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Abstract 

llliS study was designed to identify and characterize new sources of variations in Striga 

resistance. Four hundred and rn:enty ( 420) maize genotypes which included 370 landraces, 10 

improved populations, 36 inbred lines and 4 commercial checks were used both in laboratory and 

field studies. In the laboratory experiments, preconditioned Striga seeds were dabbed on glass 

fibre discs and arranged radially away from the source of germination stimulants in petridishes. 

Stnga germination counts were made after 24-48 hours under the light microscope. Field 

evaluation was conducted under both artificially infested and Striga free plots. Twenty inbred 

lines of putative diverse resistance sources were crossed in a Line x Tester fashion where 14 

inbred lines were designated as females and 6 (liT A) inbred lines as males to generate 84 F 1 

hybrids. Highly significant differences (P- 0.001) among the gennplasm in terms of production 

ofStriga germination stimulants were exhibited in the laboratory. Landraces CRJC 51, CUBA-T-

31. BRAZ 1758, BRAZ 1279 and VERA 217 had the lowest Striga germination ranging from 

3.7- 5.9% and inbred lines were generally found to significantly {P=O.OOl) induce higher Striga 

germination as opposed to the land races. The best performing land races were CI-llS 53, JAMA 

8, SNLP 104, P AZM 14140 and CUBA-1-66 and these outperformed the commercial checks 

with a yield of between 50 and 80% under Striga infestation. The inbred lines 11-30-19 and 

OSU231//56/44-6-4-17-3 consistently performed well under both Striga free and Striga infested 

environments.The best performing Fl hybrids yielded an average of6.8 tlha which was 127% 

above the commercial checks. A preponderance of additive gene effects and relatively little 

dominance gene effects in the inheritance of Striga resistance traits was exhibited. Inbred lines 

TESTR 151 and OSU231 //56/44-6-4-17 were the best general combiners. These studies 

identified 5 landraces, 2 inbred lines and 15 single crosses as new sources of resistance to S. 

hermothica which should be of great potential for use in breeding programs in eastern Africa 

XVI 



CHAPTER ONE 

General Introduction 

Maize is an important cereal crop in Africa. It constitutes the staple diet of a large population in 

sub-Saharan Africa as evidenced by high average annual consumption levels of 79kg per capita 

in the continent and 125 kg per capita in Kenya (PingaJi, 2001 ). Maize is used for three main 

purposes: as a staple human food, in the developing countries. as livestock feed in the developed 

countries, and finally as raw material for many industrial products (Onwueme and Sinha, 1991 ). 

The demand for maize in the developing countries is expected to increase to about 504 million 

tons by 2020 which will surpass the demand for both wheat and rice (IFPR12000). There is 

therefore need to develop new high yielding hybrids and open pollinated varieties (OPVs) of 

maize with high resistance levels to production constraints such as Slriga spp. For example 

Kenya's population increased from 27 million in 2005 (CBS, 2005) to about 40 million people by 

2009 (CBS, 2009). This calls for increased production per unit area to ensure self-efficiency in food 

production. Kenya's per capita arable land declined from 0.23 ha in 1981 to 0.15 ha in 1996 (World 

Bank~ 1998), it is still declining. Growing of high yielding and resistant maize varieties to production 

constraints would offer a solution for food security. 

In 1989 the global area under maize production was 129.6 million hectares with a yield of 4 70.3 

million tonnes (Onwueme and Sinha, 1991 ). This has increased to about 160 million hectares 

(FAO, 2009). About 100 million hectares are grown in the developing world. The average maize 

productivity is 2.4 t ha"1 in developing countries compared to 5.12 t ha"1 in the developed world 

(Faostat, 2009). In Kenya, 1.9 million hectares were estimated to be under maize cultivation in 

2009, with an average grain production of2.5 million tonnes per year (F AO, 2009). Maize was 

introduced in Kenya to offset food shortages during the early years of the 20th century resulting 
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from dtsease epidemics, drought and locust invasions that decimated sorghum and millet, the 

traditional crops, but quickly replaced these crops to the present prominence (Miracle, 1966). 

The production and utilization potential of maize in the recent times is attracting the attention of 

research scientists. Major national and international research organizations have been involved in 

providing solutions to various production and marketing problems. These maize production 

constraints include~ low grain yield. susceptibility to pests and diseases, adaptation to the specific 

grO\\ing ecologies, and yield loss that result from the devastating effects of drought, low soil 

fertil ity and Striga parasitic weed (Kim, 1994). 

Maize being the main staple food crop in Kenya is predominantly grown in the high to medium 

potential agricultural areas, which are also highly populated. Land sub-division as a result of 

population increase has also played a major role in reducing the agricultural arable lands 

hampering productivity. Nyanza and Western provinces, the major maize growing areas have 

population densities of between 350- 406 persons/km2
, respectively (CBS, 2009). Fanners in 

these areas grow hybrid maize varieties with a potential yield of up to 8 t ha"1
, but realize less 

than 1 t ha·' because of low soil fertility, Striga weeds, pests and diseases. 

Srriga hermonthica is a root parasitic weed that inhibits host growth by competing for nutrients 

and impairing photosynthesis. It is one of the most important biological constraints to maize 

production in sub- Saharan Africa. Twenty three (23) species are found in Africa of which, 

Striga hermonthica (Del.) Benth infests about 400/o of the arable land causing 30- 100% loss in 

maize yield in East Africa (Khan eta/., 2001; Gressel el a/., 2004). Jn Africa, nearly 100m ha of 

the African savannah are infested annually with Striga. where about 2.3 m ha of land is in 

eastern and western Africa of which 210,000 ha are in Kenya (Kanampiu and Friesen, 2003). ln 

the Kenya's Lake Victoria region, about 80,000 ha of maize crop are severely infested with 
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\'triga. causing an estimated annual loss of US $10 million to maize fanners (Abayo eta/ .. 

1998). The yield loss associated with this infestation ranges from 20 to 800/o and sometimes 

complete ) ield loss has been reported under heavy Striga infestation (Berner et a/., 1995). Yield 

loss due to Striga infestation is more serious in highly populated areas where soil fertility is low 

due to continuous cropping and erratic rains. Thus development of new drought tolerant maize 

cultivars adapted to these areas with higher Striga resistance levels should be explored to curb 

this problem. 

Witch weed (Striga spp) are pernicious root attaching parasitic weeds found in the sub- Saharan 

Africa. A single Striga plant can produce up to 200,000 small dust-like seeds that survive in the 

soil for up to 20 years (Gressel, et al., 2009). ln western Kenya. there are about 61-158 millionS. 

hermonthica seeds per hectare in the soils (Khan et al., 2006; Vanlauwe et a/. , 2008). 

Production of large number of seeds coupled \\ith ability to remain viable in the soil for a long 

period and continuous growing cereals leads to a buildup of a big seed bank in the soil. Growing 

crops continuously, that is often associated with decline in soil fertility further makes the Striga 

problem more complex (Oswald, 2005). Identification and testing of maize cultivars with tolerance 

to abiotic stresses such as drought and low nitrogen would help in managing Striga menace in 

resource poor farmers' fields. Striga hermonthica attack cereal crops such as sorghum, millets, 

rice and maize (De Groote eta/., 2008; Oswald, 2005). 

Striga seeds are triggered to germinate by the presence of a potential host or non host through the 

production of germination stimulant (Oswald, 2005). The parasite attaches to the crop roots and 

becomes a major sink for crop photosynthate (Gurney et a/. , 1995) and it also exerts phytotoxic 

effects on the crop growth thus resulting in yield reduction. Identification of maize varieties with 

low germination stimulant production would reduce the intensity of infection resulting to 

increased maize yields. The host specificity is achieved by chemical cues from the host plant. On 
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gcnnination, Striga attaches to the host plant roots through the haustoria and continues to feed 

for several weeks while living underground. By the time Striga emerges from the soil. it has 

already caused damage on the host plant. Management of Striga should therefore aim at 

restraining development. seed productions and depletion of the Striga seed bank in the soil by 

growing resistant maize hybrids and OPV s which would not support Striga plants to maturity. 

Several technologies have been developed to control the development of Striga. These strategies in 

isolation are however, not effective. Pre-emergence herbicide, such as Dicamba has been used to 

control Striga (Kanampiu et al .. 2005}, but the small spectrum of selectivity limits its use in 

intercrops while the possible post-emergence herbicide 2,40 is applied when substantial damage is 

already done. The use of IR (lmidazoline-Resistant) maize where herbicide imazapyr inhibits 

acetolactate synthase is coated on herbicide resistant mutant maize has been promoted for some time 

(Kanampiu et a/., 2003). This technology is inexpensive, environmentally safe and fits well within 

the existing cropping systems. The technology reduces the Striga seed bank as it kills any seed that 

comes into contact with the chemical while trying to attach to the maize roots. However, due to the 

smaller quantities of the chemical used (30g/ha), some Striga seeds germinates later in the season 

making the technology not feasible for the farmers on its own. Mechanical weeding and hand pulling 

have traditionally been used, but these are tedious and take a long time before their effects are 

evident. Ransom and Odhiambo ( 1994) found that hand weeding of Striga before seed set resulted in 

an increase in maize yield only after four seasons of implementation. However, weeding is effected 

when a lot of damage has already been done. Application of higher rates of nitrogen ferti lizer (> 120 

kglha) has also been suggested as a means of Striga control (Mumera and Bellow, 1993}, but it is not 

affordable to the resource poor farmers. In Kenya, maize cultivars such as, KSTP94, Nyamula, and 

Wll502 have been identified to have some good levels of tolerance to Striga hermonthica 

infestations (Woomer, 2004). However under a heavy Striga infestation intensity the tolerance 
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breaks d0\\11 and the varieties succumb to infection. Identification of new sources of resistance to 

Stnga should therefore. be explored in order to develop new maize hybrids which would be able to 

\\ilhstand higher Striga infestation levels. 

There have been efforts to to research on ways to control Striga weed for over 50 years in the 

sub Saharan Africa region. However, Striga distribution and intensity continues to increase 

drastically due to various factors. These include high growth of human populations resulting in 

increased population pressure and intensified land use to increase food production, 

intensification of traditional cropping systems, reduction of fallow periods and the increasing 

need for major staple food crop cultivation (Kiruki, 2006). In maize, the development of host 

plant resistance (HPR) has been limited, though it is the most economically feasible and 

environmentally friendly means of Striga control. 

In a series of studies at the international Institute of Tropical Agriculture (liT A), Kim, (1994) 

found some maize varieties that were tolerant to Striga. He concluded that the genetic control for 

tolerance and resistance of maize genotypes tested to S. hermonthica was polygenic and the 

inheritance was quantitative. Twenty inbred lines and seven synthetics which were found to be 

tolerant and resistant to S. hermonthica were developed by 1994 from diverse germplasm 

through artificial infestation with seeds obtained from various host crops, (Kim, 1994). Some of 

these germplasm were used in the current work to test their efficacy under Kenyan conditions 

and to measure their combining abilities that can be used to develop new mai.ze hybrids adapted 

to eastern Africa 

Host plant resistance such as mutation have been used widely in efforts to breed biotic stress 

tolerance and disease resistant lines with some success (Cassels and Doyle, 2003). Some work on 

maize transposon induced mutator lines with Striga resistance was conducted by Kanampiu 
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(Personal communication) and several lines \\ere identified to haveS. hermonthica resistance in 

Alupe and Kibos in Western Kenya. These are transposon induced mutator lines. Transposons 

are genetic elements capable of moving within and bct\\een continuous segments of genetic 

materia l and are likely to be ubiquitous contributors to genome structures. Mutator transposons 

are elements that are k:no\\11 to turn on and ofT processes in plants e.g. in the production of Striga 

germination stimulants. Some of these mutator lines were used in the combining ability 

studies. The best combining lines were used in the development of maize hybrids resistant to 

Striga hermonthicai in the current studies. 

The combining ability of inbred lines is a factor that determines the usefulness of the lines in 

hybrid combinations. The value of the line can best be expressed through the performance of 

crossing combinations (Hallauer and Miranda. 1981). The terms general (GCA) and specific 

(SCA) combining ability were introduced by Sprague and Tatum (1942). In the original sense, 

the GCA can be determined by using a broad base heterogeneous population as tester, while the 

differences in the SCA can be revealed using a tester with a narrow genetic base (inbred line or 

single cross). Understanding the combining ability of Striga resistant inbred lines can be 

important in the development of new maize hybrids resistant to S.hermonthica. 

None of the existing Striga control methods have given complete control for the small scale 

farmers due to high fecundity and the mismatch between technologies and the farmers' socio­

economic conditions (Kiruki , 2006). This study therefore, focused on pyramiding of the already 

existing Striga control approaches such as host plant resistance, herbicide resistance and use of 

maize mutants to develop superior germplasm for Striga resistance. 
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1.1 Problem statement and justification 

The Striga prone areas of Western Kenya represents part of the largest fraction of medium to 

high potential agricultural land in the country. The area receives adequate (1800-2000mm) 

rainfall for food production, but many people still go hungry because of low food production. 

Farmers grow high yielding improved maize varieties with potential yield of 8 t ha"1 but realize 

less than 1 t ha·•. Striga hermonthica has emerged as one of the major constraints to cereal 

production in these Striga prone areas (Kiruki, 2006). The problem is compounded by erratic 

rains as a result of climate change and expansion in farming to less potential areas because of the 

high human population density. Continuous cropping of susceptible cereals season after season 

results in addition of large quantities of Striga seeds into the soil. In badly infested fields, Striga 

causes up to 100% crop yield loss and is responsible for abandonment of large parcels of land. In 

addition to enhancing the Striga seed bank, continuous cereal cultivation also contributes to the 

depletion of soil fertility. 

Several Striga control methods in maize have been developed and suggested over the years but 

none of these methods have been widely adopted by the farmers, due to issues such as labor and 

financial constraints, and the fact that their benefits are not quickly evident in the short term but 

only in the long term. Single Striga control strategies used in isolation may be inadequate, 

although host plant resistance is the easiest for farmers to adopt and use as it is incorporated in 

the seeds as opposed to all other techniques. Growing of maize cultivars with higher Striga 

resistant levels in form of low production of germination stimulants would offer solutions in 

reduction of Striga seed bank in the soil and this would result in an increase of maize yields. 

Evaluation and characterization of new sources of resistance to Striga will give farmers and 

breeders more options towards effective Striga control and management strategies. Incorporation 
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of host plant resistance from transposon induced mutants. drought tolerant background \\ith the 

available Striga control methods such as use of imidazolinone resistant maize inbred lines (IR­

maize) and other agronomic practices offer the small scale resource poor farmers more 

affordable and feasible Striga control and management alternatives. If new cultivars have to be 

F1 h} brids or synthetics, then infonnation on combining ability of the Slriga resistant inbred lines is 

essential in making decisions on the usefulness of the inbred lines. 

1.2 Objectives 

1.2.1Br oad objective: 

To identify and characterize new sources of Striga resistance in tropical maize. 

1.2.2 Specific objectives 

1. To identify gene bank maize accessions and elite inbred lines with low Striga 

germination stimulants 

2. To identify new sources of Striga resistance in drought tolerant germplasm gene bank 

accessions, improved open pollinated varieties and maize inbred lines. 

3. To determine and study combining ability of Striga resistant maize inbred lines 

1.3 Hy potheses 

1. There exist useful maize accessions with low levels of Striga germination stimulants. 
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2. New sources of Striga resistance can be found among drought tolerant gene bank 

accessions, improved open pollinated varieties and maize inbred lines. 

4. There exist maize inbred lines with good GCA and SCA from among available Striga 

resistant maize inbred I ines. 
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CHAPTER TWO 

GENERAL LITERATURE REVIEW 

2.1 Striga Species 

The genus Striga in the Scrophulariacea family is composed of about 50 species, which are all 

parasites of tropical cereals and legumes of which, Striga hermonthica (Del.) Benth, S. asiatica (L.) 

Kuntze and S. gesnerioides cause the most economically significant damage to cereals in Africa 

(Butler, 1995). Striga hermonthica infect and cause serious damage to major crops like maize, 

sorghum, millet. sugarcane and upland rice. It is one of the most important weeds limiting maize 

production in Striga prone areas in western Kenya (Oswald and Ransom, 200 I). Striga hermonthica 

is most severe in areas where soil fertility is low and population densit} is high (Oswald, 2005). In 

Nigeria. the farmers' common field management practices were found to lead to aS. hermonthica 

seed bank increase by 46% (Franke, et a/., 2005). Striga hermonthica reduce yields by competing for 

water. nutrients and photosynthates with the host plants (El-Halmouch eta/., 2005). The parasite 

does not only act as an additional sink but also has a strong 'phytotoxic' or 'pathological ' effect 

on the host (Press and Gurney, 2000; Ast, 2006). 

ln Africa, crop yield losses associated with Striga related infection is about 40% and represents an 

annual loss of cereals worth US$7 to 13 bi Ilion (Khan et a/., 200 I). In East Africa, S. hermonthica is 

the most important species causing an estimated 20-100% total loss for maize, sorghum and millet 

(Fmechebe and Ahonsi. 2003). In Kenya. Striga is most pronounced in Nyanza and some parts of 

Western provinces and the coastal strips. where it occurs in about210,000 hectares resulting in crop 

losses accounting for about US$ 53 million per year (Hassan eta/., 1995). In addition, to yield 
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reduction. Srriga also cause farmers to abandon arable fields resulting in food insecurity and 

malnutrition (Gressel eta/., 2004). 

2.2 Striga in Sub-Saharan Africa 

Striga is native to the grasslands of the African tropics, reaching their greatest diversity in the 

region where they have co-evolved with cereals (Gressel eta/., 2004). Striga hermonthica is 

distributed throughout the semi arid tropics of Africa, east to west. throughout the semi arid areas 

of Ethiopia to the moist savannah of west Africa, and extends to south western Arabia down to 

1\amibia in the south (Riches and Parker, 1995) (Figure 2.1 ). Striga hermonthica attacks maize 

and sorghum, but also other crops including sugarcane, finger millet, napier grass and other 

native grasses (Woomer, 2004) while Striga gesnerioides parasitizes dicotyledonous plants such 

as cowpea resulting to yield loss ranging from 41 to 83% (Berner et al., 1995) 

Striga infestation has worsened with farmers shifting preference to cereal crops including 

sorghum and millets which produce relatively low but sustainable yields compared to the high 

yielding maize crop. Maize did not evolve under Striga pressure and, may therefore possesses 

Little or no resistance to Striga spp (Berner el al., 1995) resulting in high yield loss ( 20 to 80%) 

and sometimes complete crop loss. 
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Figur~ 2.1 Striga mfc::.tation in Afri~.:a . (Adapted from a report b} Gre'>')c!l ct ai .,:!004). 

The i n fe~tation worsens every ... ea ... on becau<o,e of continued addition of eed v.hich can <o,tay 

\ iable for a long time into the ~oil. 

2.3 Striga lifecycle 

Striga emergence typically starts \Orne 2-3 week after forming the attachment (Parker and 

Riches, 1993) (Figure 2.2). After emergence, Striga ~hoots become chlorophyllous and arc 

capable o f carrying out photosynthc~i ... making it a hemi-para ... itc. At thi stage it is capable of 

photo ynthe'>is. but remains partially dependent on the ho t for water. minerals and some 

a'>.,imilates. However, the rate of photo..,ynthesis ob erved in Strtga is low, (0.5 and 8.0 ~tmol m·2 

.., 
1 

) and estimated proportion of ho<.;t derived carbon by Strtga is 28- 89% (Cechin eta/., 1993). 

On attachment Striga plant nowcr in about 6 weeks, mature in 2 week and shed seeds within 4 

week., o f nowering (Parker and R1ches, 1993). The relea ed seeds are hardly visible to naked eye 

(about 0.3 mm long) and weigh only about 8 ug each. They arc ho\vever produced in huge 

number (50,000- 200.000 seeds per plant) (Kanampiu et al., (2005). Striga eeds are d1 pcr~ed 
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hy animaL, wind, water and u e of contaminated farm implement... a~ \\CII as contamination of 

'O\\ ing ~eed (Pre .. s and Gurney, 2000). 

E m_ergence 
2-3 weeks post 
attachment 

Attachment 
7 days 
post 
germination 

Gernllnatloo 
8-12 hours 

post exposure 
to gennination 

stimulant 

Frgur~ 2.2. The life C)cle ol Strrga hermonthica (Adopted from Gre\\cl c1 al 2004) 

Flowering& 
Seed Set 
3-9 weeks 
post 

After- ripening 
& Condlt1onln@ 
1-7 weeks 
post seed 
dispersal 

s·m~a ))eed have great ability to urvhc the dr} eason and build up into a large seed bank 

v•ithin a very hort time (Weber et al .. 1995; Rodenburg, 2005). Inten.ention through interfering 

\\ith the lifecycle ts one of the ideal approache.;; in managing Stnga. Growing of resistant mai1.c 

cultivan. is likely to interfere with the normallifecycle ~the emerged Strif?a plants do not grow 

normall) (Fakorede, pcr.,onal communication.). 
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2.3.1 Germination and stimulation 

Seeds of most parasitic plants will readily germinate if appropriate environmental conditions 

(v.armth, Y.ater. oxygen and temperature) are met. Some parasites such as those of the genera Striga, 

Alectra and Orobanche rely on host-derived germination factors. Identifying and understanding the 

germination stimulants and mechanisms involved is imponant for the control of these types of weeds. 

Striga hermonthica has the ability to produce enormous number of seeds which can stay dormant for 

more than 20 years in the absence of a suitable host (Berner eta/., 1997; Gressel et al .. 2004). The 

host- parasite interaction begins when germination of Striga seed is triggered by hosts' root exudates. 

The seeds require a dormant after- ripening period of several months and exposure to moist and 

wann (22° C to 35° C) conditions for I to 3 weeks before responding to a germination stimulant 

(Parker and Riches, I 993; Aigbokhan et a/., 1998). This period is called pre-conditioning (Parker and 

Riches, 1993). Even after conditioning, only a few Striga seeds germinate. The parasite uses this as 

survival mechanism which helps to build a seed bank in the soils (Ejeta eta/., 1992). In this study 

different maize germ plasm will be tested for their levels of production of germination stimulants to 

Striga germination. Low production of germination stimulants results into few Striga seeds 

germinating which translates into few attachments. 

After conditioning, Striga seeds respond to the germination stimulants exuded by roots of hosts and 

even some non-host within three hours to 24 hours (Ejeta and Butler, 1993). In the absence of a 

suitable germination stimulant, a pre-conditioned seed reverts back to "wet dormancy" in the soil. 

The adaptation is of evolutionary significance since the tiny seeds with limited food reserves cannot 

support the seedling for many days after germination unless the host root is invaded (Bouwmeester et 

a/., 2003). The stimulant dependent germination has a significant ecological impact as it ensures that 

Striga seed does not germinate unless a stimulus-exuding host is present and growing. 
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2.3.2 Tbe impact of Strlga hermonthica on the host 

lbe effect of Striga on its host occurs in different ways. Competition for carbon assimilates. 

water, mineral nutrients and amino acids results to reduction in growth of the host plant (Taylor 

and Seel. 1998: Ast. 2006). As a result of Striga infestation, growth inhibitors (abscisic acid and 

femasol) in the host increase. and growth promoters (cytokinins and gibberellins) decrease due to 

host stress response, generally impairing the host growth and reproduction (Frost, 1997). Striga 

continues to benefit from its host after emergence despite its green leaves (See! et a/., 1992; 

Rodenburg, 2005). The parasite does not only act as an additional sink but also has a strong 

·phy1otoxic' or 'pathological' effect on the host (Press and Gurney, 2000; Ast. 2006). Some of 

these effects are due to the disturbed hormonal imbalance in Striga-infected host plants which is 

usually characterized by increased levels of abscic acid (ABA) and decreased levels of 

cytokinins and gibberellins (Frost eta/., 1997; Taylor et al., 1996; Ast, 2006). Through altering 

the host hormonal balance, Striga affects host biomass allocation, resulting in the root systems of 

infected plants being greatly stimulated, while the shoot is stunted and reduced (Parker and 

Riches, 1993). 
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Plate 2.1. Effect of Striga infection on host biomas allocation 

The parasi te aho affect-, ho')t photosynthe i leading to more b1omas~ allocation to the root~ at 

the e:'tpen e of the stem (Grave~ et al., 1989; Rodenburg, 2005) (Plate 2.1 ). Tmn~piration rate'> of 

abo\-e ground Srriga exceed that of it host, ho .. ., liule to no re ponse to darknes~ and only 

reduces when the hostJs c;ubjected to water stre. (Rodenburg, 2005). This is basically to ensure 

a constant flux of water from the host to the parasite (Pageau er al., 2003), Srriga reduces the 

water u e efficiency and strongly affects the water economy of it host through its high 

tran.,piration rates and by reducing the stomatal conductance of the ho\l plant (Gebrcmedhin et 

a! .. 2000; Gurney ei al .• 1995; Rodenburg, 2005; Ast, 2006). Striga ymptom~ of para'>itism arc 

often dramatic but non-de. cript, re-.cmbling drought stre , nutrient delicienc) and vascular 

di..,e~ e. Severe plant stunting often results in highly su ·ceptible maJLe variet ies and eventually 

total )Jeld to (Berner er al .• 1995). 
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2.4 Combining ability 

General combining ability (GCA) of a line is the mean pcrfonnance. when expressed as a 

deviation from the mean of all crosses in a trial. It is the average value of all Fl's having this line 

as one parent. the value being expressed as a deviation from the overall mean of crosses. Any 

particular cross. then has an 'expected' value which is the sum of the GCA abilities of its two 

parentals. The cross may, however, deviate from this expected value to greater or lesser extent. 

Specific combining ability (SCA) is the deviation of the two parental lines of a cross in a 

combination (Falconer, 1996). In statistical terms, the general combining abilities are main 

effects and specific combining ability is an interaction. According to Falconer (1991 ) the true 

mean X of a cross between lines P and Q can thus be expressed as: 

x-x = GCAP+GCAQ+SCAI'Q 

Where x = mean of all crosses. 

X Trucmean 

GCA P General combining ability for line P 

GCAQ General combining ability for line Q 

SCAPQ Specific combining ability of the cross between line P and Q. 

GCA and SCA are always relative values and depend greatly on the performance of the inbred 

lines involved in the combinations. The value ofGCA tends to express additive gene effects, 

\\bile SCA is more indicative of dominant and epistatic effects (Spitko et al., 201 0). In our 

current study the combining ability studies will help us in the identification of the best combiners 

for Striga resistance traits which can further be used in the development good single cross or 

three way cross hybrids. 
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2.4.1 Estimation of combining ability 

fbe method that is convenient for usc with plants is kno\\.n as the polycross method. A number 

of plants for all the lines to be tested arc grown together and allowed to pollinate naturally, self 

pollination being prevented by the natural mechanism for cross pollination. or by the 

arrangement of the plants in the plot. The seeds from the plant of one line are therefore a mixture 

of random crosses with other lines. (i.e. 'polycross') and their performance when grown tests the 

GCA of that line. The GCA measured is those of lines used as female parents. 

The GCA of a line can be estimated by crossing it with individuals from the best population 

instead of with other inbred lines. This method is known as top crossing (Falconer. 1996). 

The Line X Tester (Lxn is an extension of top cross analysis where more than one tester is used 

in the mating design (Kempthome, 1957~ Sharma. 1998). The LxT mating design provides both 

full-sib (FS) and half-sib (HS) families simultaneously as opposed to top cross and poly cross 

which provides only half-sibs. This mating design can be used in determination of SCA of the 

crosses as well as GCA of lines and testers. Rawlings and Thompson (1962) used line x tester 

anaJ)sis to estimate GCA and SCA of inbred parents. Since the development of new cultivars 

through hybridization is a continuous process, information on combining ability of inbred lines 

remains important. 

ln maize the diallel method of crossing and North Carolina design II can be used. In this study 

'\;CO II was used where some maize inbred lines were designated as females (Lines) and males 

(testers) and factorially mated to generate single crosses. 
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2.5 Striga control approaches 

Strrga is primarily a problem in small-scale subsistence farming systems with few options for 

external inputs such as pesticides and fertilizers and control options must therefore be low-cost 

and practical (Rodenburg, 2005). Striga build-up is linked to years of neglect, the intensification 

of agriculture and the movement of cereal production to pasture areas where Striga is endemic. 

Under these conditions. there are major constraints to effective control of S hermonthica. The 

parasite causes most of its overall damage to the host crop during its subterranean stage (Parker 

and Riches, 1993; Ast, 2006). A multitude of control options against Striga have been studied 

ranging from cultural practices through transplanting, delayed sowing or the use of trap crops, 

chemical control, soil fumigation. biological control and host plant resistance (Rodenburg, 2005; 

Ast, 2006). These control approaches can be clustered into either direct or indirect methods. 

Direct Striga control methods attack the parasite directly and have an immediate effect on Striga 

denc;ities in the field . These include the use of herbicide coated maize and host plant resistance. 

Indirect methods are those that aim at the cropping system and soil fertility management. and 

control the parasite by making its growth conditions less favorable (Oswald, 2005). 

2.5.1. Hand weeding 

This involves rouging of Striga plants through hand pulling, slashing or weeding using a hoe. It 

is probably the oldest and most widely used method of Striga control in subsistence communities. It 

is not well adopted probably because of the limited immediate returns and the tediousness of the task 

(Esi laba eta/., 1997). In a long tenn study in Western Kenya, Ransom and Odhiambo (1994) found 

that hand weeding before Striga seed set increased yield only after four seasons of implementation. 

