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CHAPTER 1

INTRODUCTION

Maize ¢Zea mays l.is the most important summer grain crop in Soiftica and
annual production may exceed 10 million tonnesrdufavourable seasons. Mean
yield losses caused by pests on agricultural canpsestimated world wide as 35%,
with losses in Africa as the highest in the worl@lhe maize stalk boreBusseola
fusca Fuller) (Lepidoptera: Noctuidae) is of special siigance, since the borer is of
major economic importance. Before synthetic insad#is were availablB. fuscain
South Africa was responsible for total crop lossesing epidemic years (Mally,
1920). Information from elsewhere in Africa isesftcontradictory and not applicable
to South African conditions (van Rensbueg),al, 1987). Infestations regularly occur
over large areas at infestation levels too low &wrant expensive spray treatment, but
nevertheless causing considerable overall lossadyetion. Even a limited degree of
resistance in commercial maize hybrids could thasob considerable economic
benefit to both commercial maize producers andistdrxe farmers (van Rensburg &
Malan, 1990). The use of insecticides againstrtteeze stalk borer has become
expensive and applications cannot be economicadliified for maize production in
marginal areasDevelopment of local maize hybrids with sustainesdistance td.

fuscaseems to be a viable alternative.

Insect resistance specific against the Europeam dmrer Ostrinia nubilalis
(Hubner) (Lepidoptera: Pyralidae) originated in &owRobinsonet. al, 1978;
Guthrie,W.D, 1981). A physiological mechanism tisatesponsible for the expression
of leaf-feeding resistance in these sources wasribes by Robinson, Klun &
Brindley (1978). An antibiotic substance 2,4-dihpdy-7methoxy-2H-1, 4-
benzoxazin-3(4H)-one (DIMBOA) was shown to be pnéda plant tissue. Barrow
(1985) reported that DIMBOA was not effective agaif. fusca However,
DIMBOA does not present the only mechanism of tasise affecting stem borers
since several exotic maize lines with low DIMBOArtent were found to be highly
resistant td. fuscalvan Rensburg & van den Ber95; van Rensburg, 1998



Van Rensburg & Malan (1990) found that some MiggEsnbred lines derived from
the Caribbean population Antigua group 2 that hadnbdeveloped for multiple
resistance to the south-western corn bdbemfraea grandiosellaDyar) and the fall
armyworm Spodoptera frugiperdgSmith) (Davis, 1989) expressed high levels of
resistance td. fusca Some CIMMYT breeding material developed in Mexico
subtropical regions also appeared to offer proraganstB. fuscafrom the antibiosis
viewpoint (van Rensburg, 1998)Alternative sources developed in Georgia against
the maize ear worrhleliothis zea(Boddie), showed limited local possibilities (Van
Rensburg, 1989).

Since these resistance sources are not adapteduth @frican conditions (Van

Rensburg, 1996; 1997), the resistance had to begmissed into locally adapted
breeding material. The resistance in the Missisdipps was shown to be additively
inherited with low dominance (van Rensburg & Gey&@893). Using Mississipi and
CIMMYT inbred lines as donor parents in a recurrselection programme, locally
adapted inbred lines with high levels of resistamee eventually released (van
Rensburg & Klopper, 2004). From this work it apmgehthat combining ability for

resistance differs between heterotic groups, aatighsceptible elite material do not
necessarily respond similarly in crosses with sesirof resistance from different
genetic backgrounds.

The development of conventional resistance wapsai worldwide by advances in
DNA technology, providing transgenes encodingBacillus thuringiensigoxins (Bt

maize). Deployed commercially for the first timeSouth Africa during 1998, the use
of Bt-hybrids increased to 35% of the national cno2006 (James, 2006). In South
Africa this culminated in the development of inseesistance to the CrylAb toxin
(van Rensburg, 2007), which warrants further ingasibn into conventional

resistance sources and the possibility of usingyeotional resistance in combination
with GMO technology to obtain durable plant resise&n The cost of Bt seed is also
prohibitive to the small farming community for whoronventional resistance could

still present a viable option.



From earlier work conducted under greenhouse dongitl'van Rensburg & van den
Berg, 1995; van Rensburg, 1998), it was observedl fdrval developmental rate
possibly differs with difference in time of the ye&reenhouse evaluations conducted
at different times of the season in which only pipetiod varied, indicated larvae to
develop faster during a declining photoperiod tharing an increasing photoperiod.
This was never further investigated but similar estsations were made elsewhere
(Personal communications, CIMMYT, Mexico). The qims arose to what extent
variation in planting date (a common occurrencesguth-Africa) could effect the
expression of resistance. The possibility exis#ét tesistance may break down under
conditions of decreasing photoperiod, which presgmactical consequences during
years when late spring rains result in late plantimhis became of particular
importance in recent years due to the availabiityso-called super short season

hybrids which extends planting dates to as latelidsJanuary.

The objective of this study was to determine whiombinations of resistant sources
with local elite susceptible material could provitie best expression of resistance. A
further aspect of the study involved investigatiomo the effect of variance in

planting date in the expression of resistance.



