However, selection for
tolerance leads to the accumulation of a high striga seed bank. Genetic variants in crop plants have
been advanced for further improvement based on their ability to suppress parasitic attachment ladders.

5. EVALUATION OF GENETIC RESOURCES FOR STRIGA RESISTANCE

The development of genetically improved strains with Striga resistance is often straightforward given
the availability of reliable sources of resistance and the availability of efficient and easily controllable
as well as practical screening methods to create sufficient selection pressure (Rubiales, 2003). Various
controlled environment and field screening methods have been developed and applied in Striga
improvement programs. Evaluation of germplasm for resistance to parasitic weeds can be performed
in controlled and field environments. Controlled environments include laboratory and greenhouse
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conditions under artificial infestation, while field trials are conducted in either hotspot areas with
additional infestation to increase selective pressure.

6. BREEDING TECHNIQUES FOR S. HERMONTICA RESISTANCE IN MAIZE
Conventional Breeding

Conventional breeding techniques have been predominantly used in conferring superior combinations
of Striga resistance alleles among susceptible cultivated crops (Menkir et al. 2004).Hybrid breeding,
recurrent selection, half-sib selection, full-sib and, S1 family selection schemes have been
successfully utilized in developing resistance to most virulent Striga species in legumes and cereal. It
is relevant to explore the applicability of most conventional breeding techniques as they have been
utilized in various Striga resistance breeding programs. Striga resistance traits have been accumulated
successfully through recurrent selection in cereal crops. Through recurrent selection, genetic gains in
grain yield in segregating populations has been reported by (Menkir et al. 2004) and (Badu-Apraku et
al. 2006).

The HTA proposes to cluster and mate maize populations of different genetic make-up with
contrasting maturity groups and grain colors to create Striga-resistant breeding populations.
Quantitative trait loci (QTLs) for resistance to S. hermonthica have been identified from local
populations including wild relatives and successfully transferred into adaptable maize populations by
backcross breeding (Rich and Ejeta 2008). Germplasm obtained by the backcrossing method forms
the basis for further development of cultivars to achieve polygenic resistance to S. hermonthica. Such
inbreds of Zea diploperennis and tropical maize were essential for the development of S. hermonthica-
resistant open-pollinated populations such as Zea diplo SYNW-1, TZL Comp SYNW-1. This has
been a key resource for municipal corn production systems. Partial resistance to S. hermonthica has
also been observed in backcross hybrids from a resistant donor T. dactyloides (Gurney et al. 2003).
The backcrossing procedure is straightforward when a starting population or donor with a high
frequency of desirable alleles for Striga resistance is available. Rapid progress in establishing
resistance to S. asiatica can be achieved by identifying a donor with a high dominance of S. asiatica
resistance genes. In such a scenario, ideal recurring parents would be genotypes that combine early
maturity and high yield (Badu-Apraku et al. 2006).

Heterosis of hybrid cultivars can be useful to mitigate the effect of S. hermonthica on plant production
and productivity. With the increasing use of hybrid maize seed in West and Central Africa, IITA was
able to accumulate resistance to S. hermonthica in hybrid maize by crossing different inbred lines
(Menkir et al. 2004). This gives rise to S. hermonthica-resistant hybrids that can suppress parasite
emergence, with some producing high grain yields at high infestations (Karaya et al. 2012). The rapid
progress in the development of resistant S. hermonthica hybrids in IITA programs can be attributed to
the availability of stable resistant genotypes, which have been used as testers to evaluate the broad
pool of inbred lines for their overall mating abilities (Menkir et al. 2004). . However, conventional
breeding has proven to be time-consuming, largely if not entirely dependent on climatic and
environmental conditions, and therefore less effective (Ejeta and Gressel, 2007; Rispail et al., 2007).