Hov.ever reduction in Striga infestation level does not always immediately result in an improved 
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host performance. because fe"' Striga attachments can seriously hann the host plant. In addition 

uprooting at flo\\ering and fruiting. still leads to broadcasting of viable seeds. The practice of 

uprooting Striga plants with already mature seed and placing them on the roads and footpaths as is 

mostly done in western Kenya. instead of burning them, further help in increasing and spreading seed 

bank in the ecosystem. Managing the Striga problem through host plant resistance might ofTcr the 

farmers a better and feasible option for the control of Stnga. 

2.5.2 Chemical control-Use of herbicides 

Eth}lene and dicamba can effectively control Striga. Ethylene gas induces Striga to germinate, 

fields may be covered and fumigated with the compound etherel (Woomer, 2004). Dicamba is 

applied at the time of attachment. kills Striga before it emerges and, therefore, provides yield 

protection (Odhiambo and Ransom, 1993). Though ethylene is inexpensive to manufacture, it 

has not been developed for use in Striga control in Africa due to logistical and cost difficulties in 

chemical employment (Ransom eta/., 1997). Dicamba is not cost effective in Africa in that it 

does not provide the persistent, continual control of Striga (Abayo eta/., 1998). The 

development b} CIMMYT and Weismann Institute of lmidazolinone resistant adapted African 

maize germ plasm and seed coating technologies with herbicides potentially offers an affordable 

method of Striga control in Africa (Kanampiu el a/. , 1999). This technology combines low doses 

(30 g ha-1
) of a S}Stemic acetolactate synthase-inhibiting herbicide such as irnazapyr or 

pyrithiobac as a seed coating with imidazolinone-resistant (IR) maize seed. The treatment leaves 

a field virtually clear of emerging Striga stalks up to harvest. Since the maize seed is treated, 

there is no added cost for spraying equipment and no possibility of off-target application 

(Kanampiu and Friesen, 2003). The use of herbicide coated maize offers a cost effective 
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mechanism in that it combines two major criteria: ( 1) Controlling Striga iLc;clf for better crop 

~ields during the same season; and (2) depleting the Striga seed bank in the soil to reduce 

immediate and future maize losses. However the technology has not been \\Cll adopted due to 

logistical issues in its application and hence reduced availability of seed of the herbicide resistant 

maize. 

2.5.3 Host Plant resistance 

2.5.3.1 Conventional breeding 

Host plant resistance is the plant's ability to prevent attachment of the parasite or to ki II the attached 

parasite resulting in reduced emergence while tolerance is the ability of the plant to withstand the 

effects of the parasite already attached producing satisfactory yield (Badu-Apraku eta/., 2001). The 

tolerance mechanism is based largely on ''avoidance root architectures·· (llearne, 200 I). The 

varieties with deep rooting nodal and seminal roots and a greater proportion of lateral branching 

below the plough pan tend to be more tolerant. The tolerance is simply based on the timing of the 

parasite attachment and the delay lessens the impact on the host. 

The selection and development of resistance is a major practical and reliable approach to the 

management of Striga especially in the context of peasant/ subsistence agriculture as it avoids 

reproduction of the parasite. Resistance to Striga has been shown in sorghum cultivars like SRN-39 

(Hess and Ejeta, 1992). In maize, a number of Striga tolerant varieties have been identified and 

commercialized in Kenya over the past several years. Affected farmers may purchase either open 

pollinated (OPVs) or hybrid cultivars. Examples of these varieties arc KSTP94 and WH502, 

commercialized by Kenya Agricultural Research institute (KARl) and Western Seed Company, 

respectively (Woomer. 2004). The major problem associated with the use of resistant cultivars is the 
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lack of universal resistance. because of the existence of different biotype:> of S hermonthica ince it 

i:> cross-pollinated (Koyama. 2000). It is. therefore. recommended to direct mai7e breeding cfTons 

towards developing varieties that combine resistance with high le\.els of tolerance (Rodenburg. 

2005; Shew and Shew, 1994). The development of sorghum resistant to Striga has been 

demonstrated as being the most practical and economically feasible approach in fighting Striga 

especially for low input small scale farmers. Investigation on the inheritance in maize inbred 

lines of tolerance and Striga emergence counts concluded that the genetic control for tolerance 

and resistance of maize genotypes tested to S. hermonthica is polygenic and the inheritance is 

quantitative (Kim, 1994). 

The general and specific combining abilities (GCA and SCA) of new maize lines for grain yield 

and Striga emergence counts under artificial Striga infestation ~ere studied (Kanampiu eta/., 

2007). Significant GCA effects for grain yield under Striga infestation were found, which 

indicated a uniform transmission of Striga resistance or tolerance by parents to their off springs 

and confirmed the existence of genetic variability for resistance to Striga in the inbred lines 

studied. 

This type of resistance can partially solve the problem when Striga infestation level is low and 

the soil is not shallow. However, on shallow soils and under heavy Striga infestation the 

tolerance can break down. Incorporation of resistance and tolerance in new maize cultivars offers 

a better solution in handling the Striga menace in the resource poor farmers' fields. 

2.5.3.2 Mutation Breeding 

Mutation breeding is important in that it can be introduced into the best commercial varieties to 

satisf) the demands on yield, quality. disease resistance, winter hardness or other critical 
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propertie~ creating new variations such as Striga resistance in maize (Konstantinov and Snezana, 

2007). Mutation techniques have been used widely in efforts to breed for abiotic stress tolerance 

and disease resistant lines with successes (Cassels and Doyle, 2003). There are two types of 

mutations: Spontaneous mutations and induced mutations. Spontaneous mutations occur in 

natural populations while induced mutations occur through induction by treatment with certain 

physical or chemical agents (Singh 1995). 

2.5.3.2.1 Spontaneous mutations 

These are mutations which occur in natural populations without any artificial treatment. They 

occur at a low rate, generally one in ten lacs i.e. 10-6. Spontaneous mutations have been reported 

in field crops eg.the opaque-2 gene in maize which governs the lysine content (Borojevic, 1990). 

A dwarf mutant which was registered in a sorghum cultivar standard milo served as basic stock 

in breeding short mechanically combinable types of grain sorghum in many countries (Poelman, 

1983; Powell eta/. , 1996). 

2.5.3.2.2 Induced mutations 

These are mutations which are artificially induced by treatment with certain physical or chemical 

agents. o r mutagens. These mutations occur at relatively higher frequency (Sing, 1995). Induced 

mutations occur more or less randomly in the genome and their target cannot be directed. The 

frequency of induced mutations doubles spontaneous mutations (I 0"3) (Borojevic, 1990). Only 

one of the two or more alleles of a locus is affected. Inheritance is almost ever recessive and, 

therefore, homozygosity is normally required for proper expression (Alexander, 2008). The 
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results are often more useful in set f pollinating plant species. Cases of mutant heterosis have 

been reported by many researchers (Micke. 1976: Romer and Micke, 1974: Maluszynski et al .. 

1989) Specific mutations concerning male sterility (Daskalov and Michailov, 1988) and grain 

quality which proved to be useful in cross-pollinating species have been reported (Robbclen. 

1990). Mutations can be produced through irradiation. which involves exposing an organism to 

radiation. It can be classified as ionizing or non-ionizing, depending on its effect on atomic 

matter (Sing, 1995). The ionizing radiations have enough energy to ionize atoms or molecules. 

Radioactive material is a physical material that emits ionizing radiation (Biy, 1998). 

The effects of physical and chemical mutagens are well characterized and are very similar to the 

spontaneous mutation arising in vitro (sornaclonal variation). Somaclonal variation has 

contributed to the development of abiotic and biotic stress resistant varieties in major crops (Brar 

and Jain. 1998). 

2.5.3.2.3 Transposon induced mutation 

Transposons are genetic elements capable of moving within and between continuous segments of 

genetic material and are likely ubiquitous contributors to genome structures. These elements are 

responsible for turning on and off plant processes. Closely related elements are classified into 

transposon families (Jonathan eta/., 1994). Within a family, elements can be divided into two 

functional classes, autonomous and non autonomous. Autonomous elements are capable of 

directing their own transposition of non autonomous elements by producing the factors 

(transposases) that are required along with host factors for transposition. Mutator is a powerful 

system for generating nev. mutants in maize (Hershberger et a/., 1991 ). The mutator family of 

transposable elements of Zea mays is considered to be one of the most efficient gene tagging 
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S) stems in euka.ryotes. Mutator (Afu) transposable elements were first recognized by Robertson 

in a line of maize that exhibited a 50 to 100 fold increase in its spontaneous mutation frequency 

compared to standard maize stock (Robertson. 1978). During 1998-99. 8.000 mutator tagged 

maiLe lines \\'ere screened and about 80 showed some level of resistance. This was eventually 

reduced to 20 and finally to I which was the most promising (Hearne S. Personal 

communication). Some of the derivatives from this line were used in the current study as source 

of Striga resistance in the formation ofF, single cross hybrids. 
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CHAPTER THREE 

Determination of levels of Striga germination Stimulants for maize 

gene bank accessions and elite inbred lines 

Abstract 

Parasitism b) Striga hermonthica (Del) Benth is a severe constraint in maize production in Sub­

Saharan Africa. Varying levels of tolerance to Striga attack have been identified and exploited in 

breeding programs of several crops. llowever, the level and stability of the tolerance is generally 

unacceptable in field-practice. Only limited exploration has been undertaken among the farmers' 

landraces to find presence of viable sources of resistance to Striga The objective of this study 

was to examine and document the presence of the Striga germination stimulants from a 

collection of some 420 maize landraces, populations and elite inbred lines variously sourced 

from CIMMYT, UTA and KARl. The ability to effect germination as a measure of the amount of 

germination stimulant produced was used to assess the genotypes, using standard procedures. 

Data were recorded on Striga germination by counting Striga seeds with protruding radicle. 

Highly significant (P=O.OOl) differences were observed among the germplasm screened. Several 

gene bank accessions were found to stimulate low levels of Striga germination compared to the 

commercial checks. Gene bank accessions CRI C 51, CUBA T-31, BRAZ 1758, BRAZ 1279 and 

VERA 217 exhibited the lowest Striga germination which ranged from 3.71 to 5.99%, an 

indication of high level of resistance to Striga. The inbred lines were found to have a higher 

5triga germination percent compared to the landraces, a likelihood of a higher concentration of 

strigol, the stimulant causing chemical. CIMMYT lines CML 202 IR, CML 445 IR and CML 
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204 I R induced the least amount of Striga seeds to germinate. the gcnnination percent ranged 

from 14.34 to 22.59%. Higher levels of germination of Striga seeds \\ere found in the IITA lines 

\\hich arc known to be resistant eg TESTR 153 had 56.55%. depicting a probable avoidance root 

architecture mode of resistance as opposed to low production of strigol. It was concluded that the 

landraces with low Striga germination percent can be used by breeders in the extraction of new 

Striga resistant inbred lines. The resistant inbred lines were recommended for direct usc in the 

formation of maize synthetics and hybrids resistant to S. hermonthica. 

Key words: Striga hermonthica. maize landraces, tolerance to Striga. resistance to Striga. Striga 

germination stimulant 

3.1 Introduction 

The life cycle of S. hermonthica is complex and comprises a series of discrete steps which are 

intimately tied to that of its host from the seed to the mature or seed producing plants. 

Understanding Striga biology is the starting point to develop technologies towards its control. 

After dispersal, the seeds are in a state of primary dormancy for up to six months (Kuiper et a/., 

1996). After ripening is a second prerequisite for germination, the preconditioning of the seeds 

which requires a period of imbibitions of water for several weeks under humid and warm (25-

350C) conditions (Kebreab and ~urdoch. 1999; Ast, 2006). Prolonged preconditioning induces 

secondary donnancy which usually occurs when the Striga seeds have reached maximum 

sensitivity (Matusova eta/., 2004). Germination of S. hermonthica is induced by stimulants 

exuded by roots of host and some non host plants (Spitko eta/., 2010). These host-derived 

germination stimulants are termed as xenognosins (Lynn eta/., 1981; Yoder, 2001 ), and they 
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have been identified as sesquiterpcne strigolactones (Matusova er al .. 2005 ; Ayongwa er al .. 

2006). 

A brief exposure of pre-conditioned Striga seed to a xenognosin is sufficient to initiate 

germination within 8-12 hours after initial exposure (Ejeta eta/., 1992). The spatial relationship 

between host roots and Striga seed germination is a function of the distance from the host root 

(Fate. 1990.). The germination stimulant concentration determines its ability to elicit 

germination. Striga hermonthica being an obligate parasite must form connections with vascular 

system of a host plant, via the haustorium, in order to obtain water, nutrients, and carbohydrates 

( Ast. 2006). Seed germination and haustoria} initiation cannot be elicited in the absence of 

specific chemical cues. The chemical elicitors ofhaustorial initiation are different to those 

moieties that stimulate germination (Maiti et al., 1984, Riopel and Timko. 1995). Chemicals 

shown to trigger haustorial formation include 2, 6-dimethoxy-p-benzoquinone, and phenolics 

including, quinones and cytokinins (Estabrook, 1998). 

The germinating seed produces a root like structure, the radicle. In order to attain a successful 

host attachment, germination must take place within 3-4 nun of the host root since Striga radicles 

have limited growth potential (Ramaiah et al., 1991 ). The radicle growth is directed towards the 

host root under the influence of a gradient of chemical concentration of root exudates 

(chemotropism) (Patterson and Williams, 1976). It is the emergence of the radicle that is used to 

indicate germination of the seed, which is followed by a series of physical and biochemical 

reactions leading to the great losses in productivity of the host plants. 

This complex host-parasite interaction during early growth of the parasite is mediated by the 

intensity of the levels of the germination stimulants that signals initiation of the process. Thus 
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these levels are of special interest in breeding for resistance or tolerance to Striga. For example. 

reduction in amounts or absence of germination stimulants produced by cereal host plants 

pro\ ides means to reduce numbers of seeds germinating at a particular point in time and space. 

Low or no stimulant production by cereal roots has been shown to be a mechanism of host plant 

resistance I tolerance to S hermonthica infections (Weerasuriya eta/., 1993~ I lcller and 

Wegmann. 2000: Ayongwa eta/., 2006). The objective of this study was. therefore, to screen 

\\ide range of maize genotypes ( 420) of different classes and sources to identify the low- or non­

germination stimulant producing ones. 

3.2 Materials and methods 

3.2.1 Striga and maize genotypes 

CleanS. hermonthica seeds were harvested from maize fields in western Kenya and prepared as 

germination batches following the procedure by Berner eta/. ( 1995). The 420 maize genotypes 

were obtained from various sources, including CIMMYT Gene Bank in Mexico, KARl and UTA 

(Table 3. 1 ). 
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Table 3.1. List of gennplasrn examined to determine the presence of the germination stimulant 

Germ plasm Number Source Putative Reference 
trait 

Land races 370 CIMMYT- Drought M. Banziger 
Mexico tolerant (Personal 
Gene bank communication) 
accessions 

Populations 10 IITA- Slriga A. Mcnkir 
Nigeria resistant (Personal 

communicatio 
n) 

Inbred lines 24 KARl- Striga J. lninda (Personal 
Muguga resistant communication) 

Inbred lines 10 UTA- Striga A. Menkir 
Nigeria resistant (Personal 

communication) 

Mutator lines 2 CIMMYT Striga S. Hearne (Personal 
resistant communication) 

Herbicide 2 CIMMYT Slriga Kanampiu eta/, 2005 
resistant lines resistant 

Susceptible 2 Seed Commonly Kanampiu el a/, 2005 
checks companies used by 

fanners 

3.2.2 Methods 

3.2.2.1 Striga cleaning and conditioning 

The Striga seeds were first surface sterilized with 1% sodium hypochlorite in a beaker and rinsed 

v.ith sterile water for five minutes. Two 9 em regular filter papers were moistened and placed in 
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a sten e petri dish. A paper punch was used to extract disks of glass fiber filter paper (5 mm 

diameter) in order to minimize microbial gro\\th and a pair of forceps was used to dab up small 

amounts of ( about 1 0-25) Striga seeds with the glass fiber disks. The disks were then placed on 

a moist filter paper lining the petri dish. The petridishes were then covered using aluminium foil 

to create an artificial darkness and then incubated in an oven at 30 °C for 14 days for pre­

conditioning. The maize plants were sown the same day the Smga seeds were placed in an 

incubator to synchronize for the maximum strigol production which occurs during the early stage 

of root de\-elopment. The maize plants were grown in small pots 20 em diameter, containing 

sterile sand. 

Five plants were grown in a single pot. After 14 days of growth the seedlings were uprooted and 

the roots washed and macerated. 

3.2.2.2 Testing the maize for stimulant production 

After collecting the root exudates from the macerated maize roots and having conditioned the 

Striga seeds, small aluminum foil rings with a diameter of 1-2 em and height of 1.5 em was 

made and used as wells. Petri dishes were lined with moistened two pieces of regular filter 

paper: the rings were then placed at the center of the petri dishes. One gram of the merceratcd 

root pieces was weighed and placed into the aluminum well. The glass fiber disks with the 

conditioned Striga seeds were placed next to the aluminum foil well. Four radii of glass fiber 

disks radiated out from the central well as shown in figure 3.1. The glass fibre disks were used as 

distances from the source of Striga germination stimulant with the closest to the source being 

distance 1 (D l ) up to 4 (04). Three mililitres of sterile deionized water was added to the roots in 

the center well. Synthetic germination stimulant GR24 was used as a positive control while 
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~terile water was used as a negative control. The petridishes containing root exudates and 

condiuoned Striga seeds were covered with aluminium foil and returned into the incubator for 48 

hours. The number of germinated Striga seeds on each glass fiber disk was counted after 48 

hours under the light microscope. and a tally counter was used to ensure accuracy. 

Figurt J .l.Testing for Striga germination in the laboratory 

3.3 Data collection and analysis 

9.5cm diameter Petri 
dish 

Glass fiber filter paper 
Containing conditioned Striga 
seeds 

Aluminum foil well 
Containing cut roots 

Double layer regular filter paper 

The assessment of Striga germination was done under a dissecting microscope by counting the 

number that had started to germinate or germinated, 2 days after receiving the stimuli. A seed 

\\as scored as germinated if the root tip (radicle) was seen having protruded through the seed 
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coat (Plate 3.2). The number of germinating seeds v.as expressed as a percentage of the total 

number that recei\-ed the germination stimulant per disk. per radial position and per petri dish. 

The data was subjected to analysis of variance (ANOV A) procedures for a randomized block 

design. The correlation coefficient of the germination percent was also calculated. Statistical 

analysis S}Stem (SAS 9.1) was used and the means were separated using Duncan's linear mean 

separation. Statistical analysis for proportion data was performed after arcsine v Y transformation 

of the actual data. This was done through the use of the formula shown below: 

Y' sin·1 ...Jy 

Where Y- the square root of the proportion 

3.4 Results and Discussion 

All maize genotypes germinated well in the pots making it easy to test them. Generally the 

commercial checks stimulated high levels of Striga seed germination compared to the land races. 

The analysis of variance exhibited highly significant differences among the genotypes in terms 

of Striga germination (Table 3.2). Striga seeds germinated in all genotypes though with different 

intensities and this showed the presence of germination stimulants (Ma et al., 1996). The 

genotypes were grouped and tested according to their classes; the inbred lines were grouped 

together \\<bile the landraces and the open pollinated and hybrid checks were grouped together. 
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Plate 3.1. Smga radicle obsen.ed under a di o;ecting micro scope 

3A .1 Land race 

Striga radicle 

Significant differences (P=O.OO I) were observed among the land race~ in term~ of Striga 

germination percent with a range of 3.7 1% to 53.4%. The lea L Stnga germination wa-; recorded 

from the land race CRIC 51 (3.71 %) ~hile the highest w~ rccun.lc<..l frumthc GR24 (58.7%) the 

\} nthetic Strigol a e~pccted. The top 20 landrace had le than I 0% Striga germination while 

the commercial check<; had 37.95% and 49.51 % for KSTP94 and PHB3253 re~pcctively . The top 

five land race with the lowest Striga germination percent included; Land race~ CRIC51, CUBA 

T31, BRAZI758, BRAZ 1279 and VERA 217 with 3.7%, 4.4%, 5.2% and 6.0% respectively. 

These landrace~ can be regarded as re~i<;tant to Striga. The Land race\ with prefix BRAZ 

constituted about 30% of the genot)'pe~ tested and of the 129 land races with the prefix (BRAZ) 

tc-,ted. 49 were among the landrace\ with low Striga germination percent in top 100 genot)peS. 

These panicular land race\ con<;tituted 60~ of the top 20 genotypes \\-ath the lowe. t Smga 

germination percent. Lov. Srn~a germination percent depicts lov. producuon of Striga 

germination timulant which a<; one of the be. t characterized mechani m for Strtga re-.istance 

(Vasudeva, 1987). There was no significant difference between the two commercial checks even 
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though KSTP94 is a tolerant variety as opposed to PHB3253 (Table 2) \\"hich is susceptible. 

Variety KSTP 94 a tolerant commercial variety stimulated 38% Striga germination while 

PHB3253 exhlbited a slightly higher Striga germination percent (49.5%), and they were ranked 

330 and 367 out of375 genotypes. 

As expected there was no Striga germination in the negative control while the positive control 

GR24 exhibited a high, 58.7% Striga germination. 

Table 3.2. Striga germination percent(%) of the top, middle and lower 20 including two 
commercial checks and positive and negative controls 

Rau f.atry 
Top20 

I 106 

2 321 

3 167 

4 lSI 

s lOS 

6 170 

7 337 

8 165 

9 107 

10 189 

11 314 

12 143 

13 153 

14 146 

15 79 

16 ISO 

17 128 

18 173 

20 166 
21 265 

Middle20 
22 90 

23 99 

24 262 

25 353 

26 327 

Gnotypes 

CRIC Sl 

Cl!BA T-31 

DRAZ 1758 

BRAZ 1279 

VERA 217 

BRAZ 1832 

ARZM 14105 

BRAZ 1738 

CRIC 52 

BRAZ2151 

CIOS 743 

BRAL 917 

BRAZ 1384 

BRAZ 1114 

PARAGPJ 

BRAZ 1188 

PARA 151 

BRAZ 1863 

BRAZ 1757 
BRAZ 1059 

CAUC 381 

VERA 177 

PFRU 636 

PALM 14107 

PAZ\1110043 

35 

Striga germia•do• 
~JUU•t(Cit>) 

3.71 

4 35 

4 55 

5.22 

5.99 

682 

768 

773 

794 

7.94 

800 

8 35 

8.43 

8 56 

8 91 

909 

9 18 

928 

9 .57 
22.02 

22.03 

22 13 

22.19 

2221 

2242 

UI\IJVE~SITY OF' NAIROB' 
'-IE3~ARY 



Ralllt tAll')' GeiiOtypa 
Strittt ~radutio• 

Dertt•t (~) 

27 120 IIAJT 19 22.54 

28 217 BRA/ 1403 22 66 

29 121 HAJT21 22 71 

30 354 PAl\lt 14119 22 71 

31 23 11!\IT GP6 22 76 

32 211 BRA7 2093 2279 

33 247 BRA7 2258 22 79 

34 230 URUG 116 22.90 

35 114 CUBA 73 22.93 

36 169 BRA/ 1831 2342 

37 116 CUBA 85 2349 
38 214 BRVI 100 23.50 

39 52 CUBA 156 23 78 

40 220 BRAZ 1477 23 79 
Bonom20 

41 39 SNLP 104 42 18 

42 228 URUG 696 42 18 

43 277 BOLI461 42.32 

44 368 BRJ\7. 1731 4256 

45 340 PAZM 4039 4263 

46 276 PUEB 101 4265 

47 93 VALL385 43 37 

48 275 PUrR 82 44 23 

49 288 NAYA 130 45.20 

50 361 PAZM 14096 4607 

51 255 ECUA433 46.37 

52 283 GUAN36 46 71 

53 317 CUBA 316 4675 

54 36 GUAT79 4696 

55 359 PAZM 2019 48 19 

56 420 PIIB3253 49 51 

57 360 PAi'M 2036 4967 

58 296 ARZM 16021 5162 

59 278 CIIIS 39 5168 

60 363 OAXA553 5340 
Chec;ks Pos1t1ve control 

61 423 GR24 58 78 

62 424 
D1sbllcd \\-atcr 

000 

MFAN 25.20 

cv 26.83 

LSD us 
SJG ••• 
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3.4.2 Inbred lines 

rhe inbred lines in the study stimulated a higher Striga germination percent "'ith a mean of 

38.8°/o (Table 3.3) compared to that of the land races 25.2%. 

The CI\1MYT inbred lines were among the top 5 inbred lines with low StriKa germination 

percent ranging from 14.3% to 29.7% (Table 3). CML 444IR stimulated the highest Striga 

germination in this group where 49.3% was recorded. Among these lines some were 

imidazolinone resistant (IR) which is a Striga control technology where IR maize seed is treated 

with herbicide, low doses of imazapyr (30glha) is used to coat the maize thereby giving effective 

control of Striga in the early stages of parasitic attachment to maize seedlings (Kanampiu and 

Friesen, 2003). These lines were not coated with the herbicide and from the results; it shows that 

other than being herbicide resistant they also stimulate low Striga seed germination. 

The KARl Muguga inbred lines were the second group with low Striga germination percent with 

a range of29.7% to 35.8%. The inbred line EARL Y-N-POP-7-13-5-1 in this group stimulated 

the highest Striga seeds to germinate 50.1 %. Five inbred lines were among the top ten with the 

lowest Striga seed germination. 

The IITA inbred Jines exhibited higher germination percent compared to other inbred Jines 

though they are known to be Striga resistant (Abebe, M., personal communication 2008). The 

stimulation ranged from 38.5% to the 56.6%. The resistance mechanism of these lines is likely to 

be through avoidance by having less branched root architecture which resists attachments of the 

nearb} germinated Striga or a kind of incompatibility that does not support normal growth of the 

attached parasites as was observed with the inbred line ZOOS which was developed from Zea 

diploperennis (Amusan et a/., 2008). 
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Table 3.3. Different Levels of Striga germination percent exhibited by the inbred lines 

I I Striga 
germination 

Rank Entry Genotypes percent(%) 
I 411 CML202IR 14.34 
2 417 CML444 22.37 
3 415 CML445-IR 22.59 
4 416 CML395 23.7 
5 394 CML206//56/44-6-3-7-1 29.72 
6 388 Jl-30-18 33.03 
7 399 Fl-14-79-4-1-3 34.32 
8 382 JI-30-7 34.56 
9 386 JI-30-16 35.18 
10 400 OSU2311/56/44-6-4-17-3 35.79 
11 412 CML204IR 35.92 
12 383 JI-30-7 36.91 
13 372 TESTR 133 38.46 
14 380 TESTR 156 39.02 
15 391 JI-30-21 40.46 
16 387 JI-30-17 40.82 

17 397 F 1-14-14-24-4-5-4 40.92 
18 398 DT/ 156/4-6-1-15-2 41.27 
19 381 JI-30--4 42.03 
20 375 TESTR149 42.9 

26 414 CML444-JR 49.26 

27 384 JJ-30-8 49.87 
28 376 TESTR 150 50.03 
29 373 TESTR 136 50.04 

30 393 EARL Y-N-POP-7-13-5-1 50.14 

31 379 TESTR 153 56.55 

32 423 Positive control GR24 58.71 
33 424 Negative control- Distilled water 0.00 

MEAN 38.75 
cv 18.44 
LSD 9.78 
SIG. • •• 

Gennination was particularly high around the source of stimulant, which suggests the higher the 

concentration of the stimulant the higher the Striga germination. Highly significant positive 

correlation was observed between Striga germination and the distance from the source of the 
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stimulant (Table 3.4). The observed spatial relationship between host roots and Striga seed 

germination as a function of the distance from the host root where gcnnination stimulant is still 

active. i.e .• concentrated enough to elicit germination has been reported by other workers (Fate, 

1990). 

Table 3.4. Correlation between Striga seed germination and the distance from the source of 
5 . . . S. I . tn~a genrunauon ttmu ant 

Germination percent 

Distance Dl 02 03 04 

Dl 

D2 0.71*** 

03 0.69*** 0.75*** 

04 0.62*** 0.71*** 0.78*** 

D= Glass fibre disc 

The germination stimulant is mainly exuded in a region 3 to 6 nun from the root apex (Hess et 

a/., 1991; Riopel and Baird, 1987). In the present study, the disks which were next to the 

aluminum foil (the source of stimulant) recorded the highest germination percent compared to 

the rest. A similar observation was also made by Fasil eta/ (1993) when he reported 

significance difference in germination distance. 

3.5 Conclusions and Recommendations 

The land races used in the present study had low levels of Striga germination stimulant 

production compared to commercial checks, and hence could serve as useful sources to select for 

resistance to Striga in maize. The best land races in this score were CRIC 51, CUBA T-31, 

39 



BRA71758, BRAl.l279 and VERA 217. The land races with the prefix BRA/ \\ere found to be 

among the best in terms of IO\\ Striga germination production. These constituted over 60% in the 

top 20 land races with the lowest Striga germination group. The inbred lines induced a higher 

germination of Striga seeds as opposed to the landraces. likelihood that the inbred lines produced 

higher concentrations of gennination stimulant. 

Five ClMMYT inbred lines exhibited the lowest germination percent below 23%. These were 

particular!) low, especially theIR inbred lines CML 202 IR, CML 445 IR and CML 204IR. This 

suggested that theIR lines may possess good levels of resistance to Striga in addition to being 

herbicide resistant. 