CHAPTER 2

LITERATURE REVIEW

2.1 Historical background

The African maize stalk borer, Busseola fusca @fulitechnical description and type
designation was published by Hampson (190Busseola fusca occurs throughout
mainland Africa south of the Sahara and has beemdidy recorded from West
Africa (Benin, Burkina Faso, Cameroon, C6te d’legiGhana, Guinea, Mali, Nigeria,
and Sierra Leone), from eastern Africa (Ethiopignita, Somalia, Tanzania, and
Uganda), and from southern Africa (Angola, Botswarizesotho, Malawi,
Mozambique, Rwanda, South Africa, Swaziland, Zafi@nbia, and Zimbabwe). In
southern Africa, B. fusca is the dominant stem bateelevations above 900m in
Botswana, Lesotho, Malawi, Mozambique, South Afriaad Swaziland, but it also
occurs at lower altitudes in those countries andimbabwe, clearly indicating the

ability of this pest to adapt to low-lying and wammareas (Sithole, 1989).

The biology of this species was reviewed by HgtB889b) and a detailed study of its
ecology on maize in South Africa made by van Rergbual (1987b). Earlier key
papers include Mally (1920), Wahl (1930), Hargreay&939), Lefevre (1935), du
Plessis (1936), du Plessis and Lea (1943), Bowi@&6p), Swaine (1957), Ingram
(1958), Nye (1960), Smithers (1960), Walker (196@ind Harris (1962; 1964).

Climatic conditions in South Africa often differ msiderably from those in other parts
of the continent. Subsequently the life cyclehd thaize stalk borer in South Africa
differs from life cycle patterns observed in otlparts of Africa. This has led to a
situation where information gathered outside SaAitfica may not be applicable to
local conditions (van Rensbueg al, 1987). Taxonomic descriptions, diagnoses, and
keys for identification were published by Tams @&wlvden (1953). There has been
no subsequent taxonomic revisionary work on thiecgs. Kaufmann (1983)
suggested that sub-speciation may be in progrebsgeria, but the evidence needs

corroboration by further observations and experisien



The following aspects on the biology of the maizalks borer are of special

significance when control strategies are plannebstwould be carefully considered:
» The specific periods within which moth flights occu
» The difference in magnitude of the first and secomudh flights.
» The selective behaviour of moths when plants dext for oviposition.

* The dependency of neonate larvae on soft plamieissid the tendency of

later instar larvae to remain sheltered in whorls.

» The fact that diapause larvae remain in the loveet pf maize stalks and that

pupation will be induced by specific climatic cotoins.

The mentioned aspects on the biology of the maitiakk ®orer will influence and

determine every step taken in the control of tleistp

Busseola fuscais a noctuid moth, closely related to the geBasamiaand its larvae
feed inside the stems of grasses and cereal aepsgially maize and sorghum (van
Rensburg & van den Berg, 1990). It was first rexbgd as a pest of maize in South
Africa, where much of the early work on its biologgd control was done, but it is
now known to occur widely in mainland Africa sowththe Sahara, but not on the
islands of the Indian Ocean. It is not known teuwcanywhere outside the African
continent, although there must be some dangeittbatild be accidentally introduced
elsewhere (Harris & Nwanze, 1992). The first detaileview of the biology, ecology,
and control of this species by Mally (1920) congai®3 references, mostly to work
done in South Africa up to 1919, followed by Du $3lis & Lea (1943). Research
progress in the 1980s was reviewed by Harris (1P88® also reviewed the bio-
ecology ofB. fusca(Harris, 1989b).

Two stalk borer species belonging to the family td@taeviz. B. fuscgFuller) andS.
calamistisi(Hampson) attack maize in South Africa (Kfir, 1998)faize crops are also
attacked byChilo partellus(Swinhoe), which belongs to the family Crambidadin(K
1998). The maize stalk bords, fusca is however the most important noctuid stem

borer attacking grain crops in South Africa (Anned Moran, 1982), as well as in



other mid-altitude production areas of East andtl@mua Africa (Harris 1989a;
Bosque-Pérez & Schulthess, 1998).

The cost of pest control expressed as a percenfate gross margin is governed by
the yield obtained for any specific season (van biang, 1987). This holds true for
irrigated as well as dry land maize and it follottst the cost of chemical pest
control, as a percentage of gross margin, will @ase as yield decreases (van
Hamburg, 1987). Maize yields obtained in Southidsfrcan vary considerably from
one region to the next. Factors such as recomniepidat density (determined by
the yield potential of an area), rainfall distrilout within any particular season as well
as cultivar selection, will have a major influerme harvests. A large percentage of
the maize crop in South Africa is planted in maagjireas (van Hamburg, 1987) and

it is often not possible for producers to applyrofels to insect pests.

One of the more significant control tactics for lifeawith insect pests of maize is the
use of insect and disease resistant hybrids. Sineel970’s significant research
progress has provided the basis for implementatibnsuccessful maize pest
management programmes (Teetes, 1978).

