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Abstract  
This study assess the mechanisms of host plant resistance in tropical maize 

inbred lines to maize stem borers (Chilo partellus). Maize is an important 

stable crop in the tropics, but productivity has not matched the population 

growth rate (Mati, 2000). The decreasing maize production, repeated and 

widespread hunger since the nineteen eighties has been attributed to several 

biotic and abiotic interactions (McCann, 2006). We discuss the two difference 

kinds of plant defence or plant resistance mechanism (intrinsic and extrinsic 

defence), relatively ascertain  that maize has Hydroxamin acid: 2,4-dihyroxy-

7-methoxy-(2H)-1,4-benzoxazin-3-(4H)-one (DIMBOA) in its body 

constituency and it is the major qualitative factor of resistant in maize to 

several maize insects. The research concludes the reference to several 

damage parameters taking, such as leaf damage score number of borer exit 

holes and cumulative stem tunneling Munyiri et al. (2013) strongly suggested 

that out of the several mechanisms of resistance in tropical inbred lines of 

any of the trait could be used to elevate genotype for resistance to stem borer. 
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Introduction 
In any ecological habitat, there are at 

least three trophic levels: Plants 

(Producers), herbivores and 

Carnivores. Between each 

consecutive trophic level are tension-

members of the higher trophic level 

evolved to increase consumption. A 

result we see effective defense and 

attack at each level of interaction. The 

interaction could also be that of 

mutualistic manner, where natural 

enemies of herbivores benefit the 

herbivore’s enemies by making 

herbivore more vulnerable to the 

trophic level above (Boethel and 

Eikenbary, 1986).   

Maize is an important stable crop in 

the tropics, though there have been 

gradual increase in maize production 

over the years since the 1970s, but 

productivity has not matched the 

population growth rate (Mati, 2000). 

The decreasing maize production, 

repeated and widespread hunger since 

the nineteen eighties has been 

attributed to several biotic and abiotic 

interactions (McCann, 2006). 

Therefore, sustained solutions are 

needed to address the food shortage 

problem. In Kenya, maize stem borer 

accounts for 13.5% annual losses, but 

damage depends on the maize variety 

and the stage of attack (De Groote, 

2002). Chilo partellus Swinhoe 

(Lepidoptera: Crambidae) a highly 

invasive stem borer, has become the 

most important maize stem borer in 

Kenya since its introduction in the 

1930s (Mbapila et al. 2002). 

Several attempts have been made to 

control stem borers including C. 

partellus but with the nature of stem 

borer larvae development within the 

host plant, however, hinders effective 

control using the standard control 

measures. Pesticides are mostly not 

accessible to farmers due to high cost 

also there are resistance build up 

among the borers to pesticides. Host 

resistance is important because it is 

packaged in the seed so it is a no cost 

control method, causes no hazard to 

the environment, its control action is 

selective, constant and cumulative 

against the target organism. Also it is 

generally compatible with other 

methods of control. 

In every plant species exists a great 

deal of diversity with respect to the 

extent of damage done by an insect. 

Individual plants which show lesser 

damage are called resistant and those 

showing more damage are called 

susceptible, thus, these terms are 

relative. Host plant resistance is the 

result of interactions between two 
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biological entities, the plant and the insect under the influence of various 

environmental factors. 

Developing maize with durable resistance to maize stem borers could be 

enhance by identifying genotypes with different mechanisms of resistances so 

as to increase resistance levels and diversify the bases of resistance to the borer 

(Kvedaras and Keeping, 2009). The presence of more than one mechanism of 

resistance with different effects on grain yield would improve the pattern of 

plant response, and ensure durability of the resistance. 