Marker Assisted Breeding for Striga Resistance

Although conventional breeding has made significant contributions to improving maize resistance to
Striga, it has generally been slowed when targeting the complex quantitative trait of resistance to
Striga. Traditional breeding methods by screening resistant genotypes under natural or artificial striga
infestation are very expensive, time consuming and labor intensive. Marker-assisted selection (MAS)
is an efficient approach to increase the accuracy and efficiency of selection using markers that are
tightly linked to genes to complement phenotypic selection (Srivastava, R.K.; et al., 2020; Wang, X. ;
et al., 2019). Applying marker-assisted selection (MAS) is a surefire way to improve the efficiency of
the Striga resistance breeding program and reduce the inefficiency, lack of precision, and high costs
associated with traditional field screening for resistance in host plants. MAS can be facilitated through
the use of in vitro assays. These laboratory tests can aid in the rapid and effective phenotyping of
separating populations for specific resistance mechanisms to Striga. Marker assisted selections are an
indispensable element of most breeding programs as they reduce selection errors associated with
phenotypic assessments. In addition, phenotyping large pools of germplasm for Striga resistance is
expensive, making it challenging to generate sufficient data for high-resolution maker trait association
and QTL detection. Currently, there are limited reports on QTL conditioning Striga resistance in
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maize. However, a recent study involving marker-assisted recurrent selection for grain yield under
drought stress and Striga infestation elucidated the importance of this technique in accumulating
favorable genes for quantitative traits (Abdulmalik et al. 2017).

In general, corn breeding for Striga resistance has relied too heavily on field screening, the accuracy
of which can be confounded by a plethora of uncontrolled variation. As reported by (Ejeta and
Gressel, 2007), some Striga resistance genes are recessive, therefore some sources of resistance can be
discarded without molecular mapping. Therefore, the current S. hermonthica resistant genetic
resource, developed through lengthy and costly breeding cycles, could represent half of its potential.
Searching for striga resistance QTL in maize can also use the same approach of testing for resistance
QTL for low induction of striga germination and for genomic regions associated with field resistance.
This can be achieved by genotyping the maize gene pool at different stages of parasite development.
Crosses can be performed between recombinant inbred lines (RIL) derived from susceptible and
resistant backgrounds as reported in (Menkir et al. 2004). The resulting hybrids can then be examined
prior to fingerprinting in agar gel assay tests for histological response mechanisms to parasitic
infections for the Isgs gene as described by (Haussmann et al., 2004) and (Mutengwa et al. 2005).

Role of Genetic Engineering in Improving Maize Resistance to S. Hermonthica

Genetic engineering to improve host plant resistance to Striga is a promising approach and offers new
opportunities to develop improved cultivars. Over the years, scientists have increased research against
parasitic weed species, including Striga, by taking advantage of technological advances that allow
insertions, deletions of target genes, manipulation of specific protein sequences, and regulation of
plant metabolites involved in the synthesis of cellular structural components (Yoder 2013; Kirigia et
al. 2014). The studies aimed at the molecular characterization of host-plant-parasite interaction and
host resistance through expression analysis of the genes, proteins and metabolites involved in these
processes are the subject of increasing interest and offer weed researchers the opportunity to improve
the use of genetic transformation tools to control them of parasitic plants (Rispail et al., 2007; Aly,
2012). So far, no transgenic Striga-resistant millet plants have been reported and approved for
cultivation. However, understanding the biology of the early stages of Striga parasitism will help
identify potential barriers to the success of this technology.Although significant strides have been
made in genetic transformation, there have been very few reports of sorghum crops lagging behind
other cereals such as maize in terms of genetic transformation (Visarada and Kishore, 2015).
Regardless of the varying successes recorded by different workers in attempts to induce Striga
resistance, all reports reflect a great potential of RNAI in the development of transgenic maize capable
of suppressing the parasite's proliferation. (Yoder et al. 2009) and (Runo et al. 2011) have
investigated the use of RNA interference (RNAI) technology as a means of enhancing host resistance
to parasitic weeds. However, this approach was unsuccessful in controlling the maize striga parasite
interaction (Yoder and Scholes, 2010). Interfering double-stranded ribonucleic acid (dsRNA)
constructs in maize plants could silence the expression of genes responsible for susceptibility to S.
hermonthica parasitism (Kirigia et al. 2014).