The KARl- Muguga sourced inbred lines exhibited moderate levels of Striga germination 

percent which is an indication of good resistance levels to Striga. Higher levels of germination 

percent were also observed from the liT A inbred lines known to be resistant to Striga. These 

inbred lines probably possess resistance through avoidance by growing deep root architecture 

rather than through low production of Striga germination stimulant. This mechanism could be of 

importance to breeders if used in combination with the ability to produce low stimulants. These 

types of materials would lead to suicidal Striga germination that in the long turn will result in 

reduced Striga seed bank in the soil. Inbred lines with low levels of Striga germination percent 

can be used by maize breeders for further evaluation and also for the development of new maize 

\arieties resistant to Striga. The mechanism of resistance found in the liT A inbred lines needs to 

be studied further as it could be more beneficial in long run. 
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CHAYfER FOUR 

Identification of new sources of resistance to Striga hermonthica from 

CIMMYT maize gene bank accessions under artificial Striga infestation 

Abstract 

Striga hermonthica (Del.) Benth infestation on farmers' fields is one of the major factors 

responsible for low maize yields ( I.Stha-1
) in sub-Saharan Africa. It is estimated that 10-40 

billion Striga seeds are added to the soil each year through continued cropping of susceptible 

cereals such as maize and sorghum. Identification of new sources of resistance to Striga would 

provide options towards Striga control and management. A total of 370 landraces and 11 liT A 

open pollinated varieties including three commercial checks were tested under both artificial 

Striga infestation and Striga free environments in Kibos and Alupe. The most resistant landraces 

were CHIS53, lAMA 8, SNLP104, PAZMI4140 and CUBA I-66, with grain yields ranging 3.0 

to 4.5 tlha. The mean yield in the Striga free environment was 4.3 t/ha, but only 2.9 t/ha in the 

Striga infested environment, depicting a yield loss of33%. These superior genotypes identified 

from among the gene bank accessions could be used as sources of resistance to Striga in the 

development of maize varieties for Striga infested areas. 

Key words: Striga hermonthica. Landraces, gene bank accessions, Striga artificial infestation 
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4.1. Introduction 

Maize ts an important cereal crop in Africa. It constitutes the staple diet of many people in sub­

Saharan Africa as evidenced by the high annual consumption levels of 79 kg per capita in the 

continent and 125 kg per capita in Kenya (Groote et al.. 2002). llov.ever. the parasitic weed 

Striga threatens cereal grain production in many parts of sub-Saharan Africa as it infests 40% of 

the cereal- producing areas (Idris eta/., 2008). The weed is the greatest biotic stress for maize 

production particularly to resource poor farmers in the western and Lake Region areas of Kenya 

\\ here about 80,000 ha and increasing area cropped with maize are severely infested causing an 

estimated $ 1 0 million in annual losses to maize producing small scale resource poor fanners 

(Hassan et al., 1995). The yield losses associated with infestation depend on the crop cultivar, 

weather and the degree of infestation. The losses range from 20 to 80% and sometimes complete 

) ield loss has been recorded under heavy Striga infestation (Berner et al., 1995). 

The lifecycle of Striga is mainly dependent on that of its host. It produces thousands of minute, 

dust like seeds that can remain viable in the soil for over a decade (Bebawi et al., 1984; 

\ndrianjaka et al., 2007). Striga seed germination is induced by exudates of many hosts and 

non-host plants including maize. The non host cereal and legume inducers are classified as trap 

crops (Bouwrncester et al., 2003). Approximately 75% of the overall Striga damage to the host 

is inflicted during its subterranean stage of development (Parker and Riches, 1993). Phytotoxic 

effects of Striga on its host have been demonstrated by (Rank et al .. 2004) and damage can reach 

maximum level before the parasite emerges above ground. This makes it very crucial to manage 

the weed while below the ground for successful Striga management. 
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lbe control of Striga is difficult to achieve because of its high fecundity and asynchronous seeds 

germination (Andrianjaka et al., 2007). Its management, therefore, will need an integrated 

approach that '-"Ould include host plant resistance, biological, cultural practices. and chemical 

herbicides. The use of Striga resistant or tolerant varieties of maize can be an effective way of 

reducing Striga damage as components of integrated Striga management in this crop (Parker and 

Riches. 1993; Carsky et al .• 1996: Franke et al .• 2005). 

Some variability for Striga tolerance exists in maize. However. the level and stability of the 

tolerance has been less effective in the field. The tolerance mechanism is based largely on 

··avoidance root architectures'' where deep rooted crops goes beyond the top 20 em of the soil 

where most Striga seed are found (Hearne, 2001 ). Complete resistance or immunity against 

Striga has not yet been found in maize. It is. therefore. recommended to direct maize breeding 

efforts towards developing varieties that combine resistance with high levels of tolerance 

(Rodenburg, 2005). Host plant tolerance mechanism against Striga spp does not prevent the 

parasite from developing and producing seeds. The soil Striga infestation level is maintained and 

in some instances increased. thereby resulting in future infections (Ejeta. 2007). Hence tolerance 

should never be considered a stand-alone defense mechanism because toleraqnce breaks down 

depending on the Striga infestation intensity .. 

Development and introduction of resistant maize cultivars for western and the Lake Victoria 

region of Kenya would provide a solution for the resource poor farmers. Breeding Striga 

resistant maize varieties offers an economical and viable option as it is compatible with the low 

cost input requirements of the subsistence farmers to control Striga (Meseka and Nour, 2001). 

Rao el a/., (1982) found out that genetic resistance lessens the subterranean damage by Striga. 
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The goal of this study was to identify new sources of resistance to Striga from maize gene bank 

3\:CeSSlOOS. 

4. 2 Materials and Methods 

A total of 384 genotypes that included 370 gene bank accessions from CIMMYT Mexico, II 

open pollinated varieties from llTA and three local checks were evaluated on-station at Kibos, 

'\~anza and Alupe, western province, Kenya under both artificial Striga infestation and Striga 

free environments during the 2009 long and short rainy seasons. Kibos with heavy clay soils is 

located at 0°4'S, 34°48'E at an elevation of 1240 masl. Alupe with loamy soils is located at 0° 

29'N, 34° 02' Eat an elevation of 1289 masl. 

'irriga seeds were added to each plot to ensure that each maize plant was exposed to a minimum 

of 2,000 viable Striga seeds (Berner et a/., 1995). This was done by first preparing the inoculums 

following standard procedures (Kim, 1994). These seeds were added in a sand/seed mixture and 

placed in an enlarged planting hole at a depth of7-IO em (directly below the maize seed). The 

genotypes were planted in single row plots of 5-m length and spaced at 75 em between rows and 

25 em between hills. Two seeds were sown per hill but later thinned to one plant per hill, giving 

a plant density of about 53,333 plants per hectare. The trials were planted in an 32 x 12 a- lattice 

experimental design with 2 replications. Normal agronomic crop husbandry was carried out. 

Weeding was done 3-weeks after planting and thereafter hand spot pulling was done only to 

remove weed other than Striga. Di-ammonium phosphate (18-46-0) fertilizer was applied at 

planting at the 50 kg Nand 128 kg P205 per hectare, while top dressing was done 6 weeks later 

using calcium ammonium nitrate (CAN) at 50 kg N per hectare. 

Data were recorded from each plot on agronomic traits, including; days to 50% anthesis, root 

lodging count and shoot lodging count; and disease scores for gray leaf spot and Exserohilum 
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wrcicum on a 1-5 core ( l=no di ease \}'mptom. S=exten-.1\c damage) (K1m, 1994); Grain yield 

e-,umated from plot grain \\.eights wa-. adJU"Lcd to 15Cf mobture content. 

Stn~a damage rating was recorded u-.mg a 1-9 ~calc (Where 1-3= no damage. 4- 6= 

c>..tcn~ ive leaf blotching, wilting, orne stunting and 7-9= complete catching) (Plate 4.1 ). 

a) Striga damage rating score 1-3 (Strga emerged but no phy ical damage to the crop) 

b) Striga damage rating core 4-6 (lleavy Stnga infestation and clear damage to the crop) 

c) Striga damage rating Scores 7-9 (Overwhelming Striga pre ence and crop devastated) 

Plate 4.1. Striga damage rating cale 1-9 
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Striga counts data were recorded by counting the number of StriJ{u plants emerged per plot 

starting at 8 weeks after planting up to 12 weeks after planting. StriJ{a count per square metre 

\\as computed and the data \\ere later transformed using, 

LOGul X+ 1) 

Where: X- counts per square meter. 

These data were subjected to analysis of variance (ANOV A) using the General Linear Model 

(GLM) of the statistical systems (SAS) package (SAS, 2003), at individual and across locations. 

Means were separated using Duncan's Multiple Range Test atp<0.05. LSD coos> values based on 

analysis of variance were also computed to allow pair-wise multiple comparisons among means. 

4. 3 Results and Discussion 

The yield differences under Striga free environment were statistically significant between the 

genotypes yields which ranged from 3.6 to 6.3 tfha from a combined analysis (Table 4.2). The 

mean yield of the land races under Striga infestation was 2.9 t/ha while the yield under Striga 

free environment was 4.3tfha. This depicted a yield loss of about 33%. Berner et al (1995) 

reported grain yield losses in the range of20-80% in farmers' fields. 

There were highly significant differences (P<O.OOl) among genotypes for grain yield, 50% days 

to anthesis, Striga damage rating(SOR) and Striga counts per square meter (M2
) (Table 4.1 ). 

This indicated variability in severity of infestation (Plate 4.1) as was reported by I Iearne, (200 1) 

and Ransom et al., (I 997). 

Among the three commercial checks PHB3253 exhibited a high SDR (7.3) even though the 

number of Striga plants in the plot was low thus showing severe damage during the Striga sub­

terranean stage of development in PH3253. Sub-terranean damage alters the host hormonal 
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balance aftecttng ho t biomas.., allocauon thereb} compromt .. mg the ho-,t photo-,ynthc\t., leading 

to more btoma ... s allocation to the root.., at the expense of the \tern and rcproducuvc part.., (Gra\C\ 

et .t l . 1989). Some land race. \uch a ... CHIS 53 and BRAZ 2225 exhibited a lov.er SDR .. corco, 

con pared to the PHB3253 even though the} had a higher Srns:a emergence. These landraccs can 

therefore be con~idered ~ having high leveh of tolerance to Srnga tnfe~tation. 

Plate 2.2.flowcn:d Sm~a plan~ on -.uc;ccptihle and tolerant land race!> at Alupc 

llm wa.., a clear confirmation of the btg damage caused during the Smga ~ub-terranean \ tage of 

de,clopmcnt as \\.US reported by (PJJkcr and Riche, 1993). Low SDR scores were exhibited 

from mo .. t of the land races, ranging from 3.6 to 5.5. This complied that the land races were 

tolerant to the Stnga infe tation. which i .., an effective v\.a) of reducing Srriga damage. Drought 

tolerant cultivar have deeper root'> and lc s in mas as opposed to \U\ceptable cuhivar.., (Banziger et 

at .. 2000). Hearne (2009) reported a»oidance root architecLUre a\ a mode ofre i tance to Striga 
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infestation.Franke el a/., (2005) made a similar observation. lbc days to 50% anthesis ranged 

from 58 5 to 94.2 and the mean was 70.8 and several maize landraces yielded higher compared 

to the three commercial checks. Based on the varietal differential reaction to Striga infestation 

the landrace CHIS53, JAMA 8, SNLP 104. PAZM14140 and CUBA 1-66 performed better than 

the rest. The mean for the Striga counts increased from glh week after planting up to the 12th 

week after planting. The grain yield for these varieties ranged from 3.0 to 4.5 Tha-1while the 

checks grain yield ranged from 2.0 to 2.5 Tha"1 (Table 4.1 ). (The individual site and their 

combined means have been presented in the Appendix tables 1 7, 18 and I 9). These varieties can 

be regarded as resistant or tolerant as they exhibited higher grain yield and lower Striga 

infestation levels as was observed by (Dogget. 1988). Four populations from UTA, TEL COMP. 

1 STR SYN-W-1, OBATAMPAIZ.DIPLO SYN-W-l.ZDIPLO SYN-W-1, OBATAMPA!fZL 

COMP.l SYN W-lffEL COMP.l SYN W-land STR-SYN-Wl were among the top 20 best 

performers in terms of grain yield, low levels of Striga count and low SDR score. This confirmed 

their resistance to Striga infestation as was reported by Abebe (Personal communication 2008). 

The yields under Striga free environment were statistically significant among the genotypes and 

they ranged from 3.6 to 6.3 tlha (Table 4.2). 

The mean yield of the materials in the Striga free environment was 4.3 t/ha while in the 

.~;triga infested plot the mean yield was 2. 9 tlha depicting a yield loss of about 32.6% which is in 

agreement with what Berner eta/ (1995) reported. The highest grain yield was observed from 

one of the checks (PI 183253) under Striga free environment but consequently had the 
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Table 4.1. Combined analysis of the top 20 maize landraces and 3 commercial checks evaluated 
under anificial Striga infestation in Alupe and Kibos research stations. 

Striga Strigu Striga 
50% damage count count 

Day~ to raung 8 10 Stnga 
Yield Anthes is (Score 1- WAP WAPI count 12 

RanJ..: ENTRY Gen~ _itha) {days) 9) 1M2 \11 WAP/ M2 

I 41 CHIS 53 4.5 94.2 4.2 16.93 23.45 47.40 

2 405 TEL C0\1P I.STR SYN-W-1 4.3 68.3 3.5 5.55 13.08 21.68 

3 124 JAMA8 3.5 73.8 5.0 8.40 18.40 28.48 
OBANTAMPA Z. DIPLO 
SYN- W-1 Z.DIPLO SYN-W-

4 407 I 3.3 67.5 4.5 5.53 21.20 33.08 

5 39 SNLP 104 3.3 70.5 4.0 335 11.38 21.15 

6 357 PAZM 14140 3.2 74.0 4.0 635 24.20 48.40 

7 322 CUBA 1-66 3.0 70.3 4.5 16.00 29.40 38.40 

8 294 VENE692 2.9 71.5 4.5 9.58 20.73 37.28 

9 305 GUAD302 2.8 66.0 4.5 6.93 19.28 32.60 

10 326 PAZM 8030 2.7 70.0 4.8 16.68 40.60 46.68 

II 171 BRAZ 1838 2.7 73.6 3.3 4 93 15.75 25.23 

12 403 STR-SYN-WI 2.7 68.8 5.5 6.80 21.40 29.50 

13 193 BRAZ2225 2.7 73.9 3.6 4.79 23.48 52.59 

14 307 BRAZBAI45 2.7 70.5 4.0 7.85 16.63 28.60 
OBANTAMPA/ TZL COMP. I 
SYN W-lffEL COMP. I SYN 

15 406 W-1 2.6 66.8 3.5 7 53 17.05 23.63 

16 272 VCNE897 2.6 77.0 5.0 10.33 31.48 41.43 

17 202 BRAZ2314 2.6 69.0 4.0 7.35 22.68 30.00 

18 311 CUBA T-12 2.6 67.0 4.5 6.93 21.43 33.55 

19 329 PAZM 10067 2.5 73.0 3.8 6.83 27.75 42.73 

20 35 GUAT 134 2.5 58.5 4.3 7.60 15.95 32.60 

M ean 3.0 71.2 4.2 8J 21.8 34.7 

21 383 Pl IB3253 (Commercial check) 2.5 66.8 7.3 11 .08 24.13 44.95 

22 381 KSTP94 (Commercial check) 2.0 64.8 4.0 9.25 22.28 37.10 

23 382 Wll502 {Commercial check} 2.3 72.5 5.5 0.28 0.68 1.40 

MEAN 2.9 70.8 4.4 8.1 21 .0 33.9 

cv 36.96 6.56 39.9 38.73 33.24 31.57 

LSD 5.21 1.25 1.82 12.5 23.11 33.36 

SIG. ••• ••• •• ••• • •• ••• 
•= 0.05, •• 0.01 and •••- 0.001 
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Table 4.2. Combined analysis for grain yield and other agronomic traits of the top 20 mai1e 
landraces and 3 commercial checks evaluated under Striga free environments at Alupe and Kibos 
re-.earch ~tations. 

so~ No.ol 
Days to planu So. Jo:ars tars~r 

Yi~d Anthesis Tun:icum banNed hant!ited plant 
Rank E''ITRY PEDIGREE ( tJha) (daJS) (scor~ 1-5) ( no) Cnol (ratio) 

342 PAZM 6053 5.1 65.5 2.7 17.2 15. 1 0.9 

::! 352 PAZM 10135 4.6 69.5 2.5 18.0 13.8 0.8 

3 353 PAZM 14107 4.3 69.2 2.2 17.5 15.8 0.9 

4 341 PAZM 5056 4.3 77.2 2.4 16.7 14.3 0.9 

5 346 PAZM 7128 4.3 67.2 1.7 16.7 15.8 0.9 

6 263 PERU 674 4.2 61.2 2.4 15.0 13.1 0.9 

7 54 CUBA 94 4.1 68.0 2.5 17.0 14.1 0.9 

!> 354 PAZM 1411 9 4.1 71.0 2.7 18.0 161 0.9 

9 22 HAITGP3 4.1 66.0 2 .7 15.5 15.6 1.0 

10 349 PAZM 10090 4.0 71.5 2.4 15.7 13.6 0.9 

II 361 PAZM 14096 4.0 74.0 2.4 14.2 12.6 0.9 

I:! 324 PAZM 10036 3.9 71.7 2.7 17.0 12.8 0.8 

1.3 328 PAZM 14094 3.9 72.7 2.1 18.7 14.8 0.8 

14 251 BRAZ 2315 3.8 70.7 2.4 15.5 14.1 1.0 

)'i 308 BRAZSE025 3.8 71.2 2.4 17.0 12.6 0.8 

16 360 PAZM 2036 3.8 70.2 2.2 16.5 17.1 1.1 

17 203 BRAZ2394 3.7 66.0 2.9 15.7 16.3 1.1 

HI 47 JALI 63 3.7 58.0 3.1 16.7 15.8 1.0 

19 403 STR·SYN-WI 3.7 63.7 3.1 17 5 15.1 0.9 

::!0 409 TlL COMP lfZ.DIPLO SYN 3.6 65.7 3.1 18.7 14.8 0.8 

:!I 383 PIIB3253 (Commercial check) 6.3 65.7 2.5 16.2 14.1 0.9 

2::! 381 KSTP94 (Commercial check) 5.2 62.5 2.5 13.0 9.8 0.9 

23 382 WH502 (Commcrctal check) 5.9 70.4 2.4 3.4 0.9 0.8 

MEA 4.3 68.2 2.5 16.0 13.8 0.9 

cv 24.44 6.24 13.64 35.25 34.89 35.74 

LSD 1.4 5.44 0.49 3.63 4.73 0.33 

SIG. ••• ••• • •• ••• ••• ••• 
*= 0.05. * "'= 0.0 I and •••= 0.00 I 

highest yield to s as a result of Striga infestation. The land races reached 50% days to 

anlhesis between 61.7-77.2 days. while the checks reached 50% days to anthesis within 62.5 

to 70.4 days. Though the landraces had not been screened against Exserohilum turcicum, they 

exhibited c;cores within the acceptable range of 2.5 (fable 4.2). 
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4. 4 Conclusions 

It is evident that ne"" sources for Striga resistance can be exploited from landraces as 

exhibited by the perfonnance of the genotypes under artificial Striga infestation. These 

landraces are recommended to be used in the maize breeding program to develop inbred lines 

~ith resistance to Striga infestation. 

The IITA populations TEL COMP. 1 STR SYN-W-1, OBATAMPA/Z.DIPLO SYN-W­

l.ZOIPLO SYN-W-1, OBATAMPAffZL COMP.l SYN W-lffEL COMP. l SYN W-land 

STR-SYN-WI were confmned to be tolerant to S. hermonthica. They should similarly be 

useful in breeding programs to develop Striga resistant cultivars. 

Gro"ving of tolerant maize varieties can increase the yield in the Striga infested areas b) 

bet\\<een 32.6% and 50% thereby improving on food self sufficiency as observed in the 

current study. 
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CHAYfERFIVE 

Identification of new maize inbred lines with Resistance to Striga hermonthica 

(Del.) Benth 

Abstract 

Among the most serious biotic constraint to maize (Zea mays) production in the farms of the 

resource poor in sub-Saharan Africa (SSA) is the root hemi-parasitic weed Striga hermonthica 

(Del) Benth. It decimates maize, pearl millet, sorghum and upland rice in Africa. Host plant 

resistance is the most feasible and potentially durable option for reducing yield loss from S. 

hermonthica. The objectives of this study were to identify new maize inbred lines \\-ith good 

levels of resistance to S. hermonthica. The experiments on 36 maize inbred lines were conducted 

in pots and field for two seasons. This was done in order to determine the variation in Striga 

emergence and the correlation between the parasite attachments to the roots. Significant 

differences (P<O.OOl) were detected among the inbred lines for grain yield under Striga free 

environment. Striga damage rating was significant (P<0.05) among the inbred lines. A highly 

significant and negative correlation coefficient was observed between grain yield and Striga 

damage rating (r=-0.67 .. *). Positive correlation coefficients were observed between grain yield 

and ear aspect (r-0.46***) and plant aspect (r-0.75***) respectively. For the pot experiment 

highly significant differences (P<O.O l) were observed among the inbred lines for the Striga 

resistance traits. Striga attachments were found to be correlated to the number of emerged Striga 

plants. A significant correlation was found between Striga attachments and Striga counts in pot 

at l Olh WAP (r -"-0.25**) and 14th WAP (r = 0.31•). Inbred lines Jl-30-19 and OSU231//56/44-6-
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4-17-3 were identified as the most resistant lines as they consistently pcrfonncd well under both 

Smga free and Striga infested environments. These inbred lines could be used for maize 

breeding for Striga resistant maize varieties. 

Key words: Maize, Striga hermonthica, host plant resistance. inbred lines 

5.1 Introduction 

Maize (lea mays) is one of the major staple food crops in sub-Saharan Africa. The demand for 

the cereal is expected to increase to about 504 miUion tons by 2020 thus surpassing the demand 

for both wheat and rice (IFPRI, 2000). Among the most serious biotic constraints to maize 

production in resource poor farmers land holdings is the root hemi-parasitic weed Striga 

hermonthica. The parasite decimates maize, pearl millet, sorghum and upland rice in Africa 

\\ herever it exists. Striga is an obligate parasite and it causes deleterious effects on its host as 

well as robbing the host of water and nutrients (Yallou eta/., 2009a). This root- attaching 

parasite affects over 1 00 million people globally (Kanampiu eta/., 2007), (Berner eta/., 1995). 

~aize yield losses in from S. hermonthica infestation in Africa ranges from 20-80% (Berner et 

a/ .• 1995), but the losses can sometimes reach 100% in susceptible maize cultivars under severe 

field infestations (Ransom el a/., 1990; Ilaussmann et al. , 2000). Development of host plant 

resistance and tolerance are the most feasible and effective Striga control strategy, and is a 

potentially practical option for reducing yield loss from S. hermonthica for farmers who lack the 

financial means to use high input management practices and other options to control Striga in 

maize fields (Doggett, 1984:Ramaiah eta/., 1991). 

The International Institute for Tropical Agriculture (UTA) have developed artificial field 

infestation techniques that impart uniform infestation with the parasite and accurately identifies 
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cultivars resistant to S.hermonthica from diverse germplasm (Kim. 1991 ). The institute has also 

de,eloped many maize lines. hybrids and populations \\ith improved field tolerance and 

resistance to StriRa (Kim. 1994~ Menkir et al .• 2001 ). Tolerant materials support a number of 

emerged Striga plants \\hich may ultimately flower and set seeds resulting in an increase in 

Striga seed bank in the soil. This therefore calls for further screening towards high Striga 

resistance levels as Striga resistant varieties reduce parasite seed reproduction and contribute to 

depletion of the soil seed bank (Haussmann, 2004). To obtain resistant germplasm. a good source 

of resistance was obtained from elite tropical germplasm as well as populations from local maize 

collections in Africa and an accession of Zea diploperennis in their genetic background as donor 

parents (Yallou et a/. , 2009). Subsequently resistant inbred lines with high resistance levels were 

developed through intensive screening of the germplasm in the field. 

An ideal maize inbred line with the desired levels of resistance under field conditions should 

allow few emergence of parasitic plants and show very low parasitism and little loss in grain 

) ield (Kim. 1991 ; Kim. 1994 ). Such an inbred line probably would have low levels of Striga 

emergence stimulants, resulting in low emergence. It is of paramount importance to understand 

the relationship between the number of emerged Striga plants in the field and the attachment of 

the germinated Striga seeds to host roots. The aim of this study was therefore to identify maize 

germplasm with good levels of Striga resistance in pots and field from diverse maize inbred lines 

under artificial Striga infestation. The study sought first to confmn the efficacy of the IITA 

sourced resistance under Eastern Africa conditions and secondly to explore the possible presence 

of field resistance in germ plasm obtained from Kenyan sources. 
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5.2 Materials and Methods 

5.2.1 Field experiment 

A total of 36 maize inbred lines from various sources ~hich included KARl. ClMMYT and IITA 

(Table 5.1) were evaluated on-station at Kibos ( 0°4'S, 34°48"E) and Alupc ( 0°29'N.34°02'E) 

under both artificial Striga infestation and Striga free environments during 2009 long rainy 

season and short rainy season. Artificial infestation was conducted in a specially developed field 

facility to screen large numbers of breeding lines. Plants were artificially infested with S 

hermonthica seeds. Striga seeds were added to each plot to ensure that each maize plant was 

exposed to a minimum of 2,000 viable Striga seeds. 

Table S.l.The list of maize inbred lines tested under both Striga free and Striga infested 
environments. 

Enll) Genotype Source Enttv GenotvPC Source 

0Sl231 1156/44-6-4-17-3 kARl 19 JJ-30-17 KARl (MUGUGA) 

2 TESTR 152 liT A 20 TFSTR 139 liT A 

3 JJ-30-19 KARl {MUGUGA) 21 CMl.-444-IR CIMMYT 

4 Jl-30-1-19 KARl (MUGUGA) 22 DT/156/4-6-1-IS-2 KARl (MUGUGA) 

5 fl-14-14-24-4-5-4 KARl (MUGUGA) 23 CMI.395 CIMMYT 

6 CML444 CIMMY"I 24 Jl-30-21 KARl (MUGUGA) 

7 FJ-14-79-4-1-3 KARl (MUGUGA) 25 Jl-30-7 KARl (MUGUGA) 

8 1TSTR 153 II rA 26 JJ-30-8 KARl (MUGUGA) 

9 JJ-30--4 KARl (MUGUGA) 27 TES1 R 149 liT A 

10 JJ-30-18 KARl (MUGUGA) 28 TESTR 132 lrtA 

lJ JJ-30-3 KARl (MUGUGA) 29 CML2021R CIMMYT 

12 TLSTR 156 lilA 30 MGA19-4-1 KARl (MUGUGA) 

JJ CML2041R CIMMYT 31 TESTR 136 I ITA 

14 EARLY -N-POP-7-13-5-1 kARl (MUGUGA) 32 TESTR 151 HrA 

15 JJ-30-22 KARl (MUGUGA) 33 [. 11-133n/44-6-3-17-3-2 KARl (MUGUGA) 

16 TlSTR ISO liT A 34 THSTR 133 liT A 

17 JJ-30-16 KARl (MUGUGA) 35 CML206JS6/44-6-3-7-1 KARl (MUGUGA) 

18 Jt-30-7 KARl (MUGUGA) 36 CMU9~1R CIMMYT 

These seeds were added in a sand'seed mixture and placed in an enlarged planting hole at a depth 

of 7- 10 em (directly below the maize seed). 
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The genotypes were planted in a S m single row plots, spaced at 7S em between rows and 2S em 

bet\.~·een hills. two seeds per hill which was later strategically thinned to one plant per hill. to 

g1ve a population of approximately 53,333 plants per hectare. The crops were planted in an alpha 

lattice (0, 1) design with 2 replicates. Normal crop husbandry practices were followed; weeding 

was done three weeks after planting and thereafter hand pulling was done only to remove other 

types of weed other than Striga. Di-ammonium phosphate ( 18-46-0) was applied during planting 

at 50 and 128 kg Nand P20S/ha, and top dressing was done using calcium ammonium nitrate 

(CAN) at SO kg N/ha. 

Data were recorded from each plot on agronomic traits which included: grain yield, days to SO% 

anthesis. and days to SO% silking, anthesis silking interval, plant height and ear height. Reaction 

to major diseases was also assessed, including gray leaf spot and Exserohilum turcicum. Striga 

damage rating was recorded using a scoring scale 1-9 (Where 1-3= no damage, 4- 6= extensive 

leaf blotching, wilting, some stunting and 7-9= complete scotching) (Plate 4.1). Striga counts 

data were assessed by counting the number of Striga plants emerged per plot starting at 8 and 

after every two weeks up to 12 weeks after planting. 

5.2.2 Pot experiment 

The 36 maize inbred lines were planted in pots 20 em diameter and 30 em in height. The pots 

, .. ere filled with sand soils up to 2S em from the pot bottom. The Striga inoculum was applied in 

each pot using a table spoon to ensure about 2000 viable Striga seeds per pot. An enlarged hole 

was made in the sand in each pot and the maize seeds were placed directly on top of the 

moculum. Four maize seeds were sown in each pot and later thinned to two to ensure a uniform 

stand. The data recorded included Striga counts 10, 12 and 14 weeks after planting (WAP), 
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flowering Stnga plants at 12. 14 and 15 W AP and Striga plants setting seeds at 12. 14 and 15 

\\ \P. Striga attachments were recorded after washing the maize roots and later counting 

individual attachments. 

5.2.3 Statistical analysis 

Striga count per meter squared was calculated and the data was later transformed using, 

LOGJO(X + I) 

Where: X counts per meter squared. 