2.2 Resistance breeding strategy

Two distinct phases of maize breeding are necegeargystematic genetic advance.
These are the development and improvement of brgegibpulations and efficient
extraction of lines and hybrids from geneticallypimoved backgrounds (Rodriguez &
Hallauer, 1991). In maize hybrid breeding prograsninbred lines are developed
from segregating base populations by self-pollmgatand testing for grain yield in
hybrid combinations (Hallauer, 1990). During intiieng, visual selection is done for
plant and ear traits and disease resistance oflinks per se while grain yield
evaluation of the lines is based on their perforteanhen crossed to elite inbred lines
or single crosses (Bauman, 1981).

In maize breeding programmes emphasis is placea system to ensure high levels
of heterosis, whereby parental lines are classifieigrms of their ability to perform

in hybrid combinations. With this method, the d&ag total genetic variation is



partitioned into the effects of general (GCA) apedfic combining ability (SCA).
Significant GCA effects for grain yield and graiileld components have considerable
importance in the selection of parents for graieldjimprovement in conventional
maize breeding programmes. Combinations with fggmt SCA effects for grain
yield may be used in the development of hybridicaits (Borghi & Perenzin, 1994).
Combining ability analysis of inbred lines is alsecessary to exploit the relevant

type of gene action.

According to Reedegt al (1987) progressive genetic improvement of magzpiires
the development and improvement of basic breedomulations and extraction of
inbred lines and hybrids from the improved popolasi This genetic improvement
of maize depends on the availability of favouradileles for a specific characteristic
of interest in the species or population. Favoleratieles are commonly introduced
into existing elite maize breeding material throwgkariety of breeding procedures,
by recycling and recombining existing material (Bgi 1977). In maize hybrid
breeding programmes, the identification of inbredes with superior vyield

performance in hybrid combinations is costly amaeticonsuming (Bernardo, 1992).

Maize breeders are interested in estimating thenihae of genetic variance and the
type of gene action in their material (Odiemah, 2)99This has implications in

choosing the most effective selection and breegimmgedures so as to increase the
ability to identify the desired genotypes in theds&d material. The presence of
significant estimates of additive genetic varianodicates that selection of new
superior lines from the segregating generations @fiven cross may be possible.
Odiemah (1992) pointed out that the presence onifsignt dominant genetic

variance for a specific characteristic suggests ttie greatest advantage would be in

F1 hybrid performance.

Several statistical models have been proposedtérrdime the components of genetic
variance and their partitioning into additive anonfradditive genetic components,
such as proposed by Griffing (1956) and Mather 8kgi(1982). Several authors
(Robinson et al., 1955; Sprague, 1964; Stuber & Md&71) have studied estimates
of genetic variance in maize populations. Studeg®rting on genetic parameters of

additive, dominance and epistatic effects for graeid and other traits in different



maize inbreds have been published by Mariani & @ersd (1975), Schnell & Singh
(1978) and Odiemah & Oraby (1986).

The most important goal of a breeding programméoisncrease the grain yield
potential of the crop. Kronstad & Foote (1964)idaded that this can be done either
by breeding for resistance to one or more of theyradverse factors influencing
yield, or by breeding for increased yield itselBreeding for yield entails genetic
manipulation of polygenically inherited yield comqants such as number of kernel
rows per ear, number of ears per plant, etc. odibgctly manipulating the target
population towards a higher grain yield potentiaiough various possible selection

procedures.

Maize is an extremely diverse plant species. this genetic variability that makes it

such an extremely attractive candidate for breeginogrammes aimed at developing
insect-resistant varieties (McMillian & Wiseman,72). The point must be stressed,
however, that insect pest management is a mulictapproach and plant resistance
constitutes but one of the many available contactits. Good progress has been
made in this area, and it is quite conceivable thatintegration of plant resistance
and biological control, in conjunction with soundltaral production schemes, will

form the most sound and lasting insect controketyafor maize. The fact that plant
resistance is compatible with other control taci€sthe one feature that makes

resistant varieties such a viable component of p@stagement (Teetes, 1978).

Plant biotechnology is a powerful tool of agricuéiuresearch that allows plant
breeders to develop plants with special charatiesis Instead of mixing thousands
of genes, which is essentially what happens withsgrbreeding, modern plant
breeders select a gene for a specific trait andenitanto the cells of another plant. It
is more precise, faster and makes it possible tpraowe plants in ways that

conventional breeding cannot (Macintattal, 1991).

Biotechnology, together with other technologiesuldoprovide new solutions for
some of the old problems hindering sustainabld deeelopment and achievement of

food security (Crickmoret al, 1996).



2.3 Pest status and crop loss assessment

Busseola fusces of greatest importance as a pest of maize ficébut it also attacks

other cultivated crops, particularly sorghum, peaillet, sugarcane, and some wild
grasses. Damage is caused by the larvae whidhstifded on the young leaves but
soon tunnel into the stems. During the early staesrop growth, larvae may kill the

growing points, resulting in the production of ‘déaarts’ with a consequent loss of
crop stand. At later stages of growth, extensivenéling inside the stems weakens
them so that they break and lodge. Maize earsbmajirectly damaged by tunneling

larvae.