7. CONCLUSION AND RECOMMENDATION

Among biotic constraints, Striga hermonthica is the most devastating and dominant factor in maize
production, causing up to 100% yield loss. The extent of damage depends on the timing and extent of
infection. Planting Striga-resistant maize varieties is currently considered the best control strategy and
is easy to apply, especially in combination with other management practices. Maize genotypes with
significant resistance to S. hermonthica are being developed by the International Institute of Tropical
Agriculture (IITA) and other national breeding programs. This was a significant milestone in
providing resource-poor corn growers in SSA with a cost-effective and effective Striga control option.
These genetic resources can serve as useful parents for breeding programs.

Conventional breeding techniques have been predominantly used to confer superior combinations of
Striga resistance alleles among susceptible crops. Since resistance to S. hermonthica in maize is
regulated by many genes, breeding for Striga-resistant cultivars using traditional approaches has been
less effective and time-consuming. The identification of QTLs associated with Striga
resistance/tolerance would facilitate the rapid development of Striga resistant/tolerant maize
genotypes using MAS due to the polygenic nature of the host-parasite relationship and its interaction
with environmental factors. Genetic engineering is another option for breeding Striga-resistant strains.
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It is a very promising approach and offers new opportunities for the development of improved
varieties. An ideal mix of inbred lines can combine both resistance and tolerance attributes in
resulting hybrids. As suggested by many researchers, a successful breeding program is one that can
identify and combine striga resistance and tolerance. Therefore, it is essential for any breeding
program to provide the breeder with a wide pool of genetic variation. The integration of different
breeding techniques to develop S. hermonthica-resistant corn varieties would help to reduce losses to
corn farmers from this parasite infestation.

REFERENCES

[1] Abdulmalik, R.O., Menkir A, Meseka SK, Unachukwu N, Ado SG, Olarewaju JD, Aba DA, Hearne S,
Crossa J, Gedil M. 2017. Genetic gains in grain yield of a maize population improved through marker
assisted recurrent selection under stress and non-stress conditions in West Africa. Front Plant Sci. 8:1-11.

[2] Admire Tichafa Shayanowako, Mark Laing, Hussein Shimelis To cite this article: Admire Tichafa
Shayanowako, Mark Laing, Hussein Shimelis & Learnmore Mwadzingeni.2017. Resistance breeding and
biocontrol of Striga asiatica (L.) Kuntze in maize: a review, Acta Agriculturae Scandinavica, Section B.Soil
& Plant Science

[3] Ahonsi MO, Berner DK, Emechebe AM, Lagoke ST. 2002. Selection of rhizobacterial strains for
suppression of germination of Striga hermonthica (Del.) Benth. seeds. Biol Control. 24:143-152.

[3] Aigbokhan EI, DK Berner, LJ Musselman, HD Mignouna 2000 Evaluation of variability in Striga aspera,
Striga hermonthica and their hybrids using morphological characters and random amplified polymorphic
DNA markers. Weed Res 40:375-386.

[4] Akanvou, L., Doku, E. V., & Kling, J. G. 1997. Estimates of genetic vari- ances and interrelationships of
traits associated with Striga resistance in maize. Africa Crop Science Journal, 5, 1-8.

[5] Akinwale, R, Badu-Apraku B, Fakorede M, Vroh-Bi I. 2014. 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. 156:48-62.

[6] Aly R. 2007. Conventional and biotechnological approaches for control of parasitic weeds. In Vitro Cell Dev
Biol. 43:304-317.

[7] Aly, R, Cholakh H, Joel DM, Leibman D, Steinitz B, Zelcer A, et al. 2009. Gene silencing of mannose 6-
phosphate reductase in the parasitic weed Orobanche aegyptiaca through the production of homologous
dsRNA sequences in the host plant. Plant Biotechnol J. 7:487-498.