Adjustment of grain yield to 15% moisture content was done after harvest. The data were then 

subjected to analysis of variance (ANOVA) using the General Linear Model (GLM) of the 

statistical systems (SAS) package (SAS, 2003) at individual and across locations. Means were 

separated using Duncan's Multiple Range Test at p<0.05. LSD (0.05) values based on analysis of 

variance were also calculated to allow pair-wise multiple compansons among means. 

5.3 Results 

5.3.1 Field experiments 

5.3.1.1 Striga free environment 

There were highly significant differences (P<O.OOl) in grain yield among the inbred lines (Table 

5 2). The mean grain yield was 1.4 t/ba and the range was 0.1 to 4.3 t/ba. Inbred line 

OSU231 /56 44-6-4-17-3 gave the highest grain yield while CML395IR gave the lowest grain 

} teld. Among the top 10 inbred lines in terms of grain yield seven were from KARl one from 

CIMMYT and two from liT A. 
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There \\ere also highly significant {P<O.O 1) differences observed in days to 50% anthesis. days 

to 50°/o silking, plant height car height root lodging, £ . turcicum and plant aspect. The stem 

lodge and ear aspect were significant at P<0.05. The most susceptible inbred lines for£. 

wrcicum were those from liT A by between 3 and 4 in a scale of 1-5. These materials have not 

been screened against turcicum blight disease. The inbred lines included: TESTR 133, TESTR 

136. TESTR 151 , TESTR 153, TESTR150 and TESTR 132. However inbred lines TESTR 149, 

TESTR 139 TESTR 152 and TESTR 156 gave a score of less than 3. Most of the resistant inbred 

lines with low turcicum scores were the KARl- Muguga lines. 

5..3.1.2 Striga infested environment 

There were significant genetic differences (P<0.05) in reaction to Striga infection among the 

maize inbred lines. A mean of 5.1 for Striga damage rating (SDR) and a range of2.5 to 6.5 were 

observed. The genotypes with desirable SDR scores were identified as 11-30-18, CML 202IR, JI-

30-19. Jl-30-20, Jl-30-22, TETR 150, JI-30-21 and Jl-30-16. These inbred lines had a score of 

2.5 -4 which is considered resistant according to the scale described by Kim (1994). Inbred line 

OSU23 1//56/44-6-4-17-3, though had a score of6 was among the top 5 best in tenns of grain 

} ield. This line could be considered tolerant as the Striga effect on grain yield performance was 

minimal. It is noted that six out of these eight lines had a JI- prefix which probably underscores a 

common pedigree of a resistant origin. 
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Table 5.2. Penonnance of the maize inbred lines under Striga free environment 

Days to E. 
Gr&lll 50% Plant EM Rooc twclctt Plant 
yield anlbesJS betJh be.p loci& Stem Jod&e ., (score aspect F.-aspect 

IWU; Entry {liba) (days) 1 (em) l(cm) e(%) (%} 1-.S) (ICOR I·S) (ICOC'e 1-.S) 

1 30 4J 643 200 103 2S 1.0 24 B 30 

2 8 41 700 14S 10 I...S OJ 2..5 31 40 

3 19 40 6SI 184 101 S3 o...s 24 40 3..5 

4 20 39 631 199 103 s.s II 2...S 3.5 33 

5 27 H 680 190 103 IS I...S 2 I 33 30 

6 36 2J 74 3 llS 78 2.3 01 2..5 21 33 

7 29 22 673 19S 114 83 00 26 J...S 2..5 

8 9 19 68 s 169 94 OS I 0 30 JJ 33 

9 11 16 693 Ill 74 2S 00 23 2S 3..5 

10 18 I.S 78 3 146 18 7.0 03 20 21 4S 

11 15 l.S 7S8 136 1S 6.S O.S 2.4 3.0 40 

12 10 14 71 s 146 73 IS 03 24 2.S 4.S 

13 32 I 4 778 134 84 3.3 20 24 3 s 4.S 

14 23 14 74 8 133 84 70 08 2S 21 43 

15 22 I 3 7S8 138 88 ss I 3 2 I 31 4.3 

16 6 I 2 6S.I 136 15 23 00 30 20 3.5 

17 16 II 78 s liS 91 73 01 24 23 40 

18 13 II 748 123 70 3S o.s 21 2.3 4.3 

19 4 II 611 114 64 4.0 2.5 21 II 40 

20 17 II 778 134 10 2.8 IS 26 2S 4.3 

21 34 II 753 136 IS 2.0 3.5 21 21 4.S 

22 28 I 0 763 104 63 S.S I...S 26 II 4.3 

23 35 10 7(> 3 I~ 10 23 00 24 33 311 

24 21 I 0 1SS 140 II 63 0.5 24 30 4.3 

25 12 09 11.S 123 68 II OJ 21 20 4.S 

26 14 OS 810 121 70 2.8 0.5 21 2S 41 

27 5 07 70s IS3 93 28 23 29 2.1 40 

28 1 06 74.5 149 74 1.5 03 30 2.3 4.0 

29 26 OS 71 s 128 73 08 0..5 30 20 3.8 

30 31 OS 78S 106 63 00 08 2.3 I 8 4.S 

31 3 0.4 690 126 74 11.3 I.S 34 2.0 40 

32 7 04 800 16.S 88 40 00 3 I 2.5 3.8 

33 25 02 73 s 159 93 as OS 20 2.0 3.3 

34 2 0 I 73.3 93 60 43 01 40 2.3 3.0 

35 24 0 I 150 ISO 90 53 00 2.1 2S so 

36 33 
01 888 17 63 28 I.S 23 20 41 

Mean 14 733 1409 816 41 09 26 27 3.9 

CV(04) 30 s 77 255 22.6 29.9 211 16 3 20.9 263 

ISD(O OS) 194 810 so 19 2561 460 119 0 51 1.12 II 93 

Sta. . .. ••• ••• ••• ••• • ••• ••• • 

•. ••. •••- Significant at 0.05, = 0.01 and = 0.001 respectively 
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Tiere '"ere significant differences among the inbred lines {P<0.05) in grain yield. days to 50% 

amhesis (AD) and days to 50% silking (Table 5.3). The mean grain yield was 2.1 tlha and the 

range was 0.2 to 2.9 tlha. Inbred lines JI-30-19, OSU231 !156144-6-4-17-3. Fl-14-14-24-4-5-4. Jl-

30-1 8 and TESTR 156 were the top S best perfonners. They gave desirable grain yield of 

between 1.9 and 2.9 tlha under artificial Striga infestation. Inbred line 11-30-20 yielded the least 

(0.2 tlha). The mean for AD was 68.4 days and the range was 65 to 86.8 days, while the mean for 

SD was 72.8 and the range was 69.5 to 71.2 days. 

There were significant differences in reaction to E.turcicum among the inbred lines similar to 

'""hat was observed under Striga free conditions in the present study (Table 5.3). Thus Striga 

infestation does not appear to interfere with expression of resistance or susceptibility to E. 

turcicum. 

There were highly significant differences in Striga counts {P<O.OOI) at 12 WAP. Genetic 

variations among the inbred lines were observed in Striga counts 8 , 10 and 12 W AP. The mean 

Striga count at the 12th WAP was 7.9 Striga plants per meter squared and the range was 2.85 to 

-l6.48 Striga plants per meter squared (Table 5.3). Inbred lines TESTR 139, TESTR 151, TESTR 

152, TESTR 132, TESTR 150, TESTR 136, TESTR 156. TESTR 149, Jl-30-21 and JI-30-19 

gave the least number of Striga plants per square meter. 

Further assessment on the resistance of the maize inbred lines was done by examining the 

relationship between the grain yield and the Striga resistance traits. 
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Table 5.3. Pcrfonnance of the maize inbred lines under artificial Striga infestation 

s~• H. Ear Smgv 
Grain days to turcicum aspect damage: Striga Stnga SlTJga 
yield an thesis (score 1- (score 1- raung countS count 10 count 12 

R..nl. I ntn (tlha) (days) 5) 5) (!!Core 1·9) WAP 1M1 WAP/M2 WAP IM1 

I 19 29 758 2) I 8 3S 041 070 0 78 

2 30 24 650 30 33 6 .0 0 95 I 38 16S 

3 27 2 .2 61S 3S 43 !U 011 I 38 I..Sl 

4 10 I 9 73 8 3.5 H 53 0.55 070 093 

s 18 19 77 s I 8 31 2.5 041 0.15 I 03 

6 23 1.7 80s 18 31 43 0.35 I 03 1.21 

7 29 1.7 1S.S 3.5 4 .1 4..5 I 03 123 1.35 

8 II 16 68.0 3 3 43 43 0 71 I IS 10 

9 15 L6 780 2 .S 4J 48 O.SI 098 1.10 

10 24 I 6 76.5 I 8 4 .3 48 0 45 I 03 1.33 

I I 9 I 5 73.5 38 3 8 48 065 I OS 1.33 

12 33 I 2 74 6 30 43 43 041 0 88 1.18 

13 31 I 2 7S.O 28 43 33 040 095 I.IS 

1-t 14 1.1 775 20 31 45 0 33 0 80 0 91 

15 16 1.1 713 20 31 40 063 I 08 140 

16 12 1.1 77.3 33 48 so 050 098 I II 

17 7 1.1 720 38 38 4S 0 20 050 068 

18 21 1.1 793 IS 3S 40 0 80 0 83 I 08 

19 6 I 0 68.S 3 5 4.5 40 0 II O.S8 078 

20 4 1.0 70.5 25 3 8 ss 010 025 O.S3 

21 13 I 0 78 6 2.S 43 6S I 03 I 28 I 38 

22 22 0 .9 768 23 38 40 0 68 1.10 1.38 

13 32 0 .9 748 33 43 s.s 098 1.35 I.SI 

24 5 0 .9 695 33 38 45 0 30 07S 090 

25 17 0 .9 861 2.5 4.5 48 060 073 093 

26 3 0 .9 71.5 30 38 ss 023 060 093 

27 36 09 733 28 30 48 0 55 0.75 I 13 

28 28 0 .8 79 3 2S 40 5.5 073 098 1.23 

29 35 0.8 n.3 28 so 48 06S 0 80 I 18 

30 26 08 71.0 3.S 43 43 048 0 .98 I 10 

31 25 08 740 2.5 4.3 so 0 83 I 15 I SO 

32 2 0.7 68.5 38 43 60 0S3 0 88 1.10 

33 8 0 .7 BH 2.S 40 .58 030 04S 068 

34 34 OS 155 3.0 40 ss 0.50 I OS I 28 

35 I 0 .4 75.5 40 38 so oss 068 0 .75 

36 20 02 133 38 4.5 40 068 0 83 100 

\<1ean 2.1 73.8 2.8 3.6 4.5 0.7 1.0 1.2 
CV(%) 27.4 1.7 24 7 174 30.4 335 34 8 32 9 

lSD 1.36 925 144 1.41 2 02 0 so 057 0 .S2 

(0.05) 
Si& • ••• •• • • •• •• • •• 

•, ••, •••- Significant at 0.05, 0.01 and 0.001 respecttvely 
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Th s was investigated through the use of simple linear correlation coetlicients from combined 

analysis data for the two sites (Table 5.4 ). A highly significant (P<O.OO I) and negative 

correlation ~as observed between grain yield and SDR (r = -0.67***), but no significant 

correlation was observed between grain yield and Striga counts. The Striga resistance traits were 

high]) correlated among them selves. Striga counts 8 W AP was highly correlated to Striga count 

10 WAP (r=0.81***) and 12 WAP (r-0.77***). Striga count at 10 WAP was positively and 

highly correlated to Striga count 12 WAP (r=0.95***). The grain yield was also found to be 

positively correlated to ear aspect (r-0.46***) and plant aspect (r 0.75***). It was clear that for 

the more resistant genotypes, Striga counts peaked at week 12 and declined towards the 141h 

week. Therefore to assess resistance at week 12 should probably be recommended. The decline 

of Striga plants from 121h week after planting could be attributed to plants dying after the host 

has succumbed to infestation at the maximum level. 
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Table 5A. (urn.! attun ,Cl\\ccn ~ 1c an e . tn~a rcs1stance trmts un I . . IJ J th \' . er. rrgu 1n cstcl con d \'t . . f d" I !lOll 

I r.trl~ YIO ,\[) so ASI PII EH r PI' GLS RI 'ST HII<C lA ''" ~DR ~ IMX_ \IH U!_ 

Y\D l llO 

AD .() 2.1 

~D .() 38• 076• .. 

ASI -013 -012 OJ?• 

Pll OJS -0-10'' -0 .18 .. -0 IS 

1:1/ oss•u -0.40" -0.47 ... -0.32• 0.43 .. 

f:PP 039 .. 033 .. -0.03 -041 .. -0.10 020 100 

GLS 0 l~·· ..009 .() 08 
.() ·~ 006 0]9 .. 014 100 

Rl'ST 014 -0.16 -0.15 -0 25 0.03 029 026 0.33 .. 1.00 

IURC -026 .() 47 -0.20 017 022 001 -0 57••• 0.17 012 

EA 0.46··· 0.1 I 0.21 0.18 -0 08 .() 30 -0 4~ -0.32' -0.25 028 100 

PA o 1s•·• -036 .. -0 51' .. -0 tO 0 33• 0 59 ... 031 022 011 -0 07 -0 20 

SDR -067• .. -0 16 -006 OlS -0 OS -049••• -0 24 -0 24 -016 028 016 -0 28 I 00 

STR8 017 0.04 019 0 37• 011 0.12 -0 17 -0.11 -O.JS 0.0-l 0 .18 O.QI 0.22 1.00 

SIRlO 0 27 -0 13 ..()04 027 024 023 -0 17 -0.1 I -0 ... -001 021 013 015 0 81 ••• 100 

SIR12 0 21 -0 IS -0 01 0 lS• 0 15 018 -0 17 -0.21 -0.24 -0 08 022 012 0 IS 0.77 ... 095' 00 

•. ••, • ••- Significant at 0.05. 0.0 I and • 0.001 respectively 

Yld- Yield, AD= days to 50°o antbesis. SO· days to 50°o silking, ASI · antbesis silking interval, PH Plant height. EH ear height. GLS Gray leaf spot. 

turc E.turctcum, SDR- Stnga damage rating, STR8~ Stnga counts SWAP, STRIO- Stnga counts JOWAP and STRI2 Strtga counts 12 WAP 
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53.1 Pot experiment 

High!) significant differences were observed among the inbred line.., in Stnga coums at 10 WAP 

Ta: e 5.5) But thi was not the case at 12 WAP. H owever at the 14 WAP the number of Stru:a 

plants which emerged hadhighly ignificant (P<O.O I) differences. The number of emerged .~triga 

planb \aried among the different genotype (Plate 5.1). For the ->usceptible genotype.., Stnga emerged 

as from the 6WAP which wa very early as oppo ed to the resistant genotypes. 

Pftut 5.1. Emerged Striga plants on mai1c.: inhred lin~ planted to pots 

AoY.ering Stri~a plants per pot \"as not ignificant at 12 and 14 WAP, but it ""as highl} 'ltgnificant at 

15 \\'AP The Striga plants etting seed.., per pot was not significant at 12 W AP, though it exhibited 

Jgnificant differences (P<0.05) at 14 and 15 WAP. The number of Striga attachment ob..,crvcd was 

not igniftcant. The mean number of attachments per pot wa.., 20.71 and the range \"as 0 to 74.5 

Srnga attachments per pot (Table 5.5). The..,e ob ervations were ..,,milar to tho e found in the field. 



the range was 0 to 74.5 Striga attachments per pot (Table 5.5). These observations \\Cre similar 

to those found in the field. 

After computing a simple linear correlation between the Striga resistance traits, Striga 

attachments were found to be significantly correlated to Striga counts at 10 W AP (r=0.2S** and 

14 W AP (r= 0.31 *) (Table 5.6). The Striga setting seeds were also significantly correlated to the 

nwnber of attachments per pot. 
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Table 5.5. Striga resistance traits recorded in pot experiment under artificial Striga infestation 

3 

4 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

IS 

19 

JJ 

36 

Mean 

C\'('l) 

Eo!!)' 
31 

32 

33 

34 

7 

5 

6 

36 

26 

4 

15 

20 

35 

19 

16 

22 

23 

2 

13 

29 

12 

17 

II 

14 

l.'D( 0.05) 

Sipif IQI:lCe 

Smga count 
IOWAPIM1 

0.00 

0.00 

0.00 

0.00 

1.05 

2.50 

2.80 

2.55 

3.15 

2.50 

4.70 

2.50 

2.75 

1.75 

3.35 

2.75 

3.20 

2.80 

3.10 

310 

3.20 

2.65 

325 

3.45 

3 .70 

2.65 

29.84 

1.61 

••• 

Slfigacount 
12WAPIM2 

0.00 

0.00 

0.00 

0.00 

1.05 

3.05 

2.95 

2.85 

3.05 

280 

5.21 

2.70 

3.05 

1.15 

3.30 

3.05 

320 

2.95 

320 

3.15 

3.30 

3.10 

3.45 

3.50 

3.70 

16.84 

212 

1.41 

•• 

Striga 
count 14 
WAP/M1 

~.04 

0.00 

0.00 

0.00 

1.30 

2.60 

2.70 

2.75 

2.75 

2.85 

2.90 

290 

2.90 

2.95 

2.95 

2.95 

3.05 

3.05 

3.15 

3.15 

3.35 

3 .40 

3.45 

3.55 

3.60 

2 .72 

14_<;4 

0.83 

••• 

Flo>Aering 
Striga 

plants 14 
WAP/M 2 

0.00 

0.00 

0.00 

0.00 

0.15 

0.00 

0.35 

0.40 

0.30 

0.00 

0.19 

0.15 

0.00 

0"0 

0.15 

0.00 

0.50 

OJO 

0.30 

0.15 

0.55 

0.00 

0.40 

0.45 

0.65 

5.39 

31.20 

0.18 

••• 

Flowcnng 
Stnga 

plattt5 I 5 
WAP/M 2 

000 

0.00 

0.00 

0.00 

0.15 

0.00 

0.35 

0.50 

030 

000 

0.00 

0.15 

0.15 

0.15 

0.15 

0.65 

0.10 

0.55 

O.'iO 

0.65 

0.00 

0.45 

0.65 

0.90 

0.33 

33.85 

0.49 

•• 

• . ••. •••- Significant at 0.05, = 0.01 and= 0.001 respectively 
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Stnga plants 
'iCtung 5CCds 
14 WAPIM1 

0.00 

0.00 

0.00 

0.00 

0.15 

0.00 

0.00 

0.10 

0.00 

0.15 

000 

0.00 

0.30 

0.40 

0.30 

0.00 

040 

0.15 

0.00 

0.00 

0.15 

0.15 

0.15 

0.15 

0.00 

0.11 

31.10 

028 

• 

Striga plants 
setting seeds 
15WAPIM1 

000 

000 

0.00 

0.00 

0 .15 

0.00 

0 .15 

0.40 

0.25 

0 .30 

0 .15 

0.00 

0.40 

0.45 

0..30 

0 .15 

0.40 

0.10 

000 

030 

050 

0.55 

0.50 

0.15 

0.24 

31.00 

0.45 

• 

Striga 
Attachments 

(no) 

050 

000 

1 .~ 

1.50 

2800 

29.50 

7.50 

32.50 

73.50 

25.00 

5.50 

1950 

22.50 

4.00 

9.50 

38.50 

20.50 

26.00 

300 

300 

74.50 

44.00 

23.00 

14.50 

14.50 

20.71 

32.48 

59.87 
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TableS. Correlation between Striga resistance traits 

Traits 2 3 4 5 6 7 8 9 

1Suiga coorniO WAP 

~.5lriga 0011111 12 W AP 0.33° 

j,Sui~ COWl 14 WAP 0.92° .. 0.04 

!a-:rlncSrnRa plants 12WAP 0.34" 0.99••• 0.06 

5.Fiowcrinc Sll"iga plants 14WAP 0.32• 0.10 ... 0.03 0.99•·• 

6.Fiowainc Srriga planb lSW AP o..so··• .0.21 0.57°00 .0.17 .0.21 

7 .Sui'ga seamg seeds 12 W AP 0.33° 0.99••• 0.03 0.99••• 0.99••• .().23 

S.Srriga sating seeds 14 WAP 0.15 -0.14 0.25 -0.10 .0.14 0.36 .. .0.10 

9.Srriga seruag seeds IS WAP 0.41° 0 -0.07 0.47-· -0.06 .().Q7 0.53°00 .0.07 0.73° .. 

:O.S1riga IIUCbments 0.25 .. -0.13 0.31° .0.15 .0.13 020 .0.14 0.12 0~11° 

•. ••. ••• - Significant at 0.05, = 0.0 I and = 0.00 I respectively 

5.4 Discussion 

A broad range of genetic variation in Striga resistance traits was exhibited in this srudy panicularly 

in the number of Striga plants emerged and the number of Striga plants attached. Similar results 

were reported by Amusan et al., (2008). Under Striga infested conditions, the days to 50% 

flowering for the most susceptible inbred lines was delayed by about 5 days and some maize inbred 

lines did not reach days to 50% silking. Cases of delayed flowering while testing several maize 

cultivars under different nitrogen levels were also reported by Kim et aJ., ( 1997) . Our results also 

agree with these results in which some inbred lines never silked leading to reduction in yield due to 

lack of fertilization. The delay in flowering is a common observation in maize subjected to stresses 

other than Striga, for example drought stress (Banziger et aJ.,2000). 

The ear aspect of the tolerant and resistant inbred lines was significantly superior compared to that of 

lhe susceptible inbred lines. The usefulness of the ear aspect in the assessment of host plant response 

to Striga infection was also reponed by other workers (Kim et al., 1997) . The inbred line JI-30-19 
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plant response to Striga infection was also reported by other workers (Kim et al .• 1997) . The 

inbred line Jl-30-19 exhibited the best ear aspect and also gave the highest grain yield. The 

number of ears harvested from the maize inbred lines tested in this study proved to be a major 

component of grain yield under Striga infestation as was previously reported by Kim, ( 1991 ). 

Most of the inbred lines with field resistance to Striga had significantly fewer attached parasites 

as opposed to the susceptible inbred lines. These results were consistent with previous 

observations reported in maize (Kim, 1999; Amusan et al., 2008). Striga emergence in some 

moderately susceptible inbred lines was found to be similar to Striga emergence in some 

resistant and tolerant lines, as was observed in inbred lines tested in the field (fable 4). Previous 

results from several studies showed that Striga emergence counts from tolerant maize cultivars 

and from moderately susceptible cultivars were not significantly different This discredits the use 

of Striga emergence counts as the only criterion to distinguish genetic control of Striga tolerance 

in maize (Kim, 1994; Kim and Adetimirin, 1997). This is probably because resistance may often 

be confounded by tolerance existing in the same germplasm . 

..\significant and negative correlation has been shown between grain yield and Striga damage 

rating (SDR) (Kim and Adetimirin, 1997; Amusan et al., 2008). Similar observations were made 

in the present study where a significant (P<O.OOl) and negative correlation was recorded between 

grain yield and SDR (r:: - 0.67** *). However there was no significant correlation between grain 

yield and Striga counts as would have been expected. 

In the present study, the observed significant and positive correlation between the attached and 

emerged Striga plants with the Striga damage rating and reduction in grain yield of the maize 

plants indicated that the possibility exists of selecting maize inbred lines with low SOR scores 

and Striga emergence, and with higher grain yields under Striga infection. 
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As was found in this study, the number of Striga attachments has similarly been shown in the 

past to correlate with the number of emerged parasites in the pots (Kim, 1999:Arnusan et al., 

2008). Several previous studies have revealed a strong correlation between attached Striga 

plants in pots and the number of emerged parasites both in pots and field. In the present study 

inbred lines TESTR 139, TESTR 151, TESTR 152, TESTR 132, TESTR 150, TESTR 136, 

TESTR 156, TESTR 149, ll-30-21 and n-30-19 had significantly fewer emerged Striga plants 

compared to the susceptible lines. These results suggest the possibility of selection for field 

resistance to Striga by using both attached Striga and emerging Striga either in the pot or in the 

field. 

5.5 Conclusion 

Striga-resistant maize inbred lines were identified from among the diverse range of inbred lines 

tested. The maize inbred lines with fewer emerged Striga plants and low SUR scores were 

considered as the resistant lines, which confirm many previous studies in maize research. The 

HT A inbred lines were confl!Illed as having resistance since most of them supported very few 

emerged Striga plants. However the use of Striga counts as a criterion in selection for Striga 

resistance was found not to be the most appropriate. On many occasions a small number of 

emerged Striga plants caused heavy Striga damage in some of the inbred lines tested. A 

significant and negative correlation between grain yield and Striga damage rating was observed. 

The number of emerged Striga plants was found to be highly correlated to the number of Striga 

attachments on the maize roots. Through the use of the observed significant and positive 

correlation of the attached and emerged Striga plants with the Striga damage rating and 
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reduction in grain yield of the maize plants, it is therefore possible to select maize inbred lines 

\\i th lO\\ SDR scores and Striga emergence, and with higher yields under Striga infection. 
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CHAYfERSIX 

Field evaluation, combining ability studies and prediction of single 

cross and double cross maize hybrids from germplasm with 

resistance to Striga hermonthica 

Abstract 
\faize is an important food source in Africa. Its yield and production has been on the decline, 

making Africa and specifically Kenya a net importer of the grain. The parasitic weed Striga 

affects maize on an estimated 20 m ha, making it a major cause of maize yield reduction from a 

near world average of 4.2 t/ha few decades a go to the present 1.3 tlha. The objectives of this 

study were to; l) examine the combining ability of 20 maize inbred lines and, 2) identifY F1 

single cross hybrids which can be used to develop other hybrids resistant to Striga hermonthica 

Del) Benth. The 20 inbred lines used consisted of eight Striga resistant lines from liT A, nine 

Striga resistant lines from KARl and three CMLs from CIMMYT. Fourteen female inbred lines 

were crossed using North Carolina Design ll with all six males coming from the IITA group 

resulting to 84F1s. The resulting 84 F1s along with six commercial checks were evaluated in four 

separate trials for two rainy seasons during 201 0. The trials were conducted on station under both 

artificial Striga infestation and under Striga free environments using standard procedures at the 

Kibos and Alupe sites, both in the Kenya's Lake Victoria Basin. Data were recorded on Striga 

counts from 6th weeks after planting (W AP) and repeated every 2 weeks up to the 12 W AP. 

Citriga damage rating (SDR) was recorded on a 1-9 scale ( I= no damage; 9= totally damaged). 

Days to male and female flowering, plant height, ear height, grain moisture content and grain 
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~ield "ere also recorded. General combining ability (GCA) and Specific combining ability 

CA) effects were computed using SAS, where the females were considered as the tested lines 

and the males as the testers. The new F 1 hybrids outperformed the commercial checks in grain 

yield and reaction to Striga infection and damage. The best Striga resistant F1 hybrid yielded 

6.8tlha while the tolerant commercial check gave 3.0t/ha. GCA mean squares due to lines and 

testers were highly significant (P<O.OO l) for all traits studied. The ratio of GCNSCA mean 

squares exhibited a predominance of additive gene effects in the inheritance of Striga resistance 

traits as opposed to dominance gene effects. Estimates of GCA effects indicated that six inbred 

lines were good combiners for grain yield. A number of single crosses out yielded the six hybrid 

checks under artificial Striga infestation. Prediction of the perfonnance of single and double 

cross hybrids was performed. Superior double cross hybrids which gave grain yield of > 6 tlha 

were identified. This small number of superior hybrids should further be tested under Striga 

infestation without having to test an enormous number of double cross hybrids. The high GCA 

inbred lines, the superior single crosses and the predicted double cross hybrids could provide a 

basis for future development of three-way and double cross hybrids suitable for growing in 

Striga prone areas of the Lake Victoria Basin in eastern Africa. 

Key words: GCA, SCA, Striga hermonthica, maize inbred lines, 

6.1 Introduction 

Many African countries often produce less maize than what they consume making them net 

importers of maize although maize is an important food crop in sub-Saharan Africa (SSA) and it 

providing the bulk of the calories in diet (Vivek. 2009). The average maize yield is 1.3 tlha much 

below the world average of 4.2 tlha (F AO statistics: w"vw.fao.org). This results in net 
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malnourishment of people due to shortage which affects about 300 million people in Africa (Kim 

et a/ .. 1997). Solutions are needed to various production and marketing problems. including low 

grain yield. susceptibility to pests and diseases, adaptation to the specific growing ecologies, and 

yield loss that result from the devastating effects of Striga parasitic weed (Kim, J 994 ). 

Many Striga control approaches have been developed, without much success when used singly 

Kiruki. 2006). The major control strategies are: J) agronomic control which requires intensive 

work for several seasons, and 2) the herbicide use which has a risk of Striga developing 

resistance to the chemicals. Integration of several Striga control methods otTers a better and a 

cost effective Striga control for the resource poor farmers in sub-Saharan Africa. 

The use of host plant resistance (HPR) has been limited, though it is the most economically 

feasible and environmentally friendly means of Striga control for the farmer. A series of studies 

at IITA, found some maize varieties that were tolerant to Striga (Kim, 1994 ). These studies 

concluded that the genetic control for tolerance and resistance of maize genotypes tested to S. 

hermonthica was polygenic and had quantitative inheritance. Twenty inbred lines and seven 

synthetics which were found to be tolerant and resistant to S. hermonthica were developed from 

diverse gennplasm through artificial infestation with seeds obtained from various host crops 

(Kim, 1994). Some of these lines were used in the present study to determine their usefulness in 

variety development in this region. 