2.3.1 Adult emergence, mating and dispersal

Adult moths mostly emerge between sunset and nmdingnd soon after emergence
the females release a pheromone, consisting ofZza21fixture of (Z)-11-tetradecyl
acetate, (E)-11-tetradecyl acetate and (Z2)-9-tetrgdacetate to attract males (Nesbitt
et al., 1980; Hallet al., 1981). Mating behaviour has not been reportedetail.
Soon after mating is completed, female moths dsspén search of suitable host
plants for oviposition. The period of ovipositia@ontinues over three to four
successive nights. The extent of adult dispersaing this period has not been
established, although the indications are thatsitmainly local. Mally (1920)
indicated that female moths located and moved ¢pfrom an emergence site at
least a mile away. Migration over longer distanicas not been reported, although it
would seem feasible in some circumstances. Fusgtuly of this point is merited,
especially since there are occasions when theencl ofB. fuscaattack on early-
sown crops is higher than can be explained by localimstances (Harris & Nwanze,
1992).

2.3.2 Timing and size of moth flights

Adult moths are seldom seen in farmers’ fieldshay/ tare inactive during daylight
and are cryptically coloured. However, they argraated to light traps and are
sometimes caught in large numbers. The adult wingds about 20-40 mm, with

females generally larger than males (Harris & Nveari®92).



Three distinct moth flight periods have been reedrdhroughout South Africa
(Annecke & Moran, 1982; van Rensbwegal, 1985; van Rensburg, 1992). Walters
(1979) discussed the probable influence of weatbrditions on the flight patterns of
B. fuscaobserved over a two-year period. In most caseditstemoth flights were
considerably smaller than the second flights aibuarlocalities (van Rensbugd al,
1985).

According to Du Plessis & Lea (194B) fuscahas a low migratory potential and the
damage potential over wide areas in a specific year not be based on the
monitoring of essentially localised populations.eTthird moth flight is of no
economic significance since maize plants that Haaen planted during the normal
planting season are no longer suitable for ovipmsiafter February (van Rensbueg
al., 1985). Moth flights occur during specific persodithin each season with slight
variation between localities as well as betweers@es for each locality (Annecke &
Moran, 1982; van Rensbugj al, 1985). According to van Rensbuggal. (1985),
moth flight periods vary most along an east, westridution line. A shift in locality
from east to west will experience a smaller firsttmflight, a greater increase in
magnitude of second moth flights and a greater éecyl for separate flights to

overlap.

Extensive light trapping, done by van Rensbetal. (1985) (Figure 1), has shown
that first moth flights commence from mid Octobertbe eastern Highveld and from
the end of October in western production arease Jétond moth flight is however
slightly earlier in western parts and commencesiftbe end of December in contrast
to mid January for the eastern Highveld areas. teroimportant factor that should
be taken into consideration is the fact that thee sof moth flights can vary
considerably between seasons for any particulalityc Seasonal variation in moth
abundance was shown to be correlated with theathioycle (van Rensburgt al,
1985), with more serious infestations experiencathd relatively wet years (Figure
2).



Vereniging

Potchefstroom

Fig. 1. Geographical variation in moth flight patte with localities from East to West
(van Rensburegt al., 1985).
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(solid bars) (van Rensbugg al., 1987).



2.4  Maize stalk borer life cycle

During the three to four nights following emergefficen the pupal stage, females lay
eggs in batches of 30-100 under the inner surfatt=af sheaths, each female laying
about 200 eggs in total (van Rensbeat@l.,1987; Harris & Nwanze, 1992).

Larvae hatch about a week later and initially dispeover plants before they enter the
leaf whorls and start to feed on the leaves. @stablished in their host plants, they
bore into stem tissues and feed for three to fieeks, producing extensive tunnels in
stems and in maize ears. They then pupate irutireets, often after first excavating
emergence windows to facilitate the exit of adutitns (van Rensburgt al., 1987;
Harris & Nwanze, 1992). Adults emerge nine to dslafter pupation and the life
cycle is completed in seven to eight weeks wherditioms are favourable. During
dry and/or cold weather, larvae enter diapause fperiod of six months or more in
stems, stubble, and other plant residues beforatmgpduring the next favourable

period.

There is still a lack of adequate studies on tlodogy of B. fuscain many areas; the
studies that have been undertaken have not useif@nm approach and are often
restricted to a particular crop (Harris & Nwanz892). Van Rensburg (1992) has
shown that all final instar larvae are in a stdtdiapause during the dry season (April
to October).

Tams & Bowden (1953) stated that in West AfriBafuscais probably most serious
in the wetter parts of the Tree Savannah. It tleeechppears th&. fuscais to some
extent dependent for survival on the presencesylstem of farming which suits the

adaptation that the species has acquired in itsiton as a pest (Harris, 1961).

While irrigation may cause definite changes in plgrowth and development, which
may disrupt pest development, pest problems maykmsome severe under irrigated
conditions. There are no reports available oreffiects of water management Bn

fuscainfestations (Harris & Nwanze, 1992).