 

Justification of the Study 

Research has been on going by both private and government sectors for many 

decades, yet the country is still recording a 30% (Olayemi, Adegbola, 

Bamishaye & Daura, 2010) loss in 

 

MECHANISMS OF RESISTANCE 

There are two kinds of plant defence or plant resistance mechanism: The 

intrinsic and extrinsic defence (Boethel and Eikenbary, 1986). In general, 

there are three categories of intrinsic defense: antibiosis, non-preference 

(antixenosis) and tolerance. Often the antibiosis and antixenosis overlap, 

because distinction between them is difficult. Antixenosis alter arthropod 

feeding or oviposition behavior and make them select an alternate host. Some 

morphological plant factors such as trichomes density, epidermal toughness, 

waxy layer, compensate ability or chemical compounds such as allelochemicals 

or toxic compounds can play a part in antixenosis (Smith, 2005). Antibiosis 

refers to the adverse effect of the host plant on the biology (survival, 

development or reproduction) of the insects and their progeny infesting it. All 

these adverse physiological effects of permanent or temporary nature following 

ingestion of a plant by an insect are attributed to antibiosis. Tolerance on the 

other hand, refers to the ability of the host plant to withstand an insect 

population sufficient to damage severely the susceptible plants. This is 

generally attributed to plant vigour, regrowth of damage tissues, and resistance 

to lodging, ability to produce additional branches, utilization of non-vital parts 

by insects and compensation by growth of neighbouring plants. 

In the extrinsic defense of plants, the plant benefits from the natural or applied 

enemies of herbivores. 
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INBRED LINES 

Screening techniques 

The most crucial and perhaps the most difficult task in breeding for insect 

resistance is the identification of insect resistant lines during the segregation 

generations. This requires an equal level of initial infestation of all the plants in 

the population to ensure that the plants scored as resistant are not escapes. It is 

often a tedious and time consuming task to ensure initial infestation of all the 

plants, and in large populations it may not be feasible. Successful insect 

resistant crop may be done using field or greenhouse screening. 

 

Maize inbred lines 

Maize inbred lines are an important resource for studies in genetic and breeding. 

Superior maize hybrids are produced by cross-pollinating two unrelated male 

and female inbred lines. Tropical inbred lines. Tropical-inbred lines have been 

shown to have the greatest diversity for genetic structure capturing over 80% of 

the allelic diversity in landrace accessions, and are thus expected to hold a wide 

variety of resistance mechanisms (Liu et al., 2003). Broadening the genetic pool 

for maize breeding through identification of mechanisms of resistance in 

tropical inbred lines will form an important source of diversity for breeding 

against the stem borer damage in sub-Saharan Africa. 

 

RESISTANT FACTOR IN MAIZE 

Hydroxamin acid 

Maize has Hydroxamin acid: 2,4-dihyroxy-7-methoxy-(2H)-1,4-benzoxazin-3-

(4H)-one (DIMBOA) in its body constituency and it is the major qualitative 

factor of resistant in maize to several maize insects. This however, has been 

reported to decrease as the plant matures. DIMBOA is not always necessary in 

higher levels in some resistant maize germplasm than in susceptible ones. This 

suggests that other factors contribute to resistance in maize beyond DIMBOA 

(Santiago et al. 2003). Resistance may therefore, involve different mechanisms 

that interact to determine the level of resistance for each germplasm. 

 

Trichome Density: 

Trichome density is an important physical resistance against maize stem borers. 

In canonical discriminant analysis performed by Munyiri et al. 2013) showed 
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that among the evaluated, trichome density was the best in discriminating the 

inbred lines. Kumar and Saxena (1992) and Dalin et al. (2008) similarly 

reported that plant damage factors by herbivore insects generally decreased with 

increasing trichome density. The work of Kumar et al. (2007) also showed that 

ovipositional non-preference by stem borer on maize genotypes was due to the 

presence of trichomes. Handley et al. (2005) reported that some types of 

trichomes contained secondary compounds which were some notable 

exceptions where some inbred lines with high trichome densities were resistant. 

These suggest that several other mechanisms were germplasm-dependent. 