Combining ability of inbred lines is a factor that determines the usefulness of the lines in hybrid 

combinations. The value of the line can best be expressed through the performance of crossing 

combinations (Hallauer and Miranda, J 981 ). Sprague and Tatum ( 1942) introduced the terms 

general combining ability (GCA) and specific combining ability (SCA). The general combining 

abilit) can be determined by using a broad base heterogeneous population as tester, while 
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differences in the SCA can be revealed using a tester with a narrow genetic bac;e (inbred line or 

single cross) (Spitko el al .• 2010). Identification of inbred lines with good GCA and SCA effects 

rely on the availability of genetic diversity among different groups of genotypes involved in the 

breeding programme (Legesse et a/., 2009). GCA expresses the mean performance of a parental 

line in hybrid combinations, while the SCA is a measure ofthe value ofindividuaJ combinations 

as a function of the mean performance of the parental components. GCA and SCA are always 

relative values and depend greatly on the performance of the specific inbred lines involved in the 

crosses (Spitko eta/., 201 0). The value of GCA tends to express additive gene effects, while 

SCA is more indicative of dominant and epistatic gene effects. 

ln the SSA maize is grown over a diverse range of environments starting from the lowlands, mid 

altitude to the highland ecologies (Derek and Carl, 1997). Some of these regions are infested 

\\ith S. hermonthica which cause a yield loss of 40 to 60% in grain yield but can go up to 1 00%. 

The grain lost is estimated at seven billion tons annually, affecting about 100 million people 

!Kanampiu and Friesen, 2003). Enhancement of maize production in the Striga prone areas can 

be achieved by identifying elite Striga resistant lines which can be used to develop high yielding 

resistant varieties. 

The best linear unbiased prediction model (BLUP) has been used by breeders in prediction of 

hybrid performance. This method uses observations of the relatives of a genotype to estimate its 

breeding value. The breeding value is calculated as the weighted sum of the performance of a 

particular line and the performance of its relatives, the closer the relative the larger the weight 

(Makumbi et a/., 201 0). 

The objectives of this stud> were to: 1) evaluate F1 single cross hybrids, 2) estimate the 

combining ability effects of the maize inbred lines from UTA, KARl, and CIMMYT for Striga 
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~.·istance traits, grain yield and foliar diseases, 3) identify promising hybrid crosses \\hich may 

be used directly or be used in the formation of three wa} cross and double cross hybrids \\hich 

C3ll be gro~ by the resource poor fanners. 

6.2 Materials and Methods 

6.2.1 Genotypes 

T\\ent} (20) maize inbred lines sourced from three different institutions (Table 6.1) including 

eight Striga resistant inbred lines from liT A, nine resistant inbred lines from the . 

Table 6.1. The list of maize inbred lines used in the development of 84 single cross maize 
hybrids 

Entry Pedigree Source Male/female Remarks 

1 CML444 CIMMYT Female Adapted 

2 TUSTR 1S3 liT A Female Strigo resistant 

3 Jl-30-4 KARl Female Strigo resistant 

4 Jl-30-3 KARl Female Strigo resistant 

5 Jl-3~18 KARl Female Strigo resistant 

6 CMU04 CIMMYT Female Adapted 

7 TI.STR 132 liT A Female Strigo resistant 

8 CML3 12 CIMMYT Female Adapted 

9 
CML206//56/~3-7-

I KARl 
Female Adapted 

10 Fl - 14-14-24-4-5-4 KARl Female Strigo tolerant 

11 Fl-14-79-4-1-3 KARl Female Strigo tolerant 

12 
o ·u23 1 h56t~n-

3 KARl 
Female Strigo tolerant 

13 111~16-1 KARl Female Strigo tolerant 

14 111~214 KARl Female Strigo tolerant 

15 TESTR 136 liT A Male Strigo resistant 

16 TESTR 139 liT A Male Strigo resistant 

17 Tf.STR 149 liT A Male Strigo resistant 

18 TESfR 150 liT A Male Strigo resistant 

19 TESTR 151 liT A Male Strigo resistant 

20 TI.5TR 156 I ITA Male Strigo resistant 
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Kmya Agricultural Research Institute (KARl) and three well adapted inbred lines from 

International maize and Wheat improvement center (CIMMYn were selected and used in a 

crossing block at Kiboko Kenya. Fourteen (14) inbred lines were used as females while six 

~triga resistant lines were used as males (Table 6.1). Eighty four (84) single cross hybrids were 

developed through use of North Carolina Design II mating design. 

6.2.2 Field evaluation 

The 84 single crosses along with six commercial checks (Table 6.2) were evaluated under both 

artificial Striga infestation and Striga free environments. The 20 parents and four checks were 

also evaluated for two seasons during the 2009 and 201 0 long rainy seasons each at Kibos 

(0
1
40S. 34°48'E) and Alupe (0°29~, 34°20'E) in Kenya. The Striga inoculum was prepared by 

mixing 5 kg of fme river sand with 10 grams of Striga seeds. Infestation was done by applying 

the inoculum in an expanded hill of7-10 em depth during planting thus transferring about 7,000 

viable Striga seeds per hill. 

The maize seed was placed on top of the inoculum and covered with soil. The experimental 

design was an alpha (0, 1) lattice design with three replications (Patterson and Williams, 1976). 

The spacing was 75 em between rows and 25 em between hills. The hybrids were over sown 

~ith two seeds per hill and later thinned to one to anain a plant density of 53,333 plants per ha. 

The six checks included KSTP94 and UA Kayongo as the resistant checks and PHB3253, 

\\'H505. H5 13 and OH04 as the susceptible checks. 

Trial management practices including fertilizer application and weeding were done differently 

for each of the Striga infested and Striga free environment as recommended. For the Striga 

infested trials, the first weeding was done using a hoe but subsequent weeding was done by hand 

to uproot o other weeds apart from Striga. 
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Table 6.2. The list of Fl hybrids tested for response to Striga damage under Striga infestation at 
Kibos and Alupe in 2009-2010 

ENTRY Pedigree ENTRY Pedisree 
1 CMl. 444 TES fR 136 46 Jl-30-3'Tl'STR ISO 

2 TES llt JS3fTFSTR 136 47 n-30-IBffi..SfR ISO 

3 Jl-30-4fTfSTR 136 48 CMU04rrhSTR ISO 

4 n-30-3 Tl STR 136 49 TESTR 132frFSfR ISO 

5 Jl-30-13 TESTR 136 50 CML31211l:.STR I SO 

6 CMU04fTESTR 136 51 CML2061 '56t44-6-3-7-1 ll STR ISO 

7 TESTR 132/H~STR 136 52 F1-14-14-24-4-S..o4 TLSTR ISO 

8 CMU 12/TFS fR 136 53 Fl-14-79..o4-I-31TLS1R 1~0 

9 CMU06 56144-6-3-7-lfflSTR 136 54 OSU231 1156/44-6-4-17-3/ TfS fR 150 

10 F 1-14-14-24-4-S-4/ TLSTR 136 55 J110-7~ffESTR ISO 

11 FI-14-79-4-1-3/TESTR 136 56 Jll (). 28-#fff.S TR I SO 

12 OSU2311/S6/44-6-4-17-3/TF.STR 136 57 CML444ffESTR lSI 

13 JII0-7~/ TESTR 136 58 TESTR I S3ff( STR IS I 

14 JII0-28-IffESTR 136 59 n-30--4frESTR lSI 

15 CML 444 TEST R 139 60 II-30-3/ TESTR lSI 

16 TESTR IS3ffFSTR 139 61 Jl-30-18/'ff.STR IS I 

17 J1-30--4rrESTR 139 62 CML204ffESTR IS I 

18 Jl-30-3 TLSTR 139 63 TESTR 1321rESTR lSI 

19 Jl-30-18 TLSTR 139 64 CML3121TESTR lSI 

20 CML204ffESTR 139 65 CML2061 S6t44-6-3-7-lffl.STR I Sl 

21 TESTR 132ffLSTR 139 66 FI-14-14-24-4-S-4ffLSTR lSI 

22 CMUI2. rESTR 139 67 Fl-14-79-4-1-3ffESTR lSI 

23 CMI206i ~44-6-'l-7-Jfii(\TR 139 68 OSU231.tS6 '44-6-4-17-3 TESTR lSI 

24 Fl-14-14-24-4-S-4'TFSTR 139 69 nl0-7~'TE:.STR lSI 

25 Fl-14-79-4-1-3 TI.STR 139 70 Jll0-28-IrrESfR lSI 

26 OSU231, 56144-6-4-17-3/TFSTR 139 71 CML 444rrTSTR I 56 

27 Jll0-7~TESTR 139 72 TESTR IS3ffESTR 156 

28 Jll 0-28-lffF.ST R 139 73 JI-30-4/TTSTR IS6 

29 CML 444/TESTR 149 74 JI-30-3/TESTR 156 

30 TESTR IS3fflSTR 149 75 JJ-30-18rrESTR 156 

31 Jl-30-4/ TES1 R 149 76 CML204ffESTR 156 

32 Jl-30-3ffESTR 149 77 TESTR 132frES fR IS6 

33 Jl-30-18fiESTR 149 78 CML312ffl·STR 156 

34 CMU04 ITSTR 149 79 CMU061/S6/44-6-3-7-11 TI STR 1~6 

35 TES fR 132fiiSTR 149 80 Fl-14-14-24-4-S-4ffts1R 156 

36 CML312/TFSTR 149 81 FI-14-79-4-J-3, TLSIR 156 

37 CMU061 56144-6-3-7-11 TI'.STR 149 82 OSU23li/S6/44-6-4-17-3/ fi:.S IR IS6 

38 Fl- 14-14-24-4-S-4 lfSTR 149 83 JII0-7~ffESTR 156 

39 FI -14-79-4-1-JflT:STR 149 84 JII0-28-1 rrESTR 156 

40 0SU23 1/JS6/44-6-4-17-3rrl.S fR 149 85 PHB 3253-COMMERCIAL Clll CK 

41 n J0-76-,t/TFSTR 149 86 KSTP94-COMMERCIAI. CHI c.-

42 JII0-28-IffF-STR 149 87 LA KAYO~ GO .CO\.i.\U:RCIAL Cllf'CK 

43 CML 444rrt:.STR I SO 88 WH50S.COMMERCIAI. CHECK 

44 ThSTR 153/ fl STR ISO 89 HS 13-COMMERCIAL CIII C K 

45 Jl-30--4 TESTR ISO 90 DH04- COMMERCIAL CHfCK 
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Data for all agronomic traits were recorded on per plot basis for each experiment. 'lbe data 

recorded included Striga counts, Striga damage rating, days to 50% pollen shed, days to 50% 

silling. diseases gray leaf spot (caused by Cercospora zea-maydi) Northern leaf blight (caused 

~ Exserohilum turcicum) and Maize streak virus (MSV) (caused by maize streak geminivirus). 

grain moisture content and grain yield. Striga counts were done at 6th, 8th, 1 01h. and 1 th week 

after planting by counting the number of Striga plants emerged in each plot. Striga damage 

rating was recorded at the l O'h week using a scale of 1-9 ( l = clean with no damage and 9-

heavily damaged). Disease data were recorded on maize streak virus (MSV), gray leaf spot 

(GLS), rust and Nothern leaf blight using a 1-5 scale (1= no disease and 5 severely diseased). 

Grain yield (tlha) was computed from unshelled cobs by taking 0.8 shelling percent and 

adjusting it to 12.5% grain moisture content. 
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6l.3 tatisticaJ analysis 

Combined anal} ses of variance were conducted for all the traits measured for each environment 

separately. Log1o function transformation was done on the Striga counts. Using the formula~ 

Y- Log1o(X· 1) 

where. Y= Transformed data and x- actual Striga counts 

Line x tester analyses of variance was performed to estimate general combining ability (GCA) 

and specific combining ability (SCA) according to the model by (Singh and Chaundhary, 1985) 

statistical model. 

rhijk = p+ a,+ PJ + (ap)IJ + Rh + ehl)k 

Where, 

Yh1Jk the observation of the k-th full-sib progeny in a plot in h-replication of the i-th 

paternal parent and the j-th maternal parent; 

p = the general mean; 

a,= the effect of the i-th male parent; 

~j= the effect of the j-th female parent; 

(aPJ,r= the interaction of paternal and maternal genotypes; 

Rh + the effect of h-th replication and 

eh1Jk = the environment effect and remainder of the genetic effect between full sibs on the 

same plot. 

Statistical analysis system (SAS, 2003) was used with the environment considered as random 

effect while the genotype was considered as a fixed effect. The mean squares of variance for the 

ines (females) and the testers (males) and their interaction effects were determined. The GCA 
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dfects of all 20 lines and the SCA effects of the 84 single cross h> brids were determined. Test 

· r significance of the GCA and the SCA effects were performed by computing the standard 

mor for lines, testers and crosses and then tested usingthe t-test and taking the degree of 

:Teedom of the pooled error mean square. 

The predicted performance of hybrids based on GCA can be calculated by adding the GCA of 

both parents to the overall mean grain yield (GY) of the single cross hybrids. 

Prediction of double cross hybrid performance is crucial to plant breeders especially when 

dealing with many inbred lines; e.g. for a case of20 maize inbred lines while using dial lel 

mating design would produce n(n-1)12 190 single crosses and 3n!/[4!)(n-4)!} 14535 double 

crosses without reciprocals (Allard, 1960). It is actually impossible and expensive for the breeder 

to evaluate the double cross hybrids, thereby, necessitating the prediction of the double crosses 

from the performance of the single crosses. The most accurate estimate of the yield of the double 

cross could be made from the mean yield of the four non parental single crosses. The average 

performance of single crosses A XC, A X D, B XC and B X D can be used to predict the 

performance of the double cross (A X B) (C X D) (Allard, 1960). 

6.3 Results 

6.3.1 Inbred lines under Striga free environment 

High}) significant differences (P<O.OO 1) were observed in grain yield among the inbred lines 

(Table 6.3). The mean grain )ield of the new inbred lines was 2.26 t/ha while the mean of the 

trial \\as 2.29 tlha. The range for grain yield was 0.5- 4.9 tlha. Entry 11 was the best in grain 
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~ icld (4.9tlha) while entry t 5 yielded the least (O.St/ha) (Table 6.1 ). The best inbred line check 

:;J\·e a) ield of 4.13 tlha \\hile the least gave 1.17 tlha. 

Highly significant differences \\ere observed in days to 50% anthesis. anthesis silking interval, 

ear aspect and reaction to diseases (Table 6.3). The inbred lines were within the same maturity 

bracket compared to the checks. There were some earlier maturing inbred lines that flo\\ered in 

less than 72 days which was the trial mean. The mean score for E. turcicum was 2.2 while the 

trial mean was 2.17 on a scale of 1-5 and a range of 1.3- 4.7. The inbred line checks exhibited 

low E. turcicum scores compared to the new inbred lines indicating resistance to the disease. The 

inbred Lines with high disease score gave low grain yield. 

63.2 Inbred lines under Striga infested environment 

There were highly significant (P<0.001) differences observed among the inbred lines under 

artificial Striga infestation in grain yield (Table 6.4). The mean grain yield of the new maize 

inbred lines excluding the checks was 1.03 tlha while the trial mean was 0.74 tlha and the range 

\\as 0.27- 2.33 tfha. 

There were highly significant differences (P<O.OOl) observed on days to 50% anthesis, ears per 

plant and ear aspect. Reaction to diseases (E. turcicum, GLS and rust) was also highly significant 

(P<O.OO I) among the inbred lines. The mean days to 50% anthesis were 70.8 days and the trial 

mean \\as 71.9 days. 
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---· A11lhf'~l~ fur oUI)I!Cl Mallf! ~lfOolk 

SO% days to sllklns Interval ran pf'r pldr1t (SrorP 1- vlru~ (Score I turcic:um Gray lf'af spot Rust ( Scorl' 

fNTRY antht~ fd ino.) Sl 1 SJ {Score 1 ~ lli_ortt 1 5J. 1 "1 
1 0.80 74 ·l.S 0.8 3.3 0.0 2.8 1 I :2 . :2 

2 217 78 0.3 0.8 25 0.0 1.7 2.8 2.5 

3 3.27 68 2.0 0 .9 1.7 0.3 2.5 2.8 2.3 

4 4 .00 69 0.7 0.8 1.3 0.7 1.2 2.2 1.8 

5 297 76 -3.2 1.0 2.7 0.0 1.0 2.3 2.0 

6 2.53 80 -5.7 0.9 2.7 2.0 1.5 2.2 1.8 

7 2.17 74 3.7 0.9 2.3 0.3 2.2 2.3 1.8 

8 4.27 71 4.0 1.0 1.8 1.0 1.3 1.7 2.2 

9 3.30 72 0.3 1.0 2.3 0.7 1.5 2.3 2.0 

10 0 .90 74 3.7 0.6 4.0 1.7 1.3 1.8 3.2 

11 4.90 64 -7.7 1.0 1.8 0.0 1.3 2.3 2.3 

12 2.97 68 3.3 0.9 2.7 0.3 2.3 2.0 2.0 

13 1.33 75 5.7 0.6 3.5 2.7 2.3 1.8 2.7 

14 1.30 63 ·0.3 0.9 3.7 0.0 3.5 1.7 1.7 

15 0.50 72 9.3 0.6 4.5 0.0 4.7 1.5 1.7 

16 4.50 72 3.7 0.8 1.7 0.0 1.8 2.2 1.7 

17 0 .90 72 0.0 0.6 3.7 0.0 2.8 2.2 1 7 

18 0.73 70 4.7 0.7 4.0 0.0 2.8 1.8 18 

19 0.83 71 4.0 0.7 3.8 0.0 2.7 2.0 1.8 

20 0.93 74 5.0 0.7 3.5 0.7 2.8 2.5 3.3 

Check 1 1.17 77 4.0 0.6 3.8 0.0 2.2 2.0 1.8 

Check2 1.87 70 1.0 0.8 3.7 0.3 2.3 1.7 3.7 

Check3 4.13 73 2.3 0.9 1.7 0.0 1.7 2.0 1 7 

Check 4 2.57 73 2.7 0.9 1.8 0.0 1.8 2.2 1.5 

Mean 2.29 72 1.75 0.80 2.85 0.44 2.17 2.08 2.13 

cv 27.14 2.42 24.604 20.89 13.52 27.64 16.46 16.47 16.39 

LSD 1.02 2.96 6.9 0.27 0 .63 1.08 0.59 0 .56 0 .57 

SIG. 

•, ••. ••• - Sr&ruficanlll 0 OS, • 0 0 I and • 0 00 I ~pe~:ta\CI) 
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Table 6.4. Reaction of the maize inbred lines to artificial Striga infestation across sites ranked by 
gram yield 

SO% days Anthesls Ear Strlgo 
Grain to silklng Ears per aspect damage Strlgo Strlgo Strigo 
yield anthesis interval plant (Score 1· rating counts 6 counts8 counts 10 

Rank ENTRY (t/ha) (d) (d) (no.) 5) (Score 1-9) WAP WAP WAP 

1 5 2.33 76.40 0.66 1.03 2.33 1.84 0.17 0.42 0.56 

2 4 2.17 67.96 2.98 0.93 2.17 2.01 0.22 0.58 0.89 

3 u 1.90 67.79 4.83 0.93 3.00 1.51 0.36 0.73 0.92 

4 11 1.90 64.29 4.14 1.00 3.17 2.67 0.41 0.90 1.21 

5 16 1.60 74.46 4.31 0.97 2.83 3.67 0.20 0.31 0.59 

6 6 1.57 76.13 0.64 1.03 3.00 1.34 0.15 0.43 0.80 

7 8 1.27 73.43 4.31 0.83 3.17 3.37 0.11 0.21 0.46 

8 10 1.17 73.29 0.89 0.90 3.00 1.84 0.20 0.59 1.00 

9 2 0.97 75.79 1.08 0.67 3.50 4.17 0.11 0.24 0.63 

10 7 0.73 74.13 4.33 0.97 3.83 4.01 0.19 0.33 0.84 

11 14 0.73 60.96 0.47 0.97 3.83 4.01 0.22 0.43 0.77 

L2 20 0.67 70.63 2.65 0.70 3.83 4.01 0.22 0.43 0.60 

13 3 0.57 69.47 3.43 0.70 3.67 3.84 0.27 0.50 0.87 

14 9 0.53 70.29 7.42 0.57 4.00 3.17 0.48 0.92 1.27 

15 13 0.50 71.79 7.62 0.50 3.83 3.51 0.38 0.76 1.02 

16 19 0.47 71.29 2.16 0.60 4.00 3.01 0.11 0.23 0.34 

17 15 0.47 69.96 2.98 0.80 4.17 5.34 0.07 0.16 0.24 

18 1 0.43 69.71 0.71 0.87 4.17 3.17 0.15 0.17 0.38 

19 18 0.37 69.46 5.14 0.67 4.33 4.51 0.10 0.21 0.49 

20 17 0.27 69.46 2.43 0.47 4.00 3.84 0.05 0.16 0.29 

21 23 1.77 70.29 3.08 0.93 2.50 5.01 0.29 0.55 0.85 

22 24 0.70 72.63 6.31 0.70 3.67 5.41 0.11 0.31 0.79 

23 22 0.40 69.96 1.98 0.77 4.33 4.51 0.14 0.43 0.78 

24 21 0.10 74.79 8.40 0.17 4.67 6.67 0.38 0.67 1.07 

Mean 0.74 71.92 4.94 0.64 3.79 5.40 0.23 0.49 0.87 

cv 28.47 3.7 31.46 22.8 13.86 46.85 82.94 47.83 32.69 

LSD 0.7822 3.11 5.4 0.2914 0.8067 1.84 0.2 0.24 0.28 

SIG. ••• • •• • • •• • •• • •• ••• ••• ••• 
•, ••, •••- Significant aLO.OS, = 0.01 and= 0.001 respectively 

WAP= Weeks after planting 

The inbred lines reacted differently to Striga infestation with the checks being highly devastated 

(Plate 6. I). The Striga syndrome rating was highly significant (P<O.OOl). 
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Platt 6.1. Effect of Striga mf~tauon on susceptible mai£c inbred lines tested under artificial Strtga mfe~tation at 

K1ho~ 

The trial mean for the SDR wa-, 5.40 while the mean of the ne\\. inbred hne~ was 3.24. Maize 

inbred ltnes with very good score~ were idcmified a cntrie~ 5, 6, I 0, and 12, which exhibited 

rc,Jstance as they had core~ of lower than 2 and gave 1,igmficant grain yield. The top best eight 

( ) entne~ exhibited SDR score~ of between 1.51-3.37 u.,tng a cale of 1-9. 
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6J.3 ingle cross hybrids under Striga free environment 

There \\ere highly significant differences observed on grain yield among the F 1 hybrids 

(P<O.OO I) (Table 6.5). The mean grain yield was 4.6 tlha and the range was 2.1 - 6.7 tlha. 

Among the single crosses in the top 20 best performers 45% consisted of parent TESTR I 56 as 

the male. The best commercial hybrid check gave a yield of 4.8 tlha. exhibiting the superiority of 

the new ft hybrids, they were ranked ranked 44. The new F1 hybrids were within the same 

maturit) bracket compared to the commercial checks meaning the varieties fits well in that 

ecology. The mean for 50% days to anthesis of the F1 's was 65.5 days while that of the 

commercial checks was 66.5 days. 

HighJ} significant differences (P<O.OOl) were observed in reaction to E. turcicum, GLS and rust. 

The mean for E. turcicum was 2.8 and the range was 2.0-4.5 in a scale of 1-5. The new Ft 

h) brids exhibited a high level of resistance to the major diseases comparable to the commercial 

checks which were well adapted (Plate 6.2). 

It was noted that the single crosses from susceptible parents also succumbed to E. turcicum 

disease (Plate 6.2) as was exhibited by hybrid Jll 0-28-#/ TESTR I 36. The female parent 

exhibited high E. turcicum scores (4.7 using a scale of I -5). Differences in gray leaf spot and leaf 

rust among the hybrids were also highly significant (P<O.OOl ). The mean for the two diseases 

\\ere I .4 using a scale of 1-5. The range for gray leaf spot was 1.2 - 2.0 while the range for rust 

was 1.1 - 1.9. 
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Pltu~ 6.2. Reaction of the F1 h)bri<b to E.wrctcum 

6.3A ingle cross hybrids under Striga infested environment 

There were ignificant difference ob. ervcd for grain yield, dayc; to SO'k- pollen ')hcd, day to 

5CV silk1ng, Striga damage rating, Striga counts al8, I 0 and 12 but not at 6 WAP among the 

genot~pe~ under anificial Stnga infe lation (P<O.Ol) (Table 6.6). The mean grain yield v.a!-> 2.50 

llha and the range wa\ 2.30 to 6.80 tlha for the nev. F1 h} brid'> while the range for the 

cornmercJal checks wa., 2.1 to 3.0 tlha. 
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Table 6.5. Mean performance of the top 20 single cross hybrids for yield and other agronomic 
rrw · d fl · ts across sttes un er Stri!!a rec environment 

Gray 
50% days Anthesis Ear Maize E. leaf 

Grain to silking aspect streak turclcum spot Rust 

yietd anthesis Interval (Score 1- virus (Score 1- (Score (Score 
Rank ENTRY (t/ha) (d) (d) 5) (Score 1-5) 5) 1·5) 1-5) 

1 74 6.7 67.3 0.8 1.9 0.8 2.4 1.5 1.8 

2 79 6.6 65.9 1.6 1.8 0.8 2.0 1.3 2.0 

3 80 6.4 64.8 1.3 2.1 0.3 2.1 1.5 1.8 

4 78 6.3 65.6 0.3 2.0 0.8 2.5 1.5 1.8 

5 71 6.3 68.5 -0.6 2.2 0.8 2.6 1.4 1.6 

6 75 6.2 67.7 0.8 2.2 0.5 2.3 1.3 2.1 

7 82 6.2 69.0 0.8 2.0 1.1 2.3 1.5 2.0 

8 76 6.1 68.5 1.1 2.1 0.3 2.5 1.5 1.6 

9 32 6.1 65.7 -0.1 2.2 0.3 2.5 1.7 1.2 

10 51 6.0 65.5 1.0 2.2 0.3 2.1 1.3 1.2 

11 so 5.9 64.9 1.3 2.3 0.6 2.5 1.7 1.3 

12 9 5.8 63.8 0.7 2.0 0.6 2.2 1.2 1.8 

13 73 5.8 67.1 0.3 2.3 1.0 2.3 1.5 1.7 

14 38 5.7 63.9 0.3 2.5 0.5 2.6 1.7 1.2 

15 37 5.7 66.3 0.9 2.2 0.3 2.2 1.2 1.2 

16 64 5.7 65.9 1.3 2.4 0.4 2.8 1.3 1.5 

17 23 5.6 65.3 1.8 2.3 0.3 2.1 1.3 1.2 

18 4 5.5 64.0 0.9 2.0 0.4 2.3 1.3 1.7 

19 47 5.4 65.5 1.2 2.5 0.6 2.3 1.6 1.2 

20 52 5.4 63.6 1.3 2.6 0.3 2.5 1.8 1.1 

Mean 6.0 65.9 0.8 2.2 0.5 2.4 1.4 1.5 

46 88 4.8 67.8 1.5 2.7 0.9 2.4 1.3 1.8 

48 85 4.8 68.8 2.6 3.0 0.6 2.2 1.2 1.6 

54 89 4.5 65.0 3.3 3.0 1.7 2.5 2.0 1.7 

60 90 4.4 64.8 1.8 3.1 1.1 2.7 1.6 1.7 

69 86 3.7 63.3 3.7 3.2 1.3 2.5 1.6 1.9 

85 87 2.7 69.3 2.4 3.5 0.4 2.6 1.3 1.6 

Mean 4.6 65.6 1.1 2.8 0.5 2.8 1.5 1.4 

cv 32.57 3.69 37.34 18.16 43.04 17.42 29.75 29 

LSD 1.21 1.94 0.89 0.41 0.66 0.39 0.34 0.33 

SiR. ••• • •• ••• ••• ••• • •• ••• • •• 
•. ••, ••• - Significant al 0.05, 0.0 I and 0.00 I respectively 
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The mean grain yield ofthe top 20 F, hybrids was 6.18 tlha while the mean ofthe commercial 

checks was 2.6 tlha. This would depict an increment of over 1 00% in terms of grain yield if the 

farmers grew the new single cross hybrids. 

Strt{!a damage rating (SDR) scores were highly significant (P<O.OO 1) among the F 1 hybrids. 

From SDR cores resistant, tolerant and susceptible genotypes were identified. Single crosses 

ll-30-3/ TESTR 151 , ll-30-18ffESTR 151 , CML206//56/44-6-3-7-l/ TESTR 149, JI-30-

18TESTR 156 and CML206//56/44-6-3-7-IffESTR 156 exhibited very low SDR scores in the 

range of 1.3 - 2.3 on a scale of 1- 9. Striga count differences at 6 WAP were not significant as 

expected as most of the genotypes had very few or no emerged Striga plants at that early stage. 

However Striga counts at 8, 10 and 12 W AP were highly significant (P<O.OO 1) (Table 6.6). 
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!able 6.6. The mean grain yield performance of the top 20 single cross maize hybrids and 

0 

;,-eaction to artificial Striga infestation from a combined analysis in Alupe and Kibos. 