[8] Anami, S., De Block, M., Machuka, J., & Van Lijsebettens, M. (2009). Molecular Improvement of Tropical
Maize for Drought Stress Tolerance in Sub-Saharan Africa. Critical Reviews in Plant Sciences, 28(1-2),
16-35.

[9] Atera, E. A., Ttoh, K., Azuma, T., & Ishii, T. 2012. Farmers’ perspectives on the biotic constraint of Striga
hermonthica and its control in western Kenya. WeedBiology and Management, 12(1), 53-62.

[10] Awata, L.A.O.; Beyene, Y.; Gowda, M.; Suresh, L.M.; Jumbo, M.B.; Tongoona, P.; Danquah, E.; Ifie,
B.E.; Marchelo-Dragga, P.W.; Olsen, M.; et al. Genetic analysis of QTL for resistance to Maize Lethal
Necrosis in multiple mapping populations. Genes 2020, 11, 32.

[11] Badu-Apraku B, Akinwale R. 2011. Cultivar evaluation and trait analysis of tropical early maturing maize
under Strigainfested and Striga-free environments. Field Crops Res. 121:186-194.

[12] Badu-Apraku B, Menkir A, Fakorede M, Lum AF, Obeng-Antwi K. 2006. Multivariate analyses of the
genetic diversity of fortyseven Striga resistant tropical early maturing maize inbred lines. Maydica. 51:551.

[13] Badu-Apraku, B., A. Fontem Lum, M.A.B. Fakorede, A. Menkir, Y. Chabi, C. The, M. Abdulai, S. Jacob,
and S. Agbaje. 2007. Performance of early maize cultivars derived from recurrent selection for grain yield
and Striga reistance. Crop Sci. (In press).

[14] Badu-Apraku, B., Fakorede, M. A. B., Oyekunle, M., Yallou, G. C., Obeng- Antwi, K., Haruna,
A, Akinwale, R. O. (2015). Gains in grain yield of early maize cultivars developed during three breeding
eras under multiple environments. Crop Science, 55, 527-539.

[15] Badu-Apraku, B., Fakorede, M., Gedil, M., Annor, B., Talabi, A. O., Akaogu, 1. C. Fasanmade, T. Y.
(2016). Heterotic patterns of IITA and CIMMYT early-maturing yellow maize inbreds under contrast- ing
environments. Agronomy Journal, 108, 1321-1336.

[16] Badu-Apraku, B.; Fakorede, M.A.B. Advances in Genetic Enhancement of Early and Extra-Early Maize for
Sub-Saharan Africa; Springer: Cham, Switzerland, 2017.

[17] Berner D, Winslow M, Awad A, Cardwell K, Raj DM, Kim S. 1997. Striga research methods. Manual, the

Pan-African Striga Control Network (PASCON) and the International Institute of Tropical Agriculture.
Ibadan, Nigeria: International Institute of Tropical Agriculture (IITA).

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 13



Breeding maize (Zea mays L.) for tolerance or resistance of Striga hermontheca.

[19] Bharathalakshmi, CR Werth, LJ Musselman 1990 A study of genetic diversity among host-specific
populations of the witchweed Striga hermonthica (Scrophulariaceae) in Africa. Plant Syst Evol
172:Biotechnol Dev Monitor 4, 48(48), 6-7.

[20] Bouwmeester, H. J., Matusova, R., Zhongkui, S., and Beale, M. H., (2003). Secondary metabolite
signalling in host—parasitic plant interactions. Current Opinion inPlant Biology,6:(4),358-364.

[21] Chitagu M, Rugare JT, Mabasa S. 2014. Screening maize (Zea mays) genotypes for tolerance to witchweed
(Striga asiatica L. Kuntze) Infection. J Agr Sci. 6:160-169.