While trichome density discriminated the inbred line has other different 

mechanisms of defence, or a combination of several mechanisms that were 

physiologically active. Novoa and Russel (1988) reported that resistance was 

mostly a result of the interaction of several structural and non-structural factors. 

Trichomes could be glandular or non-glandular and may contain several types 

of secondary compound such as methylketones that improve resistance to pest 

and diseases in plants (Eyal et al. 2008) are usually varies within species and 

these are quantitatively inherited by the plant. 

 

Stem Sugar Content 

It was generally believed that genotype with low to moderate stem sugar content 

fell into the resistant to moderately resistant categories. While this was a 

possible indication that the sugar content played a key role in conferring 

resistance, several variations were moderately susceptible, and a few high stem 

sugar content were either resistant or moderately resistant. There was no clear 

cut trend for all germplasm, which suggest that resistant and susceptibility was 

germplasm-specific. It may be deduced that since there are different types of 

sugars, some specific types of sugars could have acted as anti-feedants while 

others might have promoted feeding. Notwithstanding, there are some reports 

that agreed to a general consensus that susceptible maize varies contained 

significantly higher percentages of stem sugars than in resistant varieties. 

 

Stem Penetrometer Resistance 

Penetrometer is an instrument used to measure the hardness of plant stem. The 

susceptibility of most plant increases with decreasing penetrometer resistance. 
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As larvae bores into stem for more food and later goes on pupation, more 

damage always occurs in softer stems than on hard stems causing increased 

stem pith tunneling. The maize stem borer damages the stem through feeding 

on the pith and the vascular tissues placing the plant under physiological stress. 

Padhi and Sen (2002) reported that non-preference in wild rice was attributed 

to very hard tough stems. Santiago et al. (2003) reported the importance of stem 

penetrometer resistance as the prevention of larvae feeding on the stem pith 

during plant development which causes weakening and lodging of plant. 

Arabjafari and Jalali (2007) also found stem penetrometer resistance to 

contribute a logical mechanism in lowering the penetration and the length of 

tunneling produced by stem borers consequently influencing the partitioning of 

photosynthate to the ear. However, Munyiri et al. (2013) observed that stem 

penetrometer resistance may not be a strong trait to use as only measure for 

resistance in the inbred lines. 

 

Leaf Toughness 

Leaf toughness is another important trait that discriminate the genotypes into 

resistant and susceptible categories. Munyiri et al. (2013) demonstrated that the 

most resistance inbred line had the highest penetrometer resistance force. While 

most of the susceptible genotypes, had lower leaf penetrometer resistance; a 

clear indication of the trait’s importance in conferring resistance through 

antibiosis for leaf feeding. Increased leaf toughness, therefore, enhances maize 

resistance to the stem borer. This is an important factor that influenced 

European corn borer feeding behavior (Malvar et al. 2008). In selecting tor 

European corn borer resistance, investigations on morphological changes 

proved that leaf toughness increased over cycles of selection and the trait was 

highly and negatively correlated to leaf damage (Bergvinson et al. 1997). This 

is also in line with suggestion that was also made by Sarwar (2012), who 

reported that leaf tissue hardness, which is an important factor in conferring 

resistance to stem borers. 

 

CONCLUSION 

With the reference to several damage parameters taking, such as leaf damage 

score number of borer exit holes and cumulative stem tunneling Munyiri et al. 
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(2013) strongly suggested that out of the several mechanisms of resistance in 

tropical inbred lines of any of the trait could be used to elevate genotype for 

resistance to stem borer. To Bergvinson et al. (1997) and Sarwar (2012), leaf 

toughness is the best resistance in tropical inbred line while Santiago et al. 

(2003) pined it down to chemical composition. But looking at trichome density, 

it shows the most promising indicator of resistance, because it was 

quantitatively inherited by plants and are often contain several types of 

secondary chemical compounds that improve resistance to pest and disease. 

This may be followed by leaf toughness and stem sugar content. 
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