I 

I 

I 

Strigo 
damage Striga 

Grain 50% 50% rating count 
yield days to days to (Score 1- 6WAP 

Rank ENTRY (t/ha) anthesis silking 9) M~ 

1 60 6.8 66.0 66.4 1.3 0.03 

2 61 6.8 66.0 66.7 1.7 0.03 

3 37 6.4 65.4 66.0 1.8 0.04 

4 75 6.4 65.8 67.8 2.3 0.13 

5 79 6.4 65.7 66.6 1.7 0.08 

6 74 6.4 66.3 68.0 1.7 0.08 

7 80 6.3 64.3 66.1 1.4 0.06 

8 23 6.2 64.5 66.2 2.7 0.04 

9 5 6.2 64.5 65.5 1.8 0.01 

10 64 6.2 65.4 66.4 1.6 0.08 

11 4 6.1 63.8 65.0 1.7 0.02 

12 67 6.1 64.8 65.6 1.5 0.04 

13 51 6.0 64.4 65.8 3.2 0.04 

14 65 6.0 64.9 65.5 1.4 0.11 

15 59 6.0 64.5 65.3 1.5 0.03 

16 9 5.9 62.6 63.5 2.5 0.06 

17 71 5.9 67.3 67.8 2.2 0.08 

18 57 5.9 67.2 66.9 1.6 0.06 

19 47 5.8 64.9 66.3 2.1 0.07 

20 32 5.8 66.5 66.8 1.7 0.02 

90 85 2.1 68.5 70.9 4.6 0.04 

87 86 2.5 62.3 65.6 3.3 0.08 

81 87 3.0 68.9 71.3 2.7 0.01 

89 88 2.3 67.0 69.1 4.7 0.13 

82 89 3.0 64.7 67.5 5.3 0.07 

85 90 2.9 65.3 67.2 5.0 0.10 

Mean 2.48 64.63 66.56 4.10 0.07 

CV(") 39.26 3.95 4.28 36.07 45.42 

LSD (0.05) 1.29 2.13 2.4 1.25 0.11 

S.!I_n ifica nee •• ••• • •• ••• NS 
•, ••, ••• - Significant at 0.05, 0.0 I and 0.00 I respectively 
W AP Weeks after planting 
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Stnga 
Striga count 

count 8 IOWAP 
WAPIM1 /Ml 

0.33 0.67 

0.27 0.75 

0.52 1.01 

0.79 1.23 

0.49 1.04 

0.57 1.13 

0.67 1.19 

0.47 1.02 

0.53 0.94 

0.48 0.97 

0.37 0.78 

0.41 0.73 

0.55 1.03 

0.48 0.88 

0.42 0.75 

0.47 0.90 

0.65 1.15 

0.45 0.96 

0.57 1.04 

0.32 0.79 

0.54 1.00 

0.65 1.09 

0.09 0.36 

0.76 1.22 

0.65 1.07 

0.53 1.00 

0.53 0.97 

35.24 33.01 

0.29 0.26 

••• ••• 

Strigo 
count 

12WAP 
M, 

0.93 

0.96 

1.18 

1.38 

1.25 

1.31 

1.34 

1.17 

1.09 

1.26 

0.98 

1.02 

1.20 

1.08 

0.91 

1.06 

1.33 

1.07 

1.18 

0.93 

1.23 

1.26 

0.65 

1.35 

1.20 

1.15 

1.12 

28.1 

0.26 

••• 



6.3.5 Agronomic performance under artificial Strlga infestation 

There were highly significant differences (P<O.OOl) observed in grain yield, days to 50% silking, 

SDR., Striga emergence counts (6, 8, 10 and 12 W AP), MSV, turcicum, GLS and leaf rust (Table 

6.7). The grain yield of the crosses ranged 2.3-6.8 tlha and the trial mean was 5 tlha while the 

>ield of the six commercial checks ranged 3.8-4.1 tlha with a mean of 4 tlha. The F1 hybrids 

were in the same maturity bracket as that of the commercial checks under artificial Striga 

infestation. The F 1 hybrids exhibited a lower mean score for the SDR (2.4) as opposed to the 

commercial checks (4.3) (Table 6.7). The F1 single cross hybrids also performed better in foliar 

diseases than commercial checks. 

The relationship between the yield performance and the Striga resistance traits of the hybrids 

was investigated by a simple linear correlation in a combined analysis for the two sites (Table 

6.8). A highly significant (P<O.OOl) and negative correlation coefficient was observed between 

grain yie ld and SDR (r= -0.67***). A positive and significant correlation coefficient was 

observed between Striga counts per m2 and yield 6 WAP, r= 0.22, and 8 WAP. Striga counts 10 

WAP and 12 WAP was highly significantly correlated to yield across sites (r=0.44) and (r= 

0.30), respectively. 
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Table 6.7. Performance of the top 40 Fl hybrids under artificial Striga infestation across sites 

Stngo Str1ga Strigo Gray 
50% damage count St,f(a count Stnga E. Leaf 

Gram SO% days rating 6 count 10 count IWCICUm spot 
y1eld days to to (Score WAP SWAP WAP 12WAP (score 1- (Scored 

l~nk EtffRY (t/ha) anthes1s silking 1·9) iM2 JMl /Ml J\12 5) 1·~ 
1 60 6 .8 66.0 66.4 1.3 0.03 0.33 0.67 0.93 2.3 1.3 
2 61 6.8 66.0 66.7 1.7 0.03 0.27 0.75 0.96 2.3 1.2 
3 37 6.4 65.4 66.0 1.8 0.04 0.52 1.01 1.18 1.8 1.3 
4 75 6.4 65.8 67.8 2.3 0.13 0.79 1.23 1.38 1.9 1.6 
5 79 6.4 65.7 66.6 1.7 0.08 0.49 1.04 1.25 1.9 1.2 
6 74 6.4 66.3 68.0 1.7 0.08 0.57 1.13 1.31 2.1 1.5 
7 80 6.3 64.3 66.1 1.4 0.06 0.67 119 1.34 2.3 2.0 
8 23 6.2 64.5 66.2 27 0.04 0.47 1.02 1.17 1.8 1.4 

9 5 6.2 64.5 65.5 1.8 0.01 0.53 0.94 1.09 2.1 1.2 
10 64 6.2 65.4 66.4 1.6 0.08 0.48 0.97 126 2.6 1.4 

11 4 6.1 63.8 65.0 17 0.02 0.37 0.78 0.98 2.4 1.4 
12 67 6.1 64.8 65.6 1.5 0.04 0.41 0.73 1.02 2.3 1.4 

13 51 6.0 64.4 65.8 32 0.04 0.55 1.03 1.20 2.3 1.3 
14 65 6.0 64.9 65.5 14 0.11 0.48 0.88 1.08 2.2 1.2 

15 59 6.0 64.5 65.3 1.5 0.03 0.42 0 .75 0.91 2.4 1.2 
16 9 5.9 62.6 63.5 25 0.06 0.47 0.90 1.06 2.1 1.2 

17 71 5.9 67.3 67.8 2.2 0.08 0.65 1.15 1.33 2.7 1.5 

18 57 5.9 67.2 66.9 1.6 0.06 0.45 0.96 1.07 2.8 1.2 

19 47 5.8 64.9 66.3 2.1 0.07 0.57 1.04 1.18 2.3 1.7 

20 32 5.8 66.5 66.8 1.7 0.02 0.32 0.79 0.93 2.5 1.6 

21 81 57 67.9 68.7 1.6 0.11 0.51 1.08 1.28 2.3 1.6 

22 33 5.7 65.0 65.5 2.0 0.05 0.33 0.94 1.13 2.4 1.7 

23 8 57 63.8 64.8 1.8 0.03 0.54 0.98 1.26 2.5 13 

24 76 57 68.2 69.5 2.1 0.03 0.49 1.08 1.28 2.4 1.6 

25 31 5.7 65.2 65.8 2.2 0.04 0.36 0.93 1.15 2.5 1.6 

26 38 5.6 63.2 64.2 1.7 0.12 0.47 1.03 1.18 2.5 1.6 

27 78 5.6 64.8 65.8 2.2 0.06 0.70 1.32 1.52 2.5 1.8 

28 50 5.6 64.0 65.0 2.2 0.06 0.62 1.23 1.38 2.6 1.7 

29 73 5.6 65.6 66.9 2.1 0.08 0.54 1.05 1.17 2.3 1.7 

30 68 5.6 671 68.1 1.6 0.03 0.36 0.68 0.96 2.4 1.3 

31 46 5.5 65.8 67 2 2.2 0.04 0.37 0.87 1.03 2.4 1.6 

32 82 5.5 68.6 69.8 2.2 0.03 0.46 1.03 133 2.2 1.8 

33 10 5.5 62.8 63.3 2.6 0.07 0.57 1.04 1.20 2.3 1.5 

34 3 5.4 63.7 64.6 1.7 0.04 0.45 0.80 0.97 2.4 1.3 

35 62 5.3 66.6 67.8 1.9 0.06 0.46 0.87 1.05 2.5 1.2 

36 40 5.2 66.7 67.7 1.9 0.02 0.47 0.97 1.23 2.3 1.4 

37 39 5.2 65.8 65.9 1.8 0.08 0.32 0.74 1.08 2.5 1.4 

38 u 5.2 65.9 66.1 2.4 o.u 0.42 0.87 1.06 2.3 1.3 

39 54 5.2 66.1 67.8 3.1 0.01 0.47 0.94 1.18 2.1 1.5 

40 45 5 .1 65.5 66.2 2.4 0.05 0.43 0.78 1.05 2.1 1.8 

90 85 2.1 68.5 70.9 4.6 0.04 0.54 1.00 1.23 2.4 1.4 

87 86 2.5 62.3 65.6 3.3 0.08 0.65 1.09 1.26 2.8 1.8 

81 87 3.0 68.9 71.3 2.7 0.01 0.09 0.36 0.65 2.3 1.4 

89 88 2.3 67.0 69.1 4.7 0.13 0.76 1.22 1.35 2.5 1.4 

82 89 3.0 647 67.5 5.3 0.07 0.65 1.07 1.20 2.7 2.0 

85 90 2.9 65.3 67.2 5.0 0.10 0.53 1.00 1.15 2.8 1.9 

Mean 2.48 64.63 66.56 4 .10 0.07 0.53 0.97 1.U 3 .14 1.57 

cv '") 39.26 3.95 4 .28 36.07 45.42 35.24 33.01 28.1 14.59 31.1 

1.50 (0.05) 1.29 2.13 2.4 1.25 0.11 0.29 0.26 0.26 0 .31 0.42 

Si{nifiQnce •• ••• ••• • •• NS ••• • •• ••• •• •• 
• . ••, ••• - Significant at 0.05, 0.0 I and 0.00 l respectJvely 
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:2.')_1~ ''Ill) !oo I lUI 

-~-- ·····~ f>lltl ~~ ~~I N\' I IJ IU ... ~. - ,_ 

- i-
l (I C).j••• - ·-~ '= 

3 0.25 .. o.ss••• 

I_:!_ 0.33 ... 0201 -0.20" 

5 oJs••• 0 24 1 -0.231 0.87*•• 

6 0.16 0.05 ~-0.2 1: o.5o••• 0.52 ... 
- - '-----

7 0.28 .. 0.14 -0.26 .. 0.48* .. 0.55 ... 0.53 ... ,.__-
8 0.221 011 -0.221 0.24* 0.36 ... 0.08 0.77••• 

9 0.30 ... 0.191 I -0~!2__ 0.51••• 0.55 .. * 0.541 .. 0.73*** 0.51••• I I 
10 ·0.27 .. -0.17 0.14 -0.45 ... -0.46**• -0.51••• -0.67* .. -0.45* .. -0.94••• 

ll -0.24• -0.06 0.37 ... -0.76 ... -0 76••• -0.54••• -o 65••• -0.42··· -0.67••• 0.66··· 

12 0.03 00.. I 0 02 0.14 0.12 0.19 0 17 0.14 0.22* -0.18 -0 01 

13 0.01 0.07 I 0. 18 -0.03 -0.01 0.26 .. 025 .. 018 0.29•• -OJO• .. I 0.06 0.47••• 

14 0.1 0 13 0 12 0.01 0.0002 0.26 .. 0.30 .. 0.21 1 0.35 ... -0.38··· 001 0.44••• 0.87••• 

IS 0.21* 0 22* 0.1 0,07 0.06 0.321 .. 0.401 .. 0.27 .. 0.44••• -0.46••• -0.06 0.37 ... 0.81 ... 0.94••• 

16 0.25 .. 0.32 ... ' 0.3 1••• 0.19 0.09 0.09 006 -0.001 0.30* .. -0.30 -0.01 0.31••• 0.36••• o.38••• 043 ... 

17 -0.48* .. -0.46··· -0 16 -0.28 .. -0.35••• -0.34*•• -061* .. ..(),44••• -0.82••• 0.80 ... 0.44••• -02 1* -0.291 * -0.34••• -0 44••• -0_16··· 

18 -0.08 ...Q.Ol 0 19 012 0.0.. 0.06 -0.21 -0.25 O.D3 -0.01 020 0.291 1 0.231 0.15 0.13 0.23• 0.01 
--

19 ...Q.13 -0 04 0.20* -0.25 -0.2411 -0.17 -0.05 -0 02 -0.18 0.14 0.32 .. -0.01 0.17 0.28 .. 0.26 .. 0.18 0.01 -0 OJ 

• . ••. ••• • tgmficam at 0.05, 0.01 and 0.001 r\!~pecthely 

t-AL> 50° o da)·s to nnthcsis, 2-SD 50° o da)s to silking. 3-ASI Anlhests sill..ing mterval. 4-PU Plant height. 5-EH= Ear h.:ight, 6-NP= Numher uf plants hiln.c,tcd. 7-N~- :--:umhcr of 

earsharvested, 8-EPP Ears per plant. 9-Yld Grain yield 10 tlha, I 0-EA Ear aspect, 11-SDR Strzga damage rating, 12- TR6 Strzga count 6 \\Ceks afler planting. I ~-STR8 Strz;"a count 8\\eeb 

after planting, 14- S T R10-Smga coum 10\\eel.s after plantang. 15-STRI2 Smga count l<h\C\!ks after planting. 16-MSV=Maile ~treak '~. 17-TURC- Exsuolrilum tJtre~cum, IS-Rust• Mai1c ru 1 

disease 
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6.4 Combining ability analysis 

~ignificant GCA mean squares (P<O.OO 1) were observed in the traits indicating that there were 

differences in the agronomic performance of the inbred line parents of the hybrids (Table 6.9). 

The site x GCA interaction was highly significant (P<O.OO 1) for grain yield, EPP, ear aspect, 

days to 50% anthesis, days to 50% silk.ing, GLS and E.turcicum. indicating that some of the 

parents perfonned better at particular sites. This depicts selection based on performance to 

specific sites should be effective and desirable. 

The ratio ofthe GCA: SCA mean squares were higher than unit(> 1.00) in all the traits 

bserved, suggesting that the additive gene action effects are more important than the dominance 

gene action for the agronomic traits measured. 

The GCA mean squares under the Striga infested environment were highly significant (P<O.OO I) 

for the traits except for SDR (Table 6.1 0). The GCA mean squares for the Striga resistant traits 

\\ere 1.78, 1.96, 5.31, 13.04 and 14.98 times larger than the SCA mean squares. This also 

uggested that the additive gene action was more important than dominance gene action for 

Striga resistance for these genotypes. Significant GCA efTects were observed on yield, days to 

50% anthesis, SDR and Striga counts 6, 8, 10 and 12 W AP. 

Inbred line TESTR 15 l, TESTR 156 and OSU231//56f44-6-4-17-3 exhibited significant positive 

GCA effects for yield (Table 6.11 ). However inbred line TESTR 156 exhibited significant 

positive GCA effects for the Striga resistance traits. Inbred lines n 1 0-76-# and n 1 0-28-# were 

the best general combiners for the Striga resistance traits as they had significant (P=O.OO I) 

negathe GCA effects for SDR and Striga counts (Table 6.11) although they had significant 
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oegati' c GCA effects for yield (Table 6.11 ). These two inbred lines were however. also found to 

be very -;uscepti ble to E.turcicum. 

:gnificant (P<O.O l) SCA effects for yield were observed in the F 1 hybrids. These were found 

out in crosses involving parents 7x2, l3x4, and l4x2. The hybrids 13x4 and 14x2 also had good 

CA effects for Striga resistance traits (Table 6.12), making them the best F 1 hybrids which 

could be gro\m under Striga infested fields. Hybrid 7x6 had good SCA effects for Striga 

resistance and diseases but a significant negative SCA effects for yield. This suggests that the 

single crosses were good in terms of resistance but they would need to be improved for yields. 
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Tnhk 6. (i( • \ S(' \ llH.'il/1 .squares ul the 20 nwi:tl' inhrcu llllcs undc1 ,\'triga Ire~: em 1mnm~:nt 

1:...\.H'I ohtlu 

Gray leaf Ill 

Degree!) 50% da)s to spot f tii'C tC IIIII 

of Grain Yield Ears per plant Ear aspect anthcsis Ear height (score 1- (score 1-

Source freedom ~tfha} ~no.} ~score 1-5} ~dals} {em} 5} 5) 

REP 2 1.566 0.02768849* 0.4035218 38.727*** 9102.257*** 0.3 11** 0.2261905 

SITE 3 370.593*** 0.321*** 19.784*** 1411.408*** 78776.281*** 39.257*** 13.268*** 

LINE (GCA) 13 71.975*** 0.111*** 17.628*** 204.825*** 1898.636*** 1.253**• 20.100··· 

II::.S ll:.R (GCA) 5 31.089 ... 0.018 6.973*** 136.556*** 5689.251*** 3.068*** 1.243*** 

SITE* LINE 39 4.402*** 0.032*** 0.755*** 4.558*** 161.9296 0.114*** 0.981*** 

SITI:*TESTER 15 10.825*** 0.030*** 0.656*** 4.854*** 308.9203** 0.202*** 0.898*** 

LINPTESTER (SCA) 65 2.258*** 0.018*** 0.587*** 3.069*** 151.8365 0.140*** 0.335*** 

SITE *LINE*TESTER 195 l.J 68*** 0.01240456 0.308*** 2.133979 I 72.9445* 0.078** 0.1654139 

GCA/SCA 31.88 6.17 30.03 66.74 12.50 8.95 60.00 

ERROR 670 0.781 0.011 0.176 2.078 138.3 0.061 0.147 

cv 19 11 .01 14.9 2.2 10.61 17.01 13 .66 

•. ••. •••- ~ignillcant at 0.0~. 0.01 and 0.001 respeo.:ti-.d) 
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'l'uhlc (t.IO. (il' \ "i( ' \mean SlfUUrc:-o uf the 20 muii'c inhrcJ lines uru.h.~ r \'tngtl inlcs tatiun 

Stngo StfiQO 

Strlgo Strigo Smgo count count 

Oearees Grain S~days Ears per damage count count per perM2 perM2 Grily leaf E11serohllum 

of Yield to anthes1s Ear He1ght p~nt ratma perM2 M2 (8 (10 (12 spot (score turc,cum (score 

Source frePC1om (t/ha) (days) (Cm) (no.) (Score 1·9) (6WAP) WAP) WAP) WAP) 1-S) 1-5) 

REP 2 1.493"" 149.738 127 797 0.005 0.371 0.005 1.004··· 1.772··· 1.23o••• 0.210 0.354 

SITE 3 3.568""" 806.996""" 53380.479··· 0.362··· 6.567••• 1.374""" 12.397••• 8.004··· 8.24o••• 12.953" •• 2.186""" 

LINE GCA 13 5.749" .. 192.822""" 1941.884""" o.oa9••• 0.060 o.ot5" 0.381··· 0 787""" 0.999··· 1.854•• • 19 491""" 

TESTERGCA 5 1.965••· 58.461 7264.425*•• 0.033• 0.248 0.017• 0.538••• 1.593··· 1.553••. 5.891*•• 1.295••• 

SITE"LINE(GCA) 32 0.429 81.043 230885 0.022• 0.148 0.015"" 0.071 0.099 0.097 0.199··· 0.564""" 

SITE"TESTER(GCA) 15 0495 80.595 186.636 0.025• 0.223 0.014° 0.106"" 0.168"" 0.116 0.554""" 0.509" 

UNE"ffiTER( SCA) 65 0.466" 77.840 190.080 0.017 0.034 0.008 0.072 0.060 0.067 0.206··· 0.4a9"" 

SITE"liNE"TESTfR(SCA) 123 0.368 76.810 187.551 0.014 0.073 0.008 0.055 0.056 0 .062 0.112 0.285 

GCA/SCA 12.337 2.477 10216 5.144 1.780 1.955 5.308 13.041 14.979 9.000 47.655 

ERROR 245 0.33 77.7 19962 0.015 0.226 0.009 0.059 0.078 0.078 0.109 0.284 

cv 2109 13 6' 12.36 U .2 289.62 95.66 54.53 30.74 25.78 21.54 20.15 

•, ••, ••• - Significant at 0 05, 0 0 I and 0.00 I respectively 
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T bl 6 r r n c c ' tr a c II.' I J c Cl'ts o r 1 t1c parcnhl . I malcnu s under urtiliciul .\'tnJ!a inli:statinn 

Gra10 '1t ld (1/ba) 50~e di)S Striga Striga Strig11 

I to antbtru Strlfla damage tOUJIU 6 Striga coun ts countJ 10 counts 12 t" turcicum Gra} Ita( •pot 

[ntn l"l !'olo-f'olf ldl rat iO~ l~ort 1-9\ \\ ,\P II \\ .\1' \\ \P \\\P (~cort 1-!1} l~on 1-~1 

I 1.7 OJ 1.7 -1.06··· 0 ·I 06• .. O.t•• 0 011• 001 ..() I " 

2 ..() 14 ..()66 .. ..() 14 013 0 0.13 0 0 OJ8••• 025" .. 

3 0.04 0.37 004 ..()09 0 ·0 0<1 ..() 05 ..004 ·0 Jt••• 0.07 

4 I ().I o ss••• 104 0.23 ..002 0.23 ..()06 ..006 -OJ· .. 0 

s 0.7 0.66 .. 0.7 02 0 0.2 0.05 0.05 .0.48••• ..()01 

6 163 0 'l3 I 63 019 ..001 019 003 0.07 ..o n•• 0 19••• 

7 148 ·I .!iS ' .. 148 o 88••• ..().Ql 0.88·· · ..O.It•• ..() IS .. • 0 SJ••• ..()29··· 

8 008 0 91 ··· 008 001 0.01 0.01 0.23 ... 026 ... -008 0 07 

9 ·0 12 1.12··· ..0.12 ..()04 0.01 ..()04 0.07° 0.07' ..() 62°0 0 ..() 2s••• 

10 ·I 12 0 63•• ·I 12 023 003• 023 O.t •• 0.06 -0.2S .. 0 14"' 

II ·2.78•• 0 II ·2.78 .. 003 O.ol 0.03 -004 ..() 03 ..() 22° .() 12" 

12 22" 036 2.2• 0.24 0 0.24 ..()03 0.04 ..()37 ... ..()OS 

13 .J 03•• -1.41 ••. -3.03•• ..() Q7••• ..()01 ..0 Q7••• -0.14 ... ..() 17••• 077 ... 0.16•• 

14 ·I 65 -2 01 • •• ·I 65 003 ..()01 0.03 ..o ts••• ..() 18" .. 118° .. ..()06 

IS ..() 17 ..0.37 ..0.99 ..()29" 0 .0.29" ..0.03 .o os• 0 11• ..() 19·· · 

16 ..()44•• ..0 s2• 036 061 " .. ..()01 061·· · ..()01 ..()02 ..() ,. 024••• 

17 .Oil 016 036 -053 ... ..001 ..()53 ... 0 0.01 0 I" 003 

18 .o os••• 006 0 14 018 0 018 0.03 002 ..()06 008 

19 O..tl•• ..()02 0.57 ..() 23 0 .023 ..() 14**0 ..o u• .. 001 -026° .. 

20 036 .. 07 .. ..()43 0.26" 0 02° 0 26• 0.16··· 0 16··· ..006 008 

•. ••. ••• ·Significant at 0.05, 0.01 and 0.001 respectively 
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Table 6.12.The SCA effects of the best performing Fl hybrids 

--

50% Striga Striga E. Gray 
Grain days to Striga Striga counts counts turcicum leaf spot 
yield an thesis counts counts 10 12 (Score 1- (Score 

Crosses (t/ba) (d) 6WAP SWAP WAP WAP 5) 1-S) 
1X2 ·0.09 -0.09 -0.16 0.7** 0 0.01 ·0.31* ·0.05 
2X5 -0.33 -0.22 0.48 0.42 0.1 0.06 0.05 -0.31*** 
6X5 -0.13 -0.32 0.17 0.09 0.07 0.03 0.07 -0.26** 
6X6 0.34 2.27 -0.14 0.08 -0.02 -0.03 0.02 -0.22** 
7X2 0.74** -1.21 -0.36 0.06 0.06 0.16* -0.2 -0.15 
7X3 0.34 0.29 -0.14 0.02 -0.04 -0.07 -0.31* 0.02 
7X4 0.39 -0.74 0.66* 0.05 0.08 0.08 -0.29* -0.1 1 
7X6 -0.99 2.75 0.08 0.01 -0.2*** -0.19** 0.43- -0.07 
8X1 0.41 0.04 0.17 -0.04 -0.12* -0.04 -0.13 -0.17* 
9X3 0.36 0.47 0.11 -0.11 0.03 0.01 -0.33* -0.02 
11X3 0.06 3.54 -0.46 -0.22 -0.12* 0.02 -0.03 -0.03 
13X4 0.83** 0.68 0.09 -0.4 -0.06 -0.06 -0.44- -0.06 
14X2 0.89** -0.25 -0.09 -0.43 0.01 0.02 -0.19 -0.09 
14X5 -0.07 0.13 0.16 -0.62* -0.09 -0.14* -0.29* 0.2* 

•. ••, ••• - Stgmficant at 0.05, 0.0 I and 0.00 I respectively 

6.4.1 Prediction of Single and Double cross maize hybrids 

\fethods that can be used to predict single cross hybrids performance with some accuracy prior 

to field evaluation are of particular interest to plant breeders. I lybrid grain yield performance 

predicted from the sum of the two parental GCAs and overall grain yield was strongly correlated 

v.ith observed hybrid perfonnance under Striga infested environment (Figure 6.1) and even 

much more in Striga free environment (Figure 6.2) respectively. The correlation coefficient 

between observed and predicted grain yield under Striga infestation was r 0.32** while the 

correlation under Striga free environment was r= 0.93•••. Similar results were reported for grain 

yield performance of maize under acid soils (Welcker eta/., 2005) and for seed yield in oilseed 

rape (Diers eta/., 1996). Makumbi eta/ (20 11) reported similar fmdings on hybrid performance 

prediction under low soil nitrogen and drought stress environments. Of the 20 crosses predicted 
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to ha\e the highest grain yield ba ed on the -;urn of parental GCA<; and overall mean yield under 

b. Strir;:a infc\ted and Striga free environments 4 ingle cro..,.., hybrid~ appeared con\i\tently. 

The~ h) brid include: JI-30-3ffESTR 151, CML 444ffESTR 156, CML 204ffESTR 156 and 

~ 231 '56/44-6-4-17-3/ TESTR 156. Thi\ confirms the re~i'>tance o f the '>inglc cro-.,..,e., and al<;o 

me matenal can be grown even in areas with no Striga within the rcgton . 

• • ' .. 
6.3 •• • • • • • • • • • • • -- • = s • ...... 
5.3 'C • • ] • 

> 
c • • • • 
c:l ... • m 4.3 • 'C • 
t) 

~ • t) •• • • y = 0.4984x + 2.4887 "' .0 • ~ = 0.1012 0 3.3 • • • 
• 

• • 
23 • 

15 2.5 3.5 4.5 5.5 6.5 7.5 

Predicted grain yield (GCA sum +Overall mean) 

Fi~rt 6./. Ob!>crved grain yield (t/ha) o l 8-l SC hybnds. and Lhe1r predicted gmin yield (t/ha) under Sml(a 
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62 • 
• .-• • • •• s 5.7 - • .,. 

lS • • • • j 52 
>- • •• • , 
c 
'i 4 7 • • .. 
01 
lS 

4.2 41 • l • • 41 • 3.7 .0 y = 0.7983x + 0.917 
0 

32 
~ =0.7807 

••• 
• 2.7 ._ 

2.1 3.1 4.1 5.1 6.1 

Predicted grain yield (tlha) (Parental GCA sum+ overall mean) 

Fifart 6.2. Obse!'ed grain yteld (t/ha) of 84 SC hybrids. and Lheir predicted grain yteld (t/ha) under Striga free 

emuonmem 

From the best performing 'lingle cro s h}brid'l 20 double crov) h)brid with )ield'l of more than 6 

tlh .. \\ere predicted. Twelve (12) of the predicted double cro'ls hybridc; contatncd female number 

5 none of the ingle cross (Table 6.13). It was evident that thi<; particular line contributed the 

hi~ e.,t percent of the best double eros hybrids. It should be a u'lefulline in breeding for 

re., i ... tancc to Srriga (on account of high yields). 
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Tahle 6.13. Predicted grain yield (t/ha) of top 30 double crosses fonned from some of the 

superior single crosses tested under Striga infested em ironment. 