[22] De Groote H. 2007. Striga economics. Integrating new technologies for Striga control: Towards ending the
witch-hunt. Singapore: World Scientific Publishing Company.

[23] Diallo A, Kanampiu F, Mugo S, De Groote H and Mbogo P 2005. “Herbicide Resistant Maize: A Novel
Method to Control Striga in Africa.” Paper presented at the 5" West and Central Africa Biennial Regional
MaizeWorkshop, 1ITA-Cotonou, Benin Republic

[24] Ejeta Gebisa, Gressel J. 2007. Integrating new technologies for Striga control: towards ending the witch-
hunt. World Scientific.

[25] Ejeta Gebisa, Mohammed A, Rich P, Melake-Berhan A, Housley TL, Hess DE. 2000. Selection for specific
mechanisms of resistance to Striga in sorghum. Breeding for Striga resistance in cereals.

[26] Ejeta Gebisa. 2007. Breeding for resistance in sorghum: Exploitation of an intricate host—parasite biology.
Crop Sci. 47:S-216-S227.

[27] Eplee RE. 1992. Witchweed (Striga asiatica): an overview of management strategies in the USA. Crop
Prot. 11:3-7.

[28] FAO. 2017. Sowing the Seeds of Peace for Food Security: Disentangling the nexus between conflict, food
security and peace, edited by C. Holleman, J. Jackson, M.V. S&nchez & R. Vos. FAO Agricultural
Development Economics Technical Study 2. Rome.

[29] Gasura, E.; Setimela, P.; Mabasa, S.; Rwafa, R.; Kageler, S.; Nyakurwa, C. Response of IITA maize inbred
lines bred for Striga hermonthica resistance to Striga asiatica and associated resistance mechanisms in
southern Africa. Euphytica 2019, 215, 151. [CrossRef] Agronomy 2020, 10, 1168 16 of 18

[30] Gressel, J., Hanafi, A., Head, G., Marasas, W., Obilana, A. B., Ochanda, J., & Tzotzos, G. 2004. Major
heretofore intractable biotic constraints to African food security that may be amenable to novel
biotechnological solutions. CropProtection, 23(8), 661-689.

[31] Gurney, A. L., Slate, J., Press, M. C., & Scholes, J. D. (2006). A novel form of resistance in rice to the
angiosperm parasite Striga hermonthica. NewPhytologist, 169(1), 199-208.

[32] Gutierrez-Marcos JF, Pennington PD, Costa LM & Dickinson HG (2003) Imprinting in the endosperm: a
possible role in preventing wide hybridization. Philos Trans R Soc Lond 358, 1105-1111.

[33] Haussmann B, Hess D, Omanya G, Folkertsma R, Reddy B, Kayentao M, et al. 2004. Genomic regions
influencing resistance to the parasitic weed Striga hermonthica in two recombinant inbred populations of
sorghum. Theor Appl Genet. 109:1005-1016.

[34] Haussmann B, Hess D, Reddy B, Mukuru S, Kayentao M, Welz H, et al. 2001. Pattern analysis of
genotypex environment interaction for Striga resistance and grain yield in African sorghum trials.
Euphytica. 122:297-308.

[35] Haussmann BI, Hess DE, Welz H-G, Geiger HH. 2000. Improved methodologies for breeding Striga-
resistant sorghums. Field Crops Res. 66:195-211.

[36] Haussmann BIG, Hess DE, Omanya GO, Folkertsma RT, Reddy BVS, Kayentao M, Geiger HH (2004).
Genomic regions influencing resistance to the parasitic weed Striga hermonthica in two recombinant inbred
populations of sorghum. Theoretical and Applied Genetics 109, 1005-1016.

[37] Irving, L.J., Cameron, D.D., 2009. You are what you eat: interactions between root parasitic plants and
theirhosts. Adv. Bot. Res. 50, 87 138.