2.4.1 Selective oviposition pattern by the maizgkdborer

Direct observations of oviposition have seldom beemde, mainly because this is a
nocturnal activity of the female moths. Van Rengbet al. (1987) reported on
selective oviposition on maize where the oviposgiaresponse is related to plant age.
Maize plants are most attractive to ovipositionethtto five weeks after the crop
emerges. Van Rensbueg al. (1989) indicated that plants younger than two \gemk
older than six weeks were not selected for ovipmsitalthough when younger plants
were not available during the second-generatigifflioviposition occurred on plants
older than six weeks in late plantings. The preigteaf sheath for oviposition is that
of the youngest fully unfolded leaf, so that théposition site gradually moves up the
plant as the crop matures (van Renslairgl.,1989).

Evidence of selective oviposition on larger plantss obtained in a later study (van
Rensburget al, 1989) by using two maize hybrids with differeanerage stalk

circumferences. Significantly more and larger egasses were laid on the hybrid
with thicker stalks. Selection of vigorous plaiig ovipositing females in field

situations can probably be ascribed to an olfactesponse and location of suitable
ovipositing sites is probably thigmotactic. Diffat@l oviposition appears to be a
mechanism to promote larval survival since largants can better tolerate prolonged
larval feeding. This phenomenon is also of possilthportance in crop loss
assessment studies since primary stem borer ititestawill tend to be concentrated

on potentially higher-yielding plants (Harris & Nnze, 1992).

Eggs measure about 1mm in diameter. They are pasmisal and have about 70
crenulations (ridges) on the egg shell (choriohiney are generally laid in batches of
30-100 on the inner surfaces of leaf sheaths ootbar smooth surfaces (Harris &
Nwanze, 1992). According to van Rensbet@l.(1987) egg-batches of spring moths
were smaller than those of summer moths, the éifiee being highly significant. A

possible explanation is that body reserves of fireg@ moths may be smaller than
those of summer moths since the larvae of the fommeld have utilised reserves
during diapause. Usua (1967) found that springhshetach laid an average of 119.3
eggs compared with a considerably higher averagebeu of 369.9 by summer

moths. Walters (unpublished report, DepartmentAgficulture, Potchefstroom,

1974) found that 78 pairs of spring moths produsedverage of 203.4 eggs per pair



under laboratory conditions, considerably more thegorted by Usua (1973). The
results of other workers diverge; Mally (1920) ssthat the number of eggs per
batch can vary from one to 140 with a maximum of 8ggs/female. Ingram (1958)
found an average of 70 per batch and a maximun6®fper female. No distinction
between spring and summer moths was, however, nfaeimale moths are reputed to
produce up to eight egg batches in their life- tiamsl are subsequently capable of

infesting more than one maize plant (Ingram, 1988; Rensburg & Bate, 1987).

2.4.2 The significance of plant age

According to van Rensburgt al. (1987), the majority of eggs are laid on plants
between four to six weeks old. Oviposition rateslihe rapidly on plants older than
six weeks and it has been shown that only 9% oftdaked number of egg batches is
deposited on plants older than six weeks (van Regset al, 1987). It must,
however, be stressed that high levels of late eiijpm can occur if plants have been
planted late (van Rensbueg al, 1988a). Severe crop losses can be expecteghf hi
levels of oviposition, caused by the second angelamoth flight, take place shortly

before tasseling on old plants (up to seven weftks @mergence).

Trials conducted by van Rensbugg al. (1987) also confirmed that a high rate of
correlation exists between plant age and loci $edefor oviposition. No correlation
does, however, exist between oviposition loci amel position of larvae on maize

plants.

2.5 Larval development and behaviour

The behaviour of first-instar larvae is similartt@at described fo€hilo partellusby
Chapmarnet al. (1983) and Bernayst al. (1985) but has not been studied in such
detail. Soon after hatching, the larvae move uphtoleaf funnel and feed on the
young leaves before penetrating into the stem.f fessding results in characteristic
patterns of small holes that appear on the yourigases. During the stage of larval
feeding in the stem, the growing point may be Hilleesulting in “deadheart”. Van
Rensburg & Bate (1987) reported that 81% of larupeto the fourth instar were
found in leaf whorls. The period of larval feedilagts about 24-36 days and during



that time larvae may leave the stem that was llyitiitacked, especially if it has been
severely damaged, and bore into other stems. Thserderefore some larval
migration within crops. Van Rensbugj al. (1987) noted that previous workers
underestimated the extent of this migration, amdnmded that 4% of the total number
of larvae in a planting of maize migrated to adjgcelants immediately after
hatching. The fifth-instar larvae were evenly dimtted in plants reaching a peak at
eight weeks after plant emergence, and that spdtais were found in considerably
larger numbers that previous instars in stems angl and were the only instars found
in stem bases (van Rensbetgal., 1987).

Before pupation, larvae eat away exit holes tolifate their emergence as adult
moths. These holes are characteristically covdrngda thin remaining layer of
epidermis and are visible externally, giving ani¢gation that pupation has occurred

or is about to occur (Harris & Nwanze, 1992).