Predicted double cross 

Entry hybrids Predicted Grain Yield (t/ha) 

1 {4XS)/(5X6) 6.60 

2 {8X4)/(5X5) 6.50 

3 {4X3)/(5X5) 6.40 

4 {9X4 )/(5X6) 6.40 

5 (5X4)/(8X5) 6.35 

6 (4X1)/(5X5) 6.35 

7 (4X1)/(5X6) 6.25 

8 (8X4 )/(5X6) 6.25 

9 (8X5)/(5X6) 6.25 

10 (5X4)/(4X5) 6.23 

11 (4X3)/(5X6) 6.20 

12 (5X4)/(9X6) 6.20 

13 {4X5 )/(9X6) 6.20 

14 {5X5)/(9X6) 6.20 

15 (5X1)/(8X5) 6.15 

16 (4X3)/(9X6) 6.10 

17 (5X3)/(9X6) 6.10 

18 (SX5)/(4X6) 6.10 

19 (9X4)/(4XS) 6.08 

20 (9X4)/(4X6) 6.08 

21 (SX1)/(9X6) 6.05 

22 (4X1)/(9X6) 6.05 

23 (8X4)/(4XS) 6.03 

24 (SX4)/(4X6) 6.03 

25 (4X1)/(8XS) 6.00 

26 (9X3 )/(SXS) 6.00 

27 (9X3)/(5X6) 6.00 

28 (SX3)/(8X5) 5.95 

29 (9Xl)/(5XS) 5.95 

30 (SX3)/(4XS) 5.93 
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6.5 Discussion 

H(• t plant resistance with reduced Striga emergence is considered as the best strategy for long 

temt control of Striga in sub-Saharan Africa Resistant maize inbred lines should be able to 

support few emerged parasites and sustain less Striga damage symptoms and produce high grain 

~ields (Yallou eta/., 2009). In this case an inbred line which supports fe"' Striga plants and 

finally succumbs to the effect of the parasite is considered not usefuJ in the development of host 

plant resistance materials (Kim and Adetimirin, 1997). The usefulness of the inbred lines in 

hybrid combinations is determined through studying their combining ability (llallauer and 

t\1iranda, 1981 ). Desirable and Striga resistant lines should show negative GCA effects for SDR 

and Striga counts and a positive GCA effects for grain yield under Striga infested conditions. In 

our stud)' TESTR 151 and OSU231//56/44-6-4-17-3 lines were considered superior and 

desirable. Inbred line TESTR 156 exhibited a significant positive GCA effects for grain yield 

and a positive GCA effects for Striga resistance traits making it not suitable for S. hermonthica 

reststance. Inbred lines Jll0-76-# and lll0-28-# exhibited very good GCA for Striga resistance 

traits but negative GCA effects for yield. These lines can therefore be utilized only as source of 

resistance to Striga in maize breeding. The importance of additive gene action was observed for 

grain yie ld and the Striga resistance traits as opposed to non-additive gene action. Similar 

findings were reported by (Yallou el a/., 2009) who reported the importance of additive gene 

effects v..hile studying combining ability of maize inbred lines containing genes from lea 

diplopercnnis. 

The relative importance of GCA and SCA variance was examined by expressing it as the ratio of 

additive to total genetic variance. The closer this ratio is to unity, the greater the predictability 

based on GCA alone (Baker, 1978). In our study the additive gene effects were found to be more 
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important than the dominance effects. The importance of the GCA effects was 12% under Striga 

infested environment and 31% under Striga free environment. Makumbi et a/ .. (20 1 0) reponed 

G< .\effects of 51-790/o in well watered em-ironment and 40-64% under water stressed 

em ironment. 

The correlation coefficient between observed and predicted grain yield under Striga infestation 

and under Striga free environment was highly significant. Welcker et a/ (2005) reported similar 

findings for grain yield performance of maize under acid soils. Other workers such as Diers el a/ 

(1996) reported similar findings in seed yield when working on oilseed rape. 

In the development of maize hybrids resistant to Striga the materials should be tested under both 

Smga free and Striga infested environments following the procedures developed by Kim (1991 ). 

Tius helps in identifying superior inbred lines in both environments which would be ideal for the 

farmers as Striga infestation in the field is not uniform and the parasite infestation of crop field is 

erratic . In the Striga free environments, TESTR 156 and OSU23 11/56/44-6-4-17-3 had positive 

and significant GCA effects for yield making them superior under both environments. Inbred 

lines n-30-3 , JI-30-18. CML 312, CML 206, and Fl-14-14-24-4-5-4 showed positive and highly 

signi ficant GCA effects for grain yield under Striga free environments. 

The significant GCA effects as opposed to SCA effects for the SDR and Striga counts indicated 

that the genetic variation for resistance to S. hermonthica among the lines was mainly controlled 

b) additi\e type of gene action. This was in agreement with (Yallou eta/., 2009) findings who 

reported significant GCA mean squares for Striga counts but contrary on SDR. Further. these 

results are in contrc:lSt to those ofKim, ( 1994) who found high SCA mean squares than GCA 

mean squares for Striga counts and higher GCA mean squares to SCA mean squares for SDR. 
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Prediction of single and double cross maize hybrids has been utilized by breeders through use of 

besl hnear unbiased prediction model (BLUP) (Balestre et a/20 II). llo\\ever it has not been 

utilized in breeding for Striga resistance. Many breeders have been evaluating hybrid materials 

dircclly \\ithout prior information on their levels of resistance to Striga infestation which is 

cu.'"llbersome and unpractical in cases of many inbred lines. Therefore methods that can be used 

to predict single cross and double cross hybrids performance with some accuracy prior to field 

evaluation may be crucial to plant breeders. For the single cross hybrids the performance was 

predicted based on the GCA of the both parents added to the mean grain yield of the single cross. 

The grain yield of the single cross hybrids predicted from the sum of the two parental GCA 'sand 

O\ erall grain yield was strongly correlated with the observed hybrid performance under Striga 

infested and Striga free environments. These results were in agreement with Wecker eta/., 

(2005) for grain yield performance under acid soils. It was noted that prediction ofF 1 hybrids n-

30-JffESTR 151, CML 444/ TESTR 156 and OSU231//56/44-6-4-17-3/ TESTR 156 exhibited 

consistent results under the two environments. 

6.2.5 Conclusion 

The outcome of the present studies confl!Ills the availability and possibility of developing maize 

h) brids with good levels of resistance to S. hermonthica. The importance of additive gene action 

\\as demonstrated in breeding for Striga resistance as opposed to non-additive gene action. 

Inbred lines with good GCA for yield and Striga resistance traits were identified as TESTR 151, 

TE: STR 156 and OSU23l //56/44-6-4-17-3. The inbred lines n I 0-76-# and Jll 0-28-# which are 

mutants from KARl Muguga might be a very good source of resistance as they gave very good 
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GO\ effects for the Striga resistance traits. These inbred lines would be of great use in the 

breeding ·tor Striga resistance in maize. Single crosses involving parents 7x2. 13x4, and 14x2 

\\C'Il: identified as the best yielding hybrids in Striga infested fields. These could therefore be 

ret. ')mmended for growing by farmers in the Striga prone areas as single crosses. 

Prediction of single cross and double cross hybrids is possible and feasible to plant breeders 

especially when handling many maize inbred lines. High yielding double cross hybrids were 

predicted from the single cross hybrids under Striga infested environment which could further be 

tested in the field. 

Striga resistant F 1 hybrids with low Striga emergence were identified. However susceptible F 1 

hybrids \\hich supported few and many Striga plants were also present. 
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CHAPTER SEVEN 

General Discussion and Conclusions 

Str•ga hermonthica is one of the most important constraints to mai1e production in the sub­

Saharan Africa. Several Striga control approaches in maize have been developed and suggested 

over the years but none of these have been widely adopted by the farmers due to being 

fmancially demanding and for being labour intensive. Therefore having been designed, generally 

these options have met negligible success. Identification of new sources of resistance to Striga 

hermonth1ca from among maize cultivars with tolerance to abiotic stresses such as drought 

tolerance and low nitrogen can help in managing the Striga problems in resource poor farmers' 

fields would be desirable. Studies have shown that cultivars with ability to tolerate drought 

po-;se's roots which go deeper although reduced in mass as opposed to susceptible cultivars 

(Banziger et a/., 2000). The superior landraces with few emerged Striga plants such as JAMA 8, 

~ LP 104, BRAZ 1838 and BRAZ 145 probably utilized this mechanism of being deep rooted. 

These particular land races supported few Striga plants ranging between 21 to 29 Striga plants 

per square meter indicating presence of good levels of resistance. These land races could be 

tenned to probably possessing specialized roots as was reported by I learnc (2009). 

Stnga infestation has been primarily a problem in small scale subsistence farming systems that 

ha\e fe~ options to access external inputs such as pesticides and fertilizers to manage the 

parasite. This is because control options must be low cost and practical (Rodenburg, 2005), and 

therefore breeding for effective genetic resistance offers the best strategy. Drought tolerant land 

races such as CHIS 53, JAMA 8 and SNLP 104 outperformed the commercial checks in terms of 
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grair yield and resistance to Striga under infestation. The results suggested that these landraces 

shou1d be trongly recommended in the Striga prone areas that mostly receive erratic rains. 

Se ~o."l.:tion and development of resistance from a wide range of maize germ plasm is a major 

pr3A. tical and rei iable approach to the management of Striga in the context of peasant or 

sulNstence agriculture. Resistant maize cultivars are more desirable because they reduce and 

curb the reproduction of the parasite to manageable levels. A major requirement for a viable 

method would be its ability to drastically reduce the rich seed bank so common in Striga prone 

emuonment as found in Kenya's Lake Victoria Basin. Identification and growing of maize 

culti\ars 'hi th higher Striga resistance levels would offer a solution in reduction of Striga seed 

bank which would finally culminate in maize yield increments. In Nyanza and Western 

prO\ inces of Kenya, S. hermothica has proven to be a serious constraint to maize production 

especially when compounded by erratic rains. Global climate change and expansion of farming 

into low potential areas due to rising population densities greatly exacerbates this problem. 

Continuous cropping of susceptible cereals season after season has resulted in addition of large 

quantities of Striga seeds into the soil. However there has been evidence that growing of resistant 

varieties especially the drought tolerant ones have the ability to grow below the plough pan 

where most of the Striga seeds are found. It was therefore important to explore new sources of 

res1stance from among the drought tolerant gennplasm. 

Development of successful host plant resistance (HPR) to Striga in maize has been limited, 

though it is the most economically feasible and environmentally friendly means of Striga control. 

Maize varieties tolerant to Striga infestation such as KSTP94 and Wll502 have been released in 

Kenya. However their levels of tolerance are not sufficiently acceptable especially under high 
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Sr· l{tl infc-tation intensities. The tolerance is overwhelmed to resulting in too many emerged 

Sr· ~a plants \\hich plays a major role in addition of Striga seeds to the seed bank. For example 

inc ur study the best performing landraces in the field yielded 55°/o and 48% more than KST94 

and WH502 respectively. This shows that the landraces tested were more superior to what is 

conmercially available in the market. Koyama (2000) reported existence of different Striga 

biotypes due to cross pollination. It is therefore important to identify and develop maiLC cultivars 

\\ith higher levels of resistance to Striga infestation as they have been shown to interfere with the 

normal reproduction of S. hermothica (Fakorede, B., personal communication) which curtails 

addition of more Striga seeds into the seed bank. 

Growing of maize cultivars with low Striga germination stimulants can be used as a method for 

control of Striga infestation in the field as Striga seeds will only germinate and attach when the 

gennination stimulant is available. Depletion of soil Striga seed bank remains one of the most 

important options for control of Striga. Stimulation of Striga seed in the absence of a host plant 

(also referred to as suicidal germination) and trap cropping is one of the ways of depletion of the 

seeds bank. The practice results in death of the Striga seedlings and finally depletion of the seed 

ban~ in the soil. In our study some maize land races such as SNLP104 (42.2%) elicited a higher 

percent of Striga seed germination but it was surprisingly among the best performing land races 

in the field experiment in terms of grain yield and Striga resistance traits under Striga infestation. 

Th1s particular land race could probably be having the suicidal germination mechanism and also 

being deep rooted due to the fact that it was drought tolerant. Growing maize cultivars with low 

levels of Striga germination stimulants production would significantly reduce the number of 

genninated or attached Striga seeds. Land races CRIC 51 and CUBA T-31 elicited vel) low 

levels of Striga germination percent below 5% compared to the control GR24 (58.8%). These 
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l:lnd race:> are recommended to be grown in Striga infested hot spots in the region. This is 

~.use the Land races would help in reducing the seed bank if gro\\ll for many seasons. Studies 

in orghum showed that low gennination stimulant varieties resulted in improved resistance to S. 

hef"'nonthlca (Ejeta. 2003). A wide variation within different maize genotypes on the abi lity to 

stinuJate . hermonthica seed germination was observed. Some land races such as OAXA 553 

and CHIS 39 eilibited a higher stimulating ability for the Strigu seed germination, 53 and 52% 

resoectively compared to the commercial check PHB3253 which recorded 49% Striga seed 

gennination. From the study, twenty (20) landraces elicited less than 10% Striga seed 

gennination. The evaluation of the land races, inbred lines and improved populations revealed 

presence of maize germplasm with superior levels of Striga germination stimulants compared to 

the commercial checks. These materials included land races CRIC51, CUBA-T31, BRAZ 1758, 

BR\Zl279 and VERA 217; they stimulated Striga germination ranging between 3.7 to 6%. 

These land races can be used further in breeding for Striga resistance in maize through pure line 

extraction, development of top crosses or be used directly as improved populations. The 

identified land races are therefore strongly recommended to serve as genetic source of variation 

for Striga resistance in maize breeding programmes in the region. 

Differences in the mode of resistance among the inbred lines were revealed. Among the lines 

\\ith lo\\. levels of Striga germination percent were CML202-IR, CML444, CML445-IR, 

C\fL395 and CML206//56/44-6-3-7-I. They stimulated Striga germination ranging between 

14.3 to 29.7%. Out of the five best inbred lines, 2 were imidazolinone resistant (lR) maize inbred 

lines developed by CIMMYT. These inbred lines were developed through continued screening 

against imazapyr herbicide. The herbicide resistant inbred lines are coated with low doses of the 

herbicide (30 grnslha) which is a systemic herbicide which kills the Striga seeds when they come 
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int contact (Kanarnpiu eta/., 1999). These inbred lines induced very low levels of Striga 

ger!lination 14.3 and 22.6% for CML202-IR and CML445-IR respectively even though they are 

known to be susceptible without the herbicide. Coupled with herbicide coating these inbred lines 

couJd therefore be utilized as good source of Striga resistance in the development of maize 

h~ btids resistant to S. hermonthica. 

Management of Striga menace should aim at restraining development, seed production and 

depletion of the Striga seed bank in the soil by integrating all available Striga control strategies. 

Growing resistant maize cultivars such as CHIS53 and TEL COMP.lSTR SYN-W-1 with high 

levels of resistance would curtail growth and development of the parasite. While the herbicide 

resistant inbred lines such as CML202-IR and CML445-IR when used in the development of 

new maize hybrids using resistant maize germplasm would reduce the Striga seed bank and also 

interfere with the reproduction of new seeds by the parasite. It is therefore important to embrace 

integrated Striga management strategies through incorporation of I IPR, herbicide resistance, 

hand weeding and also improving soil fertility. 

Inbred lines sourced from liT A reportedly known to be resistant to Striga (Abebe personal 

communication) TESTR 153, TESTR 136 and TESTR 150 elicited a higher level of Striga 

germination ranging between 50 and 57%. This suggested presence of a different mode of 

resistance other than the absence of Striga germination stimulant. The mode of resistance for 

these inbred line::; appears as a form of suicidal germination as was reported by Sun eta/ (2004) 

Whtle working in sorghum, whereby the host or non-host stimulates the Striga seeds to germinate 

but they do not attach to the host roots. This type of resistance is probably the most desirable in 
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maize breeding as continued planting of these materials would result in reduction of the Striga 

secl bank in long run. 

T e ung the gennplasm in the field revealed genetic variations under both Striga infested and 

Sr,. ~a free conditions. Three features, Striga damage rating (SDR), number of emerged Striga 

plants and grain yield under Striga infestation are important traits for defining the degree of 

reststance of genotypes to S.hermonthica. A significant genetic variation for the three Striga 

reststance traits was detected among the elite maize inbred lines and land race accessions. The 

land race JAMA 8 and an improved IITA population TEL COMP.lSTR SYN-W-1 were found 

to be resistant by using the above mentioned traits They consistently recorded low SDR scores, 

fe\\ emerged Striga plants and high yield compared to the commercial checks. Inbred lines n-

30-19 and OSU 231 //56.'/44-6-4-17-3 were also found to be resistant as they recorded low SDR 

scores. few emerged Striga plants and high yield. Menkir (2004) reported the importance of the 

three traits while selecting resistant maize cultivars from among elite gennplasm and western 

Africa land races. Using the three traits, a number of superior land races were identified as CHIS 

53. l AMA 8, SNLP 104, PAZM 14140 and CUBA-I-66. The four llTA populations TEL COMP. 

1 STR SYN-W-1, OBATAMPA/Z.DIPLO SYN-W-l.ZDIPLO SYN-W-1, OBATAMPA!fZL 

C0\1P.1 SYNW-l/TELCOMP.1 SYNW-1 andSTR-SYN-Wl wereconfirmedtoberesistant 

to S. hermonthica. These open pollinated varieties can be grown directly by farmers in the Striga 

prone areas in the region after undergoing formal release through the regulatory body. 

Exploiting host genetic variability to increase the level of resistance to the parasite can be a 

ma:or component of an integrated approach to minimize yield losses from S. hermonthica in 
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farmers· fields. A good number of promising maize inbred lines with consistently few emerged 

par.~.Sites. low SDR scores and high grain yield under Striga hermonthica infestation at Kibos 

and Alupe \vere identified. Inbred lines \\ith fe"-' emerged Striga plants and low SDR scores 

were identified as TESTR 150, TESTR 151 and 11-30-19. The first two had been sourced from 

llT A and the results of the laboratory experiment exhibited a higher level of Striga germination 

stimulant suggesting a suicidal germination mode of resistance. 

Studying combining ability of maize inbred lines is useful in testing procedures and comparing 

of inbred lines in hybrid combinations. Combining ability determines the future usefulness of the 

inbred lines in hybrid combinations (Hallauer and Miranda, 1981 ). The productivity of a line in 

crosses is the ability of the parents to combine amongst each other during hybridization in order 

for the favorable genes to be transmitted to their progenies. Information on combining ability of 

maize inbred lines with high Striga resistance levels would be useful in the development of new 

maize hybrids resistant to Striga hermonthica. 

Combining abi lity studies, revealed that there is a possibility of developing maize hybrids with 

high levels of resis tance to S. hermonthica adapted to Striga prone areas ofNyanza and Western 

parts of Kenya. Additive type of gene action was generally demonstrated as opposed to 

dominance type of gene action. The ratio of GCA: SCA for grain yield was 12.34 while the ratio 

for Striga resistance traits such as SDR and emerged Striga plants per square meter 12 W AP 

were 1.78 and 14.98 respectively. Inbred lines with good general combining ability (GCA) for 

grain yield and Striga resistance traits were identified from among the inbred lines studied. 

These inbred lines should be used further in breeding programmes as source of genetic variations 
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in e de\ elopment of Striga resistant maize hybrids. Single cross maize hybrids with high levels 

of Striga resistance were identified which are strongly recommended for utiJization by farmers in 

thcSrriga prone areas ofNyanza and Western Kenya. 

Pn.:diction of single cross and double cross maize hybrids has been utilized by breeders through 

use of best linear unbiased prediction model (BLUP) (Balestrc et a/20 J 1 ). I lowever it has not 

been utilized in breeding for Striga resistance. Many breeders have been evaluating hybrid 

materials directly without prior information on their levels of resistance to Striga infestation 

\\hich is cumbersome and unpractical in cases of many inbred lines. Therefore methods that can 

be used to predict single cross and double cross hybrids performance with some accuracy prior to 

field evaluation may be crucial to plant breeders. For the single cross hybrids the performance 

was predicted based on the GCA of the both parents added to the mean grain yield of the single 

cross. The grain yield of the single cross hybrids predicted from the sum of the two parental 

GC ·\' s and overall grain yield was strongly correlated with the observed hybrid performance 

under Striga infested and Striga free environments. These results were in agreement with 

Wecker eta/., (2005) for grain yield performance under acid soils. It was noted that prediction of 

F, hybrids JJ-30-3ffESTR 151, CML 444/ TESTR 156 and OSU2311/56/44-6-4-17-3/ TESTR 

156 exhibited consistent results under the two environments. 

Prediction specifically of double cross hybrid performance is essential to plant breeders when 

dealing with many inbred lines such as twenty (20) with an objective of developing double cross 

h} brids. For example 20 inbred lines, while using diallel mating design would result in 14,535 

double crosses without reciprocals (Allard. 1960). To test such a huge number of double cross 
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b~ nds in the field is actually difficulty and expensive for the breeder thereby necessitating the 

pn.:.i1ction of the double crosses from the performance of the single crosses. In our study 

prc:Jtction of double cross hybrids was made from the mean yield of the four non-parental single 

en. ses and the average performance of the single crosses was used to predict the performance of 

the double cross hybrids. Twenty double cross hybrids with yield of > 6 tlha were predicted. 

Female five (5) proved to be a good combiner as it produced 12 out of20 best predicted double 

cross hybrids. It is therefore strongly recommended that these predicted good hybrids should be 

tested more widely with the aim of releasing them for cultivation. 

In conclusion, this research has helped to identify drought tolerant land races with good levels of 

resiStance to S. hermonthica through determination of the levels of Striga germination stimulants 

pwduction. The research has further verified the resistance in the field where Striga emergence 

was found to be directly correlated to SDR, grain yield and Striga attachments on the maize 

roots. This information is important to the maize breeders in the sub-Saharan Africa in their 

breeding programs. New single cross maize hybrids with high yield (>6tlha) under Striga 

infestation environment were identified in the course of this research. These hybrids should be 

gro"'n in the Striga prone areas, and further testing, formal release through the government 

regulatory body should follow. Prediction of superior double cross hybrids was achieved from 

among the single cross hybrids tested. 

Constitution and evaluation of these hybrids would probably hasten development of double cross 

h) brids \\-itb high levels of resistance to Striga hermonthica. The screened drought tolerant land 

races. ne\.\. single cross and double cross hybrids with high levels of resistance to Striga aims at 
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cor tributmg to global food security and enhancement in the exploitation of worldwide genetic 

re... ·urces m an attempt to significantly contribute to science. 
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Appendices 

Appendix l. Climatic data for Kisumu during 2008 gro\\< ing period 

Rainfall Temperature fC) 

Month (mm) Maximum Minimum 

January 27.9 31.3 17.3 

February 0.0 31.3 17.7 

'vlarch 164.6 30.3 17.8 

April 152.2 29.0 17.4 

May 165.2 29.0 17.3 

June 106.7 28.1 16.7 

July 127.2 27.9 16.8 

August 90.8 28.8 16.7 

September 149.7 29.4 17.3 

October 206.2 29.2 17.9 

'\l'ovember 143.4 29.2 18.3 

December 37.7 31.1 17.6 

Total 1371.6 . . 

Mean 102.8 29.6 17.4 
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Apptodix 2. Climatic data for Kisumu during 2009 growing period 

Rainfall Temperature ~C) 

Month (mm) Maximum Minimum 

I January 114.2 31.6 17.2 

February 45.9 31.6 17.7 

\1arch 79.9 32.3 18.3 

April 273.7 29.3 18.4 

May 124.8 28.9 18.0 

June 27.6 30.0 16.4 

July 30.7 30.0 16.4 

\ugust 79.6 30.9 17.7 

September 148.1 30.7 17.7 

October 48.3 30.7 17.9 

!\ovember 123.8 30.1 18.3 

December 186.0 30.9 17.9 

Total 1282.6 . . 

Mean 111.0 30.6 17.7 
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. .\pptodix 3. Analysis of variance on grain yield for the 1andraces under anificial Striga 

infestation 

arce D of freedom TypeiDSS Mean Square F Value Pr> F 
-

RFP 34.77 34.77 42.97 <.0001 

E\TRY 383 559.87 1.47 1.81 <.0001 
Sll E*El\TRY 384 795.86 2.08 2.57 <.0001 

Appendix 4. Analysis of variance on Striga damage rating for the land races 

Source 

ru·p 
F\TRY 
I s1 rE*ENTRY 

De.,-ees of freedom Type ID SS Mean Square F Value Pr > F 

1 
383 
384 

0.94 
791.85 
856.00 

0.94 
2.07 
2.23 

0.55 
1.21 
1.31 

0.458 
0.0138 
0.0011 

Appendix S. Analysis of variance on Striga counts 8 weeks after planting for the land races 

Degrees of Type ill 
Source freedom ss Mean Square F Value Pr>F -

2704.74 2704.74 33.35 <.0001 

383 44325.46 116.04 1.43 <.0001 

SITE*ENTRY 384 59288.67 154.80 1.91 <.0001 

Appendix 6. Analysis of variance on Striga counts l 0 weeks after planting for the land races 

Source 

RJ p 

IE~TRY 

SII E*E!\TRY 

Degrees of 
freedom 

383 

384 

Type lll SS Mean Square F V slue Pr > F 

2080.48 2080.48 7.5 0.0063 

171560.53 449.11 1.62 <.000 I 

151060.31 394.41 1.42 <.000 1 
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Apptodix 7. Analysis of variance on Striga counts 12 weeks after planting for the land race:> 

Degrees of 
Source freedom Type III SS Mean Square F Value Pr>F 

REP 11722.55 11722.55 20.29 <.0001 

~ "RY 383 355748.35 931.28 1.61 <.0001 

I SI1PENTRY 384 259377.50 677.23 1.1 7 0.0344 

Appendix 8.Analysis of variance on grain yield for the landraces under Striga free environment 

Degrees of 
I Source freedom Type III SS Mean Square F Value Pr> F 

snE 1167.029 1167.029 943.64 <.0001 

t 1 0. 196045 0.196045 0.16 0.6906 

lRY 383 1091.255 2.84923 2.3 <.0001 

Appendix 9. Analysis of variance on grain yield for the inbred lines under artificial Striga 

infestation 

Degrees of 
Source freedom Type III SS Mean Square F Value Pr > F 

SllE 12. 13 12.13 14.6800 0.0002 

REP 1 0.09 0.09 0.1100 0.7397 

~fRY 36 45.68 1.27 1.5400 0.0514 -
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Appendix lO.Analysis of variance on Striga damage rating for the inbred lines under artificial 

Stri.~ infestation 

Degrees of 
Snurce freedom T mss MeanS uare F Value Pr>F 
SJ-:1: 1 46.55 46.55 22.41 

I RIP 

<.0001 
1 0.33 0.33 0.16 0.0505 

. 8\TRY 36 95.47 2.65 1.28 0.0016 

Appendix ll.Analysis of variance on Striga counts 8 weeks after planting for the inbred lines 

under artificial Striga infestation 

Degrees of 
Source freedom::::.,_ __ ..=.T"'-ya::..pe=-=ID=-=S..=.S __ ___:.;M-=..ea= n:....:S::...:q1.::u:..=a.::...;re=---...;F;;.__,;_;Value Pr > F 

SITE 

'

RIP 
El\lRY 

1 
36 

839.092973 

59.448919 
5708.305 

839.092973 7.45 0.0074 

59.448919 0.53 0.4691 
15 8.564028 __ ____;1:..;,.. 4.;..:1____;___:0:..:..:. 0:..::.5-=-1 :....J1 

Appendix 12.Analysis of variance on Striga counts 12 weeks after planting for the inbred lines 

under artificial Striga infestation 

Degrees of 
Source freedom Tvoe Ill SS Mean Square F Value Pr>F 

SITE 1 87.66 87.66 0.450 0.502 
RFP 1 829.12 829.12 4.300 0.041 
E~TRY 36 13309.67 369.71 1.920 0.005 
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Appendix 13.Analysis of variance on grain yield for the inbred lines under Striga free 

Degrees of 
freedom T III SS MeanS uare 1- Value Pr > F 

sn -: 79.5933059 79.5933059 47.04 <.ooot 

REP 0.0003134 0.0003134 0 0.9892 

I E!'. I...::..R:...=Y ___ -=3=6 ___ ~16:....;:;8,;_;,.7..::;,2.::;.;61:...;,7...;;_92::;__ __ 4.6868383 ___ 2= . ..:....77;___ __ <=.0.=...;00:...;,1__J 

Appendix 14.Analysis of variance on grain yield for the lines and testers under artificial Striga 

infe-.tation 

Degrees of 
Source freedom T russ Mean of s uares F Value Pr>F 

Rf P 2 0.82959 0.4147 1.65 0.1975 

Ll \,£ 13 21.9425 1.6846 6.69 <.0001 

TETER 5 7.5738 1.5147 6.02 <.0001 

Appendix lS.Analysis of variance on grain yield for the single cross hybrids under Striga free 

environment 

Degrees of Mean of 
Source freedom TypeillSS squares F Value Pr>F 

RIP 2 3.131984 1.565992 0.68 0.5053 

l E\TRY 83 1237.8992 14.914448 6.51 <.0001 

SIr 1:. 1 85.04605 85.04605 37.09 <.0001 

Appendix l6.Analysis of variance on reaction to E. turcicum for the single cross hybrids 

Source 
Degrees of 

freedom TypeiDSS Mean of squares F Value Pr>F 

RIP 2 0.7007944 0.35039718 2.74 0.0654 

E~TRY 83 33.930395 0.40879994 3.2 <.0001 

......:.Sil F. 10.402371 10.402371 81.49 <.0001 
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Sl(j. ••• ... •• . .. 
Ke): YLD= grain yield (t/ha), AD= days to 50% anthesis, SDR ~· Striga damage rating (Score 1-
9). STR8TR= Striga count 8 weeks after planting (W AP), Striga count 10 weeks after planting, 
Stnga count 12 weeks after planting 
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130.0 

152.5 

172.5 

145.0 

147.5 

137.5 

1250 

135 0 

152.5 

170.0 

1450 

1450 

142.5 

172.5 

132.5 

145 .0 

145.0 

112 .5 

137.5 

155 0 

165.0 

155.0 

155.0 

137.5 

142.5 

127 5 

142.5 

1675 

167 s 
1525 

87.5 

700 

110.0 

90.0 

700 

122.5 

700 

625 

97.5 

900 

62.5 

72.5 

90.0 

72.5 

65.0 

65.0 

55.0 

50.0 

80.0 

90.0 

65.0 

67.5 

67.5 

95.0 

600 

57 s 
70.0 

42.5 

600 

70.0 

85 0 

75.0 

75.0 

650 

62.5 

55.0 

72.5 

90.0 

85.0 

115 

156 

25 

2.0 

33 

30 

20 

3.5 

23 

2.0 

3.3 

25 

2.0 

2.3 

2 .5 

2 .0 

23 

20 

IS 

I 8 

2.3 

3.0 

2.3 

2.0 

23 

2.8 

18 

2.0 

2.3 

1.5 

2.5 

2.5 

2.5 

2.5 

2.3 

20 

23 

2.0 

2.3 

3.0 

28 

25 

4 .5 

50 

35 

so 
5.0 

40 

s.s 
ss 
4.0 

4 .5 

s.s 
4.5 

5.0 

5.0 

s.s 
6 .0 

65 

6 .5 

5.0 

4.5 

so 
6 .0 

s.s 
so 
70 

55 

s.s 
6 .5 

4 .5 

4 .0 

40 

5.5 

4.0 

5 .5 

5.5 

6 .0 

4 .5 

45 

so 
60 

10 

07 

01 

OJ 

09 

02 

1.0 

1.4 

05 

07 

12 

08 

0.0 

0.5 

08 

1.2 

0.7 

0 .7 

0 .7 

0 .4 

08 

14 

1.1 

12 

12 

07 

07 

10 

10 

0 .5 

07 

04 

09 

07 

08 

1. 1 

0.7 

0.5 

06 

09 

STRlO'TR 

14 

1.) 