[38] Joel, D.M., Hershenhorn, J., Eizenberg, H., Aly, R., Ejeta, G., Rich, P.J., et al., 2007. Biology and
managementof weedy root parasites. Hort. Rev. 33, 267 349.

[39] Kanampiu F, Ransom J, Gressel J, Jewell D, Friesen D, Grimanelli D, et al. 2002. Appropriateness of
biotechnology to African agriculture: Striga and maize as paradigms. Plant Cell Tiss Org. 69:105-110.

[40] Kanampiu FK, Kabambe V, Massawe C, Jasi L, Friesen D, Ransom JK, et al. 2003. Multi-site, multi-
season field tests demonstrate that herbicide seed-coating herbicide-resistance maize controls Striga spp.
and increases yields in several African countries. Crop Prot. 22:697-706.

[41] Kebede Mulugeta, Dorothee Ehrich, Pierre Taberlet, Nemomissa Sileshi And Christian Brochmann. 2007.

Phylogeography and conservation genetics of a giant lobelia (Lobelia giberroa) in Ethiopian and tropical
East African mountains. Mol Ecol 16:1233-1243.

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 14


http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref82
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref82
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref82
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref87
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref87
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref87

Breeding maize (Zea mays L.) for tolerance or resistance of Striga hermontheca.

[42] Khan, Z. R., Hassanali, A., Overholt, W., Khamis, T. M., Hooper, A. M., Pickett, J. A.,

[43] Khan, Z. R., Pickett, J. A., Wadhams, L. J., Hassanali, A., & Midega, C. A. O. (2006). Combined control of
Striga hermonthica and stemborers by maize— Desmodium spp. intercrops. Crop Protection, 25(9), 989—
995.

[44] Kim S-K, Adetimirin VO. 1997. Striga hermonthica seed inoculum rate effects on maize hybrid tolerance
and susceptibility expression. Crop Sci. 37:1066-1071.

[45] Kim, S.K., 1994. Genetics of maize tolerance of Striga hermonthica. Crop Science, 34(4), pp.900-907.

[46] Kingdon J 1990 Island Africa: the evolution of Africa’s rare animals and plants. Collins, London.

[47] Kirigia D, Runo S, Alakonya A. 2014. A virus-induced gene silencing (VIGS) system for functional
genomics in the parasitic plant Striga hermonthica. Plant Methods. 10:16.

[48] Mather, K., & Jinks, J. L. (1982). Biometrical Genetics (3rd ed.). London, UK: Chapman and Hall.

[49] Mbuvi, D. A., Masiga, C. W., Kuria, E., Masanga, J., Wamalwa, M., Mohamed, A., & Timko, M. P.

(2017). Novel Sources of Witchweed ( Striga ) Resistance from Wild Sorghum Accessions. Frontiers in
Plant Science, 8, 116.

[50] Melaku Gedil, M.; Abebe Menkir, A. 2019. An integrated molecular and conventional breeding scheme for
enhancing genetic gain in maize in Africa. Front. Plant Sci. 10, 1430.

[51] Menkir A (2006). Assessment of reactions of diverse maize inbred lines to Strigahermonthica (Del.) Benth.
Plant Breeding 125, 131-139.

[52] Menkir A, Chikoye D, Lum F. 2010. Incorporating an herbicide resistance gene into tropical maize with
inherent polygenic resistance to control Striga hermonthica (Del.) Benth. Plant Breeding. 129:385-392.

[53] Menkir A, Kling JG, Badu-Apraku B. 2004. Recent advances in breeding maize for resistance to Striga
hermonthica (del.) Benth.

[54] Mohamed AH, Housley T, Ejeta G. 2010. An in vitro technique for studying specific Striga resistance
mechanisms in sorghum. African J Agr Res. 5:1868-1875.

[55] Mohamed, A., Ellicott, A., Housley, T.L., Ejeta, G., 2003. Hypersensitive response to Striga infection
inSorghum. Crop Sci. 43, 1320 1324.Molecular Plant Pathology, 14(9), 861-869.