Stalk borer larvae normally pass through six irss{@nnecke & Moran, 1982) and
are dependent on whorls for shelter and soft giaatie that is necessary to initiate
their development (Annecke & Moran, 1982; van Renglet al., 1987). Larvae in
their fifth and sixth instars are usually forcedlidave whorls after tassel appearance
(eight weeks after plant emergence) and are noyrflind inside stems after boring
into the sides of stems. Second generation laovaelder plants often seek refuge
inside ears (Annecke & Moran, 1982), which are peed through husk leaves or
ear tips (van Rensbueg al.,1987). The majority of larvae will, however, reman

the plant on which they hatched up to the pointasieling, after which they will

spread to other plants in search of shelter.



2.6 Pupae

Pupae are usually shiny yellow-brown but their oolenay vary with location.
Female pupae are about 25mm long. Male pupae aerally slightly smaller. They
can be sexed by differences in the positioninghefdenital scars, found on sternum
eight in females and on sternum nine in males. dreenaster bears a single pair of
simple spines. Busseola fuscg@gupae can therefore be distinguished from those of
Sesamiawhich have a more complex cremaster with twospair thornlike spines
(Harris & Nwanze, 1992).

2.7  The importance of diapause and population dynamics

Despite its importance as a pest of African foazpst the population dynamics Bf
fuscahave not been studied in any detail. At most locat two to three generations
are produced (van Rensbueg al, 1985) but in relatively humid areas a small
population of larvae may pupate and give rise tousth adult generation. Harris &
Nwanze (1992) reported that the first generatiomltadare produced from the
diapause larvae of the previous crop season, witth flights occurring a few weeks

after rains have begun, when maize crops are thridée weeks old.

In South Africa, the number of generations on maizeeases from two to three from
east (Kwazulu Natal province) to west (North Wesivince) (van Rensburgt al.,

1985; Barrow 1989). The first generation moths mymebetween October and
December, the second in January, and the thirdarcM At all locations, most of the
last larval generations &. fuscaenter diapause. Although it is thought that theed

of diapause may be favoured by the ageing of mpiaets (Usua 1973), there is
evidence that the rainfall gradient may contridattirectly to geographic variation in

population dynamics, and in the number of genematfmroduced.

In dry and/or cold conditions larvae enter diapafsesix months or more. Usua
(1970, 1974) studied the physiology of diapausedétail on maize in southern
Nigeria, but at the time there was no clear undedihg of the factors inducing and
breaking diapause. It was observed that the maitorfaenabling larvae to survive

adverse conditions in diapause seems to be thidiest conservation of water.



Diapause is normally terminated as rainfall incesaguring the subsequent growing

season.

Harris (1962) reported that at the end of the diapgperiod, the availability of free
water, which the larvae drink, facilitates rehydmat and stimulates pupation.
Subsequent studies by Adesiyun (1983) showed thratct with water in the vapour
state (i.e., higher relative humidity), rather thdinect intake, promoted diapause
termination. Rainfall alone was not considerechéthe main factor terminating
diapause as pupation continued over an extendaddpeand some larvae pupated
even though they had not been exposed to watewekter, more recent findings by
Okuda (1988, 1990) confirmed earlier studies by silen (1983a) and revealed that
water contact is more significant than water uptade a factor in diapause
termination. The key factor was eventually ideetifito be photoperiod and
successfully utilised to develop a method for nrassing of larvae for the purpose of

artificial infestation (van Rensburg & van Renshur§93).

Diapause is facultative under unfavourable wintenditions (Usua, 1970), and all
stalk borer larvae are in a state of diapause dusiimter months or during the dry
season (April — October). (van Rensbwgal., 1987; Kfir, 1991). Diapause was
recorded in June, reaching a peak in July, and etpin September (Ussia, 1970).

Elsewhere in Africa, Ussia (1970) found that soarede ofB. fuscago into diapause
during each generation, irrespective of the stdtéhe maize plants, suggesting a
probable genetic mechanism or heredity. Diapause atcurs in other parts of the
continent irrespective of the state of maize steansl in spite of favourable

environmental conditions (Usua, 1970).

Sixth instar diapause larvae that are overwintenimder South African conditions are
found sheltering in subterranean parts of maizikstince temperatures are slightly
higher in these parts (van Rensbweg al, 1987). Larvae pass through seven
stationary moults during this period and lose up®% of their body weight (Kfir,
1991). A further weight reduction of 8% occursidgrpupation and as a result moths
emerging from diapause pupae retain only 30% ofotiiginal weight of sixth instar

larvae that entered diapause. Comparisons madedetdiapause and non-diapause



moths have revealed a 50% reduction in weight amdber of oocytes contained in
ovaries of diapause moths (Kfir, 1991). Weightustns clearly have a dramatic
effect on the fecundity of first generation motkgir, 1991), and explain the large
population increase experienced with second maghtf, which are caused by non-

diapausing females (van Rensbetal, 1985).