1 0 

1.0 

1 4 

I 2 

1.5 

1 8 

1 2 

1 3 

I 7 

1.2 

07 

08 

12 

16 

1.1 

1.1 

14 

1.3 

1.3 

I 8 

16 

1.7 

1 6 

12 

I 4 

12 

L3 

1.2 

I 3 

1.4 

I 5 

16 

I 3 

16 

I 3 

09 

1.2 

14 

STRlrrR 

16 

16 

I 2 

16 

16 

14 

16 

1.9 

14 

1.7 

1.7 

1.3 

09 

I.J 

1 3 

I 8 

14 

12 

1.7 

1.5 

1 4 

1.9 

1.7 

1.9 

1.9 

I 4 

16 

1.3 

1 7 

14 

1.7 

1.7 

17 

16 

1.7 

1 9 

1.7 

1.2 

16 

16 

1.1 

08 

1.1 

1.1 

I 0 

1.1 

I 0 

1.0 

1.1 

II 

1.0 

1.0 

1.0 

09 

1.1 

09 

I 0 

1.2 

I 0 

I 0 

1.1 

09 

1.0 

I 0 

I 0 

11 

I 0 

1.0 

0.9 

12 

08 

I I 

l.l 

0 .9 

I 0 

1.1 

0.8 

27 

1.0 

08 



t:' lll\ \ I.D 

)61 

, 

40:! 

403 

404 

405 

~06 

407 

4 

409 

410 

411 

419 

!;I(, 

1.6 

II 

17 

2 I 

19 

II 

17 

17 

10 

10 

26 

24 

13 

41 

11 

H 

35 

43 

27 

3.7 

26 

33 

07 

H 

L9 

JS 

••• 

AD 

77 

74 

89 

79 

60 

12 

74 

63 

78 

81 

15 

73 

70 

69 

71 

69 

69 

69 

12 

70 

71 

66 

78 

63 

76 

7.3 

••• 

SD 

76 

74 

90 

n 
13 

77 

76 

71 

1S 

71 
a 

ASI 

2 

6 

12 

8 

4 

6 

2 

s 
2 
8 

T7 • 

7t 8 

71 2 

7S s 

71 2 

71 2 

74 2 

71 

T7 8 

• 3 

78 0 

70 2 

12 7 

7.4 41.6 

••• •• 

PD 

125 0 

152..S 

157.5 

132..S 

ISOO 

122 s 
137 5 

152S 

1600 

1450 

1400 

IS2.5 

112 5 

137.5 

152 5 

1600 

162 .5 

1600 

1375 

162.S 

12U 

l6S 0 

127.5 

665.0 

• 

55 0 

7.SO 

100 

52S 

67 5 

47.5 

70.0 

ns 
ISO 

57 s 
750 

72.5 

45.0 

55 0 

650 

750 

800 

n.s 
51.5 

125 

ss 0 

800 

600 

775 

PA 

I 5 

23 

23 

20 

I 8 

IS 

2.0 

23 

28 

I.S 

2.5 

2.5 

I.S 

2.0 

23 

28 

2.5 

2.8 

20 

28 

20 

23 

I 8 

28 

74.6 2.3 

JO.lJ 27.9 

••• • •• 

SDR 

60 

so 
45 

60 

so 
70 

ss 
45 

45 

70 

45 

s.s 
70 

60 

so 
40 

4.5 

ss 
55 

4.S 

70 

45 

6 .5 

40 

5.5 

35.6 

•• 

06 

II 

04 

07 

OS 

09 

06 

I 0 

OJ 

I 0 

07 

09 

07 

OS 

06 

0.7 

o.s 
1.0 

07 

0.8 

1.0 

08 

0.2 

O.S 

1.1 

19.88 

NS 

~TRIOTR 

L3 

14 

09 

12 

1.1 

1.3 

I 2 

14 

I 0 

1.3 

1.2 

14 

08 

01 

I 0 

I 2 

09 

1.5 

14 

I 2 

IS 

1.1 

03 

I 3 

1.8 

13.36 

• 

STRIZTR 

I..S 

1.7 

14 

14 

1.4 

I 4 

I.S 

IJ 

16 

1.5 

14 

16 

1.1 

I 0 

12 

14 

1.1 

1.7 

16 

u 
16 

14 

06 

16 

1.7 

19.88 

••• 

l.:q VIIP. Grau~ yteld 1/ba, AD • <!Jys to 50%anthests. SD- dJys to~~ s•lkmg. ASI • antheMSSilktng tntcrval, PII Plant bctghr (em), HI 

car b: 1 fcmt PA= Plant a:.pect (score 1-5). SDRz Smga dama&c rat10g (score 1-9), S I RlfR• Stnga count 8 WAP, S rRIOTR..Smga count 

10\\ STRI2TR=Smga count 12 WAP and EPP= ears per plant 
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I 0 

II 

13 

II 

I 0 

08 

09 

I 0 

I 0 

II 

1.0 

I 0 

09 

I 0 

II 

1.2 

I 0 

II 

1.1 

1.1 

II 

1.1 

0.9 

I 0 

1.1 

24.1 

NS 



~ 37. CambiDcd analuJS of !be land f'IIXS performance under antflcw Slrlgp _J_nfestalk"lllll K•hos llld Alupe 

[.'\"Jll\' \LD AD SDR ~TRITR STRIOTR !-ITRIZTR 

1.1 sss 65 1.3 16 16 

2 I 0 67 3 4,8 oa I 2 IS 

3 2.0 58 3 ss 09 1.1 14 

4 20 75 0 4S oa I.S I 7 

s 0.9 15 0 53 II 16 I 7 

6 1.6 71.5 4S I 2 16 II 

7 I 0 80.8 so 1.3 1.7 I 8 

8 13 760 48 06 1.1 I 3 

9 I 0 73 0 48 09 14 16 

10 0.5 87.3 ss II 14 14 

II 1.5 19 8 4J 06 II 14 

12 0 .7 88 3 4 .5 oa ll 14 

13 0.9 73 3 6.0 14 16 I 7 

14 I 0 81 .5 S.3 09 1.3 16 

IS II 748 4S 08 14 IS 

16 0 .8 71.3 58 1 0 14 IS 

17 1.6 741 38 oa 14 14 

Ia 14 67.3 48 I 0 I 4 lj 

19 1.4 668 58 08 14 IS 

20 I 7 83 s ss 09 1.3 16 

21 II 73.3 so 1.1 16 I 7 

22 18 70.3 4 .3 08 14 16 

23 1.6 81 a 38 08 I 3 IS 

24 0 .9 68.S sa 08 14 16 

25 0 .9 ns 60 I 3 16 1.7 

26 13 no S.3 09 I~ 1.7 

27 IJ 71 0 S.S 07 1.5 1.7 

28 0.8 84.S 60 I 0 14 IS 

29 0 .7 73 8 6.3 II I.S 1 a 

30 07 ao a S.3 II 16 1.7 

31 I 8 57.3 SJ 08 12 I 3 

32 07 61.8 6.5 07 II 13 

33 08 603 5.8 OS 08 12 

34 l.S S3 0 6.0 09 II 14 

JS 2.5 58 s 4.3 08 I. I IS 

36 06 74 3 SJ 04 09 12 

37 I 1 760 48 OS 09 14 

38 0.2 860 65 08 II 14 

39 33 70S 4 .0 OS 1.1 I 3 

40 1.5 1S 0 4.8 I 0 16 17 

41 OS 93 s 5.8 1.1 LS I 7 

42 0 8 1S.S 40 OS I 0 I 3 

43 0 .9 608 ss OS 09 I 0 

44 0.3 61.3 60 03 06 01 

-45 l.S 663 4.5 04 I 0 I 3 

46 o.s 71.3 ss 09 IS IS 

47 17 60S so 1 2 1.5 IS 
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~ 31 a.U..a Combmed anal)'ll5 of the land ra.:es performan<:e under anaficaal StrtgtJ 

a 11l.:a~ and Alupc: 

£''T1l\' \lJ) AD SDR S'TRJ'TR STRIOTR ,!,TR12TR 

.. , 09 6.53 SJ I I I.S 17 

<49 I 0 64.0 6J 1.3 I 6 I 6 

so 1.1 70.0 ss 1.1 IS I 7 

51 OS 73 3 41 OS 08 1.1 

52 OS 750 4.5 07 12 I.S 

53 lJ 10.5 53 I 2 16 I I 

54 2.1 70S 53 1.0 12 I 4 

ss 1.8 76.3 40 0 .9 1.4 1.6 

56 1.3 74 0 so 0 .9 I 2 I <4 

57 1.4 75.3 43 06 09 II 

58 1.7 70.8 31 07 I 0 I 3 

59 0.4 77.8 so 06 1.0 12 

60 2.2 82.3 48 0.1 1.2 I 4 

61 07 72.8 63 I 0 I 3 1.4 

62 04 73.5 60 00 04 01 

63 0.3 74 5 33 0 I 06 05 

64 0 .9 69.8 53 I 0 1.1 1.3 

65 0 I 69.8 s.s 03 08 1.0 

66 04 72.5 60 01 12 I 4 

67 1.0 71.5 48 06 12 I 4 

68 0 .6 73 8 65 01 1.3 IS 

69 07 74.0 ss 12 lJ 1.7 

70 1.3 69.0 43 1.1 I.S 1.6 

71 0 .7 71.5 ss 1.3 IS 1.7 

72 1.3 80.5 43 01 14 1.6 

73 OS 838 63 1.0 IS 1.6 

74 09 82.0 63 09 1.4 1.6 

15 l.S 68.3 53 1.3 16 1.7 

76 1.3 n.J 45 09 l.S 16 

77 OS 13.3 58 01 1.4 16 

78 12 83.0 4 .5 08 1.3 1.7 

79 12 69 8 4.3 1.1 1.S 16 

80 l 2 77 5 53 1.1 I.S 16 

81 I 0 72.5 4.3 1.1 l.S 16 

82 OJ 70.3 so 10 1.<4 1.6 

83 12 730 53 1.1 I 3 16 

84 08 76.0 so I 2 1.S I 7 

85 l.9 67.8 4.5 1.1 1.4 16 

86 1.0 74 0 40 03 0.8 I 0 

87 02 78 0 60 I 0 I 3 I 5 

88 OS 740 so 01 1.1 I 4 

89 I I 78.3 53 09 1.4 16 

90 1.1 94.0 4 3 03 0 .7 09 

91 14 78.5 40 09 1.4 I 6 

92 14 72& 53 II 14 u 
93 07 760 53 1.1 1.7 I 8 

94 12 713 4 3 07 1.3 IS 
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\ppmAI39 ('DIIliaafd. Combu~ed anal)'SIS of the land I'IICCS pcrform&IICe under arurJCial !i'tTiga 
..rcs:xx-11K ibos and AI up: 

L'lillY \I.D AD SDR STRITR SJ'RIOTR STIU2TR 

95 0 4 990 sa 09 1.3 14 

96 II 730 so 01 12 I 6 

rn 19 76.5 40 10 14 16 

9& 20 II I 3.5 0.4 09 I 2 

99 0.7 71.5 so 1.2 16 II 

100 07 130 so OJ 06 0 .9 

101 10 86 I 4.3 0.1 IS II 

102 I 0 880 ss 1.1 16 17 

103 19 84 0 60 0 .9 14 I.S 

104 IJ 83 s S.O 1.1 14 1.7 

lOS II 790 so 1.1 I 4 16 

106 1.0 74 3 48 07 1.3 16 

107 0.9 720 48 1.0 1.4 16 

101! 18 6S 8 SJ 0 .7 1.3 1.5 

109 I 0 703 5.8 1.1 I.S 16 

110 06 70 8 60 09 11 IS 

Ill 12 73 3 s.s 1.1 1.4 I 6 

112 0 9 7SO 4 .5 08 1.4 IS 

113 10 71.3 so 1.1 1.5 I 7 

114 l.S 73 0 38 01 1.2 16 

115 OS 1S.S ss 04 09 12 

116 07 1S s S.3 01 IJ 14 

117 14 12.S Sl 08 IJ 16 

118 16 718 38 OS 07 I 0 

119 17 12.S 4.S 07 12 IS 

120 II 76 3 so 1.1 16 I I 

121 0 8 7S8 S.3 08 14 I 7 

122 1.0 710 so I 0 14 16 

123 20 az.s 35 1.0 I.S I 5 

124 lS 73 8 so 08 12 I.S 

125 24 713 33 0 .7 1.1 14 

126 07 78 s 63 1.1 IS 1.7 

121 0.9 77 8 4 .5 10 16 I 8 

128 II 69S 4.3 1.1 u 1 6 

129 1.0 765 SJ 0.9 14 1.6 

130 02 13 0 so 1.0 14 16 

131 1.0 II 3 53 1.1 14 II 

132 0.2 76& 41 OS 0.9 1.1 

133 16 778 53 07 0.9 I 0 

134 1.5 71 I 41 I 0 1.5 1.7 

135 0.9 730 so 09 1.3 16 

136 I 0 770 35 I 0 1.4 16 

137 1.0 69 3 4.5 I 2 16 I 7 

138 0.4 71.S s.s 09 12 1.5 

139 I 0 713 so 01 12 16 

140 1.4 76.3 so 09 IJ 1.5 

141 1.1 73 3 41 II 1.5 I 6 
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.Afptedb 441 C1llldntd. Combmcd -1)-sas of the land rJCn paformano:c under antfJCial Str1ga 
illfemuon 11 f:tbos &lid Alupc 

• ,,"R\' n.n AD SDR STRITR STRJOTR STRllTR 
1-42 1 3 713 48 09 16 1.7 
IH OJ 150 63 04 08 1.1 
144 02 720 .so O.l 0.8 12 
14S 20 74ll 43 01 1.1 I 3 
146 12 74 J .so 01 1.2 14 
147 08 691 53 10 1.4 1.5 
148 14 12.5 43 I 0 1.2 IS 
149 14 728 48 I 0 1.4 16 
ISO I 0 72.3 411 09 1.4 16 
lSI 1.3 73 s 48 08 1.1 14 
152 16 73.5 48 09 1.4 16 
I.S3 1.3 681 .so 08 1.1 I 3 
154 o . .s 71.3 S.8 1.1 l.S 16 
ISS 09 71.1 so 08 1.4 IS 
156 0.6 71.3 SJ I 0 1.5 I 7 
I.S7 I..S 72.8 40 08 14 I.S 
ISS 07 64.S 6S 14 16 18 
159 10 74.S s.s 12 1.6 1.7 
160 16 1S.O 3 8 II 1.6 I 8 
161 17 740 4 .3 I 0 13 14 
162 1.9 82.5 4 .5 08 09 1.3 
163 0.6 90.3 38 06 0 .9 I 4 
164 0.7 89.8 so 06 13 IS 
165 12 82.3 .S.J II 16 1.8 
166 07 78 s so 07 1.2 1.4 
167 II IIS.S 48 II 1.5 1.7 
168 u 760 38 08 I.S 1.6 
169 07 90.3 5 .3 10 IS I 8 
170 II 78.3 4 .3 II 1.4 1.6 
171 2.2 75.3 3 .3 06 1.1 1.4 
172 0.3 87.0 S.3 OS 1.0 1.2 
173 08 800 ss I 2 1.7 1.8 
174 14 82.3 so 10 1.4 16 
175 06 80.S .S .3 08 1.2 16 
176 16 79.S 3 .8 I 0 1.6 1.8 
177 I.S 79 8 4 .8 II I 4 1,7 
178 10 19..5 3 .5 II 1.6 17 
179 0 .9 87 8 ss 08 1.4 I S 
180 1.3 790 S.S 12 I . .S 16 
181 20 7S8 43 1.0 1.3 I.S 
182 0.3 838 6 .0 1.0 I 3 IS 
183 0 .6 90.5 48 1.1 IS I 8 
184 OS 845 6 .0 I 0 14 16 
18S 0 .4 78.0 S.S 1.1 1.4 I 7 
186 08 87.0 S.S 0.6 I I I 3 
187 2 I 75.8 4 .3 0.9 12 1.4 
188 0 .8 885 4.5 0.9 1.4 16 
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ppNdb ~ 1 cee&iMed. Combillcd ual)'IH of 1M land riCa perf~ undcf an1flcial Surga 
infntaUoa at KiboJ llld Alupe 

t.\,-KV VI J> AD SDR STRJTR "TRinll STRIZTR 
119 II 72.3 50 I 2 I..S 1.7 
190 1.0 1)0 53 12 I 5 16 
191 07 aoo ~J I 0 I 5 16 
192 09 12_5 4a II 16 1,7 
193 21 733 31 08 1.4 II 
194 1.3 771 43 u 1.5 1 a 
195 16 14 3 43 09 1.4 1.7 
196 12 190 4a 07 1.1 1.4 
197 07 715 so II 1.7 I I 
198 09 720 .5.5 I 0 1.4 1..5 
199 II 70.5 43 10 IS 1.7 
200 I 0 ass 5S 1.4 1.9 1.9 
201 2.1 67 8 4S 09 I.S 1.7 
202 26 690 40 06 12 I.S 
203 1.7 71.1 53 09 1.4 1.7 
204 2.4 70.3 so 1.1 I.S 1.7 
205 14 19S 4.8 04 08 1.1 
206 1.1 67.3 s 3 0.6 1.1 1.3 
207 1.3 1S.8 4.8 09 1.1 I 4 
208 16 74 0 4.8 07 1.1 13 
209 1.7 68 3 so 1.1 l.S IS 
210 0.7 80.0 sa 1.1 1.7 I 7 
111 1.0 lOS 41 0.9 L5 16 
212 06 aLO ss 1.1 1.6 16 
213 22 30 8 4.5 I 0 1.4 17 
214 1.1 72.3 S.S 1.3 1.8 18 
21S 1.2 695 4 . .5 1.0 1.4 16 
216 0.7 71 8 S.l 12 1 .5 I 7 
217 09 74.5 so 1.1 IS 16 
218 14 703 4.8 1.0 1.4 1.8 
219 17 67 8 S.3 0.9 1.1 1.3 
220 II 71..5 31 06 1.1 14 
221 I 0 700 so 12 1..5 16 
222 OJ 118 60 1.1 1.3 1..5 
223 14 1S 8 3S 09 14 1.6 
224 16 740 40 II 1.7 1.7 
22.5 07 770 58 I 0 L5 1.7 
226 II 1S.O 50 08 1.3 1.5 
227 JJ 603 58 09 1.3 1.3 
228 L3 70.0 5.3 09 1.4 1.5 
229 12 SBO 6.3 08 1.2 1.3 
230 09 61 .0 65 II 1.5 16 
231 13 S85 S.8 09 1.2 1.4 
232 I I 58 8 58 1.2 15 I.S 
233 II su 65 I 2 I.S 16 
234 I 3 84 0 4.3 0.9 1.3 I.S 
235 14 86 5 45 08 I 4 17 
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,\ppNd.b -4! c:oed!IIICCL Combillcd ualystS ofdx laDd rKCS peri"OI'I'II&IIce under arufiCial .'itriKa 
mfesutJon 111 ~1bos and Alupc 

t'TR\'' YIJ> AD SDR ~TRITR STRlOTR STR12TR 
236 II 61.5 so 09 1.3 16 
237 1.2 70J -43 10 14 16 
231 09 740 63 II I.S 1.7 
239 II 710 65 u 16 I 8 
240 I 7 670 4S 09 14 IS 
241 01 711 S3 09 1.3 1.5 
242 l-4 700 4.3 09 1.3 I.S 
243 1.5 75 5 JS 09 1.5 1.7 
244 01 12$ so I 0 1.4 1.7 
24S 07 91.3 55 09 1.4 16 
246 1.1 700 5.5 I 0 I.S 1.7 
247 04 17.S S.J I 2 16 1.1 
248 J.3 83 s 4 .S 07 1.4 16 
249 I I 611 48 I 0 1.3 16 
250 II 71 .S 48 07 12 14 
251 1.3 77.3 5 .0 1.1 1.5 1.7 
2S2 1.1 663 60 12 16 1.7 
2S3 1.9 73.3 so 1.4 16 1.7 
254 06 723 63 06 1.0 1.3 
2SS IS 65.5 so o.s 08 1.0 
256 02 820 5 .5 00 0.0 03 
257 12 78 3 5 .5 o.s 08 I 0 
2S8 16 14.S 4.5 08 1.3 16 
2S9 0.9 59.3 6.3 09 1.2 1.3 
260 0.9 808 so 07 1.3 I.S 
261 o.s 788 48 09 1.3 1.5 
262 OS 73 3 48 06 0.9 1.1 
263 u 19 s s.o 06 1.0 14 
264 1.3 n.s 38 0.9 I.S 1.7 
26S 1.2 740 5 .0 1.0 14 16 
266 14 773 so 10 1.5 1.7 
267 0.8 16S ss 14 IS 1.7 
268 I 0 74 8 S.3 10 1.4 IS 
269 I 0 838 45 08 12 IS 
270 II 71 8 60 12 16 17 
271 2.0 67 8 s.s 1.1 I.S 16 
272 22 77.0 S.O I 0 1.5 16 
273 14 73 3 so I 0 I.S I 7 
274 II 56 s 6.3 I 0 1.3 14 
275 0.7 720 5.0 I 0 14 16 
276 1.3 698 5.3 01 I I 14 
2n 1.1 71.8 48 1.1 1.3 17 
278 I 0 80 3 4.5 09 1.2 14 
279 0 8 788 45 09 12 14 
280 10 690 4 8 0.7 1.0 IJ 
281 IS 60.5 so 09 1.3 14 
282 II 53.3 60 0.6 0.8 1.0 
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Appc.ciU 43 t'DIIIiatled. Coml)lncd -I) "'ts or the lud riCa pcrl'onnancc andcr antfl(lal St,~a 
mfesUIIoa 11 Ktbos and Ahapc 

t_,TR\' \'I J) AD SDR !ITRITR ~TIUOTR STRIZTR 
213 20 611 40 09 14 I 6 
2M 07 650 60 09 I 2 I.J 
235 u 70 3 5.5 I 0 I 6 1.7 
286 20 680 31 09 12 I 4 
217 09 65 s 60 I 3 I 6 17 
211 1.7 800 u 09 I 2 I 4 
219 12 .SIS so II 1.3 1.3 
290 0 .9 65.5 ss II 1..5 1.7 
291 II 70 3 .53 II 1.4 1.7 
292 2 I 74.5 4.3 08 1. 1 14 
293 19 70s .5 .3 12 16 I 7 
294 2 . .5 71 .5 4.5 09 I 3 16 
29.5 1.2 73.3 .5.5 09 IS 1.7 
296 12 60.3 61 1.1 1.4 1..5 
291 II 68 8 60 I 0 1.3 I 4 
298 22 67 8 4.5 06 0.9 I 2 
299 1.4 58 8 .5.8 10 I.J 13 
300 0 .9 .58 s .5 . .5 10 14 14 
301 0 .8 73 s .58 1.1 IS 16 
302 0 .4 71 8 60 I 3 1.5 17 
303 1.8 68 s .5.5 12 16 I 7 
304 2.4 720 4 . .5 1.1 1..5 1.7 
305 2 .3 66 0 4 . .5 08 1.3 IS 
306 06 723 4 .8 0 .7 12 1.3 
307 2.7 70.5 40 06 12 1.4 
308 1.9 728 .5 . .5 1.1 l 7 18 
309 1.3 690 48 10 1.3 1.5 
310 I 0 61.3 6..5 I 0 1.5 1.7 
311 26 670 45 011 13 IS 
312 1.9 733 43 0.7 1.3 IS 
313 I 0 74 3 so 09 1.3 IS 
314 lA 730 4 .8 12 I 7 1.8 
31.5 0 .7 720 .53 07 12 1.4 
316 14 72.0 55 08 1.3 16 
317 1.3 67.3 .5 .0 0.9 1.4 16 
318 011 71.3 60 10 13 1.6 
319 09 75.8 .5 . .5 1.1 1..5 1.7 
320 1..5 69.5 4 .3 12 1.6 1.7 
321 14 67 . .5 53 II 1.4 1.7 
322 26 70 3 45 08 1.4 1.5 
323 I 9 720 48 0 .8 1.3 16 
324 14 72.3 4.5 I 0 1..5 1.7 
32.5 2 .4 730 4 .0 08 1..5 16 
326 2 .7 700 48 12 16 I 7 
321 12 730 48 IJ 1.7 18 
328 I 9 728 38 08 1.5 16 
329 2.5 730 3.8 07 1.3 1.7 
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A~~~~tlldb ~ ~ Combillcd malystS oflhc lalld I'ICCS pcrl"onnaO« under artificial SIT/go 
ltlf'atalloa 11 K llldAiupc 

f_'IR\' \ IJ) AD SDR STRn"R !illtlOTR STR12TR 
330 2.5 720 ... I J IS 16 
331 13 56.3 50 I 0 I 3 I.S 
332 2 I 590 ss 06 I 0 12 
333 19 600 ... 07 II 13 
334 20 511.5 4:S I 0 I 3 14 
JJ.S I 2 74 3 5.3 1.2 16 I 8 
336 1.1 .S7J 53 I 0 I 2 14 
337 1.5 6011 .SJ 011 I 2 14 
331 09 103 50 1.1 16 1.7 
339 22 15 3 3.S 07 I 4 16 
340 17 733 53 1.1 I 5 16 
341 06 11.5 :S.S 14 I 7 I 8 
342 I..S 69.5 .so 1.1 16 1.7 
343 10 110 50 12 I 6 18 
344 16 15.5 50 12 16 18 
345 17 70 3 4 . .S 08 1.3 1.6 
346 1.7 71.5 50 1.0 16 18 
347 06 74.3 63 1.1 1.5 1.5 
3411 I 8 74 8 40 I 2 14 1.6 
349 23 74 8 43 09 1.5 1.7 
350 13 74 0 40 1.1 15 1.8 
351 19 728 41 0.7 1.5 1.7 
352 13 720 4.3 1.1 16 1.7 
353 I.S 125 5.3 09 16 16 
3.54 I 8 71 8 4 .5 1.1 1.5 1.8 
355 2.1 69 8 5.0 12 1.5 18 
356 I 3 77.8 35 08 14 16 
357 30 740 40 OS I 2 14 
358 2.1 73 0 40 1.0 1.4 1.7 
359 14 708 50 1.1 16 I 8 
360 I 0 74 0 5.5 I 0 1.5 1.6 
361 1.7 728 4.5 I 3 16 1.7 
362 09 813 43 08 1.3 16 
363 14 74 8 55 0.9 I 3 1.5 
364 I S 518 53 09 I 4 16 
365 08 69 8 60 I 3 15 1.6 
366 I 0 738 65 10 1.5 1.6 
367 09 66.5 4.3 09 1.3 lJ 
368 0.6 80 8 48 08 14 17 
369 09 720 5.3 II 1.5 I 6 
370 14 728 4.5 09 13 J s 
401 I 3 698 4.5 09 1.3 IS 
402 I 7 67.3 5.3 08 10 12 
403 22 688 5.5 08 1.1 1.3 
404 IJ 68.5 4.5 0.8 I 3 1.4 
405 4.3 68.3 3.5 08 I 2 1.3 
406 26 668 3.5 0.7 Ll 12 
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•~'TR\' \IJ) AU SUR !iTR8TR ~TRIOTR STRl2TR 
<407 32 67.S 4.5 Ol IJ l.s 
-401 23 691 40 09 I 4 1 6 
409 2.S 67 3 31 II I 4 l.s 
410 20 611 ss 1.1 I.S 16 
411 20 641 10 09 1.3 I.S 
419 07 72S 49 0 I 02 03 
420 2-5 661 53 09 14 16 

<\ffA"'' I.J 73.5 5 .0 0.9 l.J 1.5 
cv J'-96 5.1 26.3 31.73 33.24 31.57 
LSD 5.21 1.25 1.12 0.52 0.45 O.J7 
SIC. ... ••• •• . .. • •• • •• 

ll.ey: YLD • gr&lll yteld (1/ha), AI>- dyas to S~e anlhesD. SDR• Smga damage raung (Score 1-9), STR8TR Smgacounls 8 WAP. 
~iTRIOTR•Stngacouob 10 WAP,STRI2rR SlriK<JCOUDb 12 WAP, 
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