[56] Mutengwa C, Tongoona P, Sithole-Niang 1. 2005. Genetic studies and a search for molecular markers that
are linked to Striga asiatica resistance in sorghum. Afr J Biotechnol. 4:1355-1361.

[57] Mwangi, P., & Ely, A. (2001). Assessing risks and benefits: Bt maize in Kenya.

[58] Obilana, A. T., 1984: Inheritance of resistance to Striga {Striga hermonthica Benth.) in sorghum. Prot.
Ecol. 7,305—311.

[59] Olivier A, J-C Glaszmann, C Lanaud, GD Leroux 1998 Population structure, genetic diversity and host
specificity of the parasitic weed Striga hermonthica (Scrophulariaceae) in Sahel. Plant Syst Evol 209: 33—
45

[60] Pathi, K.M., Tula, S., Huda, K.M.K., Srivastava, V.K., & Tuteja, N. (2013). An efficient and rapid
regeneration via multiple shoot induction from mature seed derived embryogenic and organogenic callus of
Indian maize (Zea mays L.). Plant Signaling & Behavior, 18(3), 303-315.

[61] Ransom J, Kanampiu F, Gressel J, De Groote H, Burnet M, Odhiambo G. 2012. Herbicide applied to
imidazolinone resistant-maize seed as a Striga control option for smallscale African farmers. Weed Sci.
60:283-289.

[62] Ranum P, Pefia-Rosas JP, Garcia-Casal MN. 2014. Global maize production, utilization, and consumption.
Ann NY Acad Sci. 1312:105-112.

[63] Reda F, Butler L, Ejeta G, Ransom K. 1994. Screening of maize genotypes for low Striga asiatica
stimulant production using the’agar gel technique’. Afri Crop Sci J. 2:173-177.

[64] Redinbaugh, M.; Pratt, R. Virus resistance. In Handbook of Maize: It’s Biology; Bennetzen, J.L., Hake,
S.C., Eds.; Springer: New York, NY, USA, 2009; pp. 251-268.

[65] Reynolds, T. W., Waddington, S. R., Anderson, C. L., Chew, A., True, Z., & Cullen, A. (2015).
Environmental impacts and constraints associated with the production of major food crops in Sub-Saharan
Africa and South Asia. FoodSecurity, 7(4), 795-822.

[66] Rodenburg J, Bastiaans L. 2011. Host-plant defence against Striga spp.: reconsidering the role of tolerance.
Weed Res. 51:438-441.

[67] Rodenburg, J.; Bastiaans, L.; Kropff, M.J.; van Ast, A. Effects of host plant genotype and seed bank density
on Striga reproduction. Weed Res. 2006, 46, 251-263.

[68] Rouf Shah, T., Prasad, K., & Kumar, P. (2016). A potential source of human nutrition and health: A review.
Cogent Food & Agriculture, 2(1), 1-9.

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 15


http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref123
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref123
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref123

Breeding maize (Zea mays L.) for tolerance or resistance of Striga hermontheca.

[69] Rubiales D, Fernandez-Aparicio M, Pérez-de-Luque A, Castillejo MA, Prats E, Sillero JC, et al. 20009.
Breeding approaches for crenate broomrape (Orobanche crenata Forsk.) management in pea (Pisum sativum
L.). Pest Manag Sci. 65:553-559.

[70] Rubiales D, Pérez-de-Luque A, Fernandez-Aparico M, Sillero JC, Roman B, Kharrat M, et al. 2006.
Screening techniques and sources of resistance against parasitic weeds in grain legumes. Euphytica.
147:187-199.

[71] Rubiales, D., 2003. Parasitic plants, wild relatives and the nature of resistance. New Phytol. 160, 459

[72] Ruyter-Spira, C., Kohlen, W., Charnikhova, T., van Zeijl, A., van Bezouwen, L., de Ruijter, N., &
Bouwmeester, H. 2011. Physiological effects of the synthetic strigolactone analog GR24 on root system
architecture in Arabidopsis: another belowground role for strigolactones? Plant Physiology ,155(2), 721-
34.