2.8 Aspects of the injuriousness dBusseola fusca

Previous knowledge of the injuriousnessBoffuscais based on studies conducted in
East Africa, Nigeria and Zimbabwe by workers sushregram (1958), Harris (1962),
Rose (1962), Usua (1968) and Walker (1960a; 1971Mese workers emphasized
yield losses following on the destruction of thewing point of the plant (deadheart),
and they attached special importance to the nuwidervae per plant as the damage-
determining factor (van Rensbuey al., 1988a). It appears that attack By fusca
limits the capacity of the plant to produce rattiem stimulating it to compensate for
losses. Rose (1962) distinguishes between danoathe tleaves and stems but does
not quantify the resulting crop loss. In a studyduacted by van Rensbueg al.
(1988a), it was shown that secondary damage, amade to parts of the plant other

than the whorl, is economically more important tipaimary damage.

Although the injuriousness of insect pests is kndovhe modified by various factors,
including climatic influences (van Rensbuwrgal, 1988a), the comparative efficacy
of various approaches to cont®l fuscaremained similar over years (van Rensburg,
1990).



2.9 The effect oBusseola fusca on yield of maize

A survey conducted by Walker (1960a) in East-Afiilndicated that infestation at an
early stage of plant growth will reduce the yiefdta 36 kg grain per ha for every 1%
plant infestation in high potential plantings. Anfastation at a later stage is less

injurious.

Final yields are the result of a number of gromthcesses, which may be inhibited,
retarded or encouraged, directly or indirectly,thg pest (Walker, 1960a). Estimates
of this loss vary greatly from place to place arahf season to season but in South
Africa the average annual loss to the maize crofh@fwhole country is about 10%
(Du Plessis & Lea, 1943). It was estimated as lgh25% in some cases (Mally,
1920), but proved to reach 100% in individual piags during epidemic conditions
such as was experienced during the 1978/79 seaanrRensburegt al, 1989).

Most high yielding maize cultivars are relativelpw growers that spend more time
in their vulnerable growth stages and may for tieiason suffer more damage than
short season hybrids at similar levels of infestat{van Rensburgt al, 1989).
Through repeated sampling in maize planted on rdiffedates over different seasons
in South Africa, it was shown that damageByfuscato plant parts other than the
whorl had an important influence on yield (van Rmng, et al.,1988a). Damage to
plants in the period after tasselling was showhedess important unless it involved
direct damage to the ears (van Rensbetgal.,1988a). The number of larvae in the
plant is a weak estimator of expected yield losseé economic threshold for
chemical control based on scouting for eggs anohaamitant method for sequential

sampling was subsequently developed (van Rengiwaly 1989).

2.10 Cultural control strategies

Cultural control strategies often have a directaatponB. fuscanumbers because
they focus on life cycle disruption. Cultural canttoften involves no financial inputs
but do require an intimate knowledge of stalk bdr@logy and how it is related to

crop cycles.



Nwanze and Mueller (1989) emphasized that stemrlmetrol strategies must be
politically practical, socially acceptable, econoally feasible, and technically

effective (Harris & Nwanze, 1992).

The overall approach to control stem borers onsinpAfrica must be to devise and
implement an integrated pest management prograimthst meet local needs and be
adapted to local conditions and resources. Tisenede scope for the development of
such programmes that will be mainly based on nawibal methods of control. The

main elements are summarised below.

2.10.1 The significance of planting date to stadkelo control

Maize stalk borer oviposition is selective (van Raurget al, 1989) which results in
large moth flights not necessarily giving rise tghinfestation levels (van Rensburg
et al, 1987). Producers can avoid heavy infestatiomsiguhe first moth flight and
severe crop losses during the second moth fligherisuring that vulnerable growth
stages are not synchronised with moth flight pexigdnnecke & Moran, 1982).
Repetitive planting trials conducted by van Renglatral. (1987) have shown that
infestation levels were lowest with planting duriNgvember since plants will be at
their most susceptible growth stage during Decenfbetween the first and second
moth flights) when no moths are active. Infestatlevels do, however, increase
progressively as plantings are made earlier thahlater than middle of November
(van Rensburgt al, 1987).

2.10.2 Carry-over populations

Early observations showed that larvae of this ggesurvive in maize stubble in
South Africa (Mally, 1920). Some larvae may alsovieze on wild grass hosts (van
Rensburg & van den Berg, 1990). However, stubblprobably the main source of

initial stem borer infestation in subsequent season

2.10.3 Alternative host plants

Busseola fuschelongs to a group of Lepidoptera that has evoinediose association
with grasses, and in which the specialised habharfng into stems has developed
(Harris & Nwanze, 1992). The original host plant which B. fuscaevolved is not

known, but the following indigenous African grasse®re recorded as hosts:



Sorghum verticilliflorum (Steud.), Piper (includingSorghum arundinaceum
Pennisetum purpureurBchum.,Panicum maximundacq.,Hyparrhenia rufaNees
(Stapf),Rottboelia exaltatdL.) andPhragmitessp. The original host may well have
been one of these, possiblysarghumor Pennisetum The main crop hosts are maize
and sorghum and, to a lesser extent, pearl mflleger millet, and sugarcane. Of

these, all except maize and sugarcane are indigetnoAfrica.