[73] Safa SB, BM Jones, LJ Musselman 1984 Mechanisms favoring outbreeding in Striga hermonthica
(Scrophulariaceae). New Phytol 96: 299-305.

[74] Spallek, T., Mutuku, M., & Shirasu, K. 2013. The genus Striga: A witch profile.

Srivastava, R.K.; Singh, R.B.; Pujarula, V.L.; Bollam, S.; Pusuluri, M.; Chellapilla, T.S.; Yadav, R.S.; Gupta,
R. Genome-wide association studies and genomic selection in PearIMillet: Advances and prospects. Front.
Genet. 2020, 10, 1389.

[75] Teka, H. B. 2014. African Journal of Plant Science Advance research on Striga control: A review, 8(11),
492-506.

[76] Thomson, J. A. (2008). The role of biotechnology for agricultural sustainability in Africa. Philosophical
Transactions of the Royal Society B: BiologicalSciences, 363(1492), 905-913.

[77] Van Bueren, E.T.L.; Backes, G.; De Vriend, H.; @stergard, H. The role of molecular markers and marker
assisted selection in breeding for organic agriculture. Euphytica 2010, 175, 51-64.

[78] Visarada, K.B.R.S., Kishore, N.S., 2015. Advances in Genetic Transformation. In: Madhusudhana, R., et
al.,(Eds.), Sorghum Molecular Breeding. Springer (India) Pvt. Ltd., pp. 199 215.

[79] Wang, X.; Liu, H.; Pang, M.; Fu, B.; Yu, X.; He, S.; Tong, J. Construction of a high-density genetic linkage
map and mapping of quantitative trait loci for growth-related traits in silver carp (Hypophthalmichthys
molitrix). Sci Rep. 2019, 9, 17506.

[80] Wondimu Bayu, Selomon Binor and Legesse Admasu. 2001. Tolerance of sorghum landraces and varieties
to Striga (Striga hermonthica) infestation in Ethiopia. Acta Agronomica Hungarica 49(4): 343-349.

[81] Woodcock, C. M. (2002). Control of witchweed Striga hermonthica by intercropping with Desmodium
spp., and the mechanism defined as allelopathic. Journal of Chemical Ecology, 28(9), 1871-1885.

[82] Yagoub, S. O., Hassan, M. M., Gani, M. E. A, El, A., & Babiker, G. E. (2014). Screening Sorghum for
Resistance to Striga Hermonthica( Del .) Benth, 3(3), 1-5.

[83] Yoder, J. I. (2001). Host-plant recognition by parasitic Scrophulariaceae. CurrentOpinion in Plant Biology,
4(4), 359-365.

[84] Yoder, J.I., Gunathilake, P., Wu, B., Tomilova, N., Tomilov, A.A., 2009. Engineering host resistance
againstparasitic weeds with RNA interference. Pest Manage. Sci. 65, 460 466.

[85] Yoder, J.I., Scholes, J.D., 2010. Host plant resistance to parasitic weeds; recent progress and bottlenecks.
Curr.

Citation: Hayilu Gichile, (2023). “Breeding maize (Zea mays L.) for tolerance or resistance of Striga
hermontheca. ” International Journal of Research Studies in Agricultural Sciences (IJRSAS), 9(9), pp. 7-16
DOI: http://dx.doi.org/10.20431/2454-6224.0909002

Copyright: © 2023 Authors. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
Q’-}dium, provided the original author and source are credited. j

International Journal of Research Studies in Agricultural Sciences (IJRSAS) Page | 16


http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref160
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref185
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref185
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref185
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref200
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref200
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref200
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref199
http://refhub.elsevier.com/B978-0-12-804549-7.00006-8/sbref199