The interaction oB. fuscawith maize is particularly interesting as it dabesn about
1550 A.D., from the time of the introduction of tltaop to Africa from the Americas.
The extension of maize cultivation in Africa mayhanabled the borer to follow the
crop and become established in new areas, suclowh 3frica, as suggested by
Mally (1920).

Maize stalk borers utilise various indigenous axatie grass species (family Poaceae
and Typhaceae) as host plants (Polaszek & Kharg8)198 total of four crop species
viz. Zea mays L, Sorghum bicol@r) Moench,Pennicetum glaucurfL.) R. Br. and
Saccharum officinarurhave been recorded as stalk hosts in South AfRotaézek &
Khan, 1998). Du Plessis (1936) reported that trapming was not effective in South
Africa although Jack (1922; 1928) earlier recomnezhthe use of sorghum or maize
as trap crops in Rhodesia (Zimbabwe). Later JA8RY) reported that maize sown as

a trap crop was not effective.

Recommendations that wild host plants should beowewh as part of stalk borer
control programmes might not be the most effecoption (van den Bergt al,
1998). Several wild and fodder grass species €Trdplhave been found to have
useful properties and must be considered for inmtug pest control strategies. Van
Rensburg & van den Berg (1990) showed that somasfiocrops of both th8orghum
andPennisetungenera are at least as favourable for egg laysritgeagrain crops. In a
study conducted under laboratory conditions sonaengraceous fodder crops were
compared to maize for ovipositional preferenceBbyusca. Based on the ability to
sustain larval development, pearl millet (Babalasvound to be superior and Napier

grass inferior to maize (van Rensburg & van dergB£990).



Table 1 Important wild and cultivated host grass speciethe maize stalk boreiB(
fuscg in South Africa (van den Bemgt al, 1998; van den Berg, 2001).

Grass Species

Significance to agricultural andOrigin
stalk borer control

Desmodium uncinatum

Echinochloa pyramidalis (Lam.) Hitchc.

Chase

Hyparrhenia cymbarigL.) Stapf
Hyparrhenia rufa(Nees) Stapf

Melinis minutifloraBeauv.

Panicum deusturhunb.

Pennisetum glaucuif..) R. Br..
Pennisetum purpureu@chumacher.
Rottboelia cochinchinens({&our.) Clayton
Saccharum officinarum

Setaria incrassatéHochst.) Hack.
Setaria sphacelatéSchumach.) Moss
Sorghum bicolo(L.) Moench

Sorghum versicoloAnderss.

Sporobolus marginatudochst. Ex A. Rich.
Sporobolus pyramidaliBeauv.

Vetiveria zizanioidef..) Nash

Zea mayd.

&

Attract parasitoids Africa
Cereal & pastures Africa
Wild host Africa
Pastures (young plants only) Africa
Attract parasitoid# pastures Africa
Pastures Africa
Pastures Africa
Catch crop& pastures Africa
Wild host Africa
Sugar production Asia
Wild host Africa
Cultivated hay & pastures Africa
Cereal & fodder Africa
Wild host Africa
Pastures Africa
Wild host Africa
Possible catch crof Vetiver oll Asia
Cereal & fodder America




The most important qualities found in grasses tieate been employed in cultural

control strategies are as follows:

« The ability to attract female stalk borer moths ad elicit oviposition

behaviour.
» The ability to repel stalk borer moths.
» The ability to attract stalk borer parasitoids.

» The ability to act as a reservoir of natural enentig hosting non-pest species

closely related to harmful stalk borers.

Napier grassRennisetum purpureurSchumacher) has properties that make it very
attractive to stalk borer moths but at the same timpalatable to stalk borer larvae
(van den Berg & Polaszek, 1998). The combinatibtooghness, hairiness and the
production of sticky substances (when plants armadged) are believed to be
responsible for the high mortality rate among larte@eding on Napier grass (van den
Berg, 2001).

Sudan grassSporghum bicolor drummandiiL.) Moench has the ability to attract stalk
borer parasitoids along with stalk borer moths.ial$rinvolving Sudan grass have
shown a 5.67% increase in stalk borer parasitisan (den Berget al, 1998).
Molasses grassMelinis minutifloraBeauy) has been reported to attract parasitoids
and Silverleaf Desmodiunbgsmodium uncinatunto repelB. fuscamoths (van den
Berg, 2001). Dramatic reductions in stalk bordestations on maize crops were
recorded in cases where non-host grasses wereropeed with maize (van den Berg
et al, 1998; van den Berg, 2001).

A “push - pull” planting system that has been depel in Kenya is currently under
investigation in South Africa (van den Berg, 2001)involves the planting of highly
attractive but unpalatable Napier grass around entétds, intercropped with a wild
host species (such as molasses grass) that istiattrto parasitoids but not &. fusca
moths (van den Berg, 2001).



2.11 The importance of sanitation

It was suggested that it might be possible to redhe pest status &. fuscaandC.

partellusin South Africa by destroying their hibernationesit This should be done
on a national basis, and cooperation of farmeessential (Kfir, 1990). Crop residues
are one of the most important sources for new shalker infestations in large
commercial plantings (van den Berg & Nur, 1998ult@ral control strategies can be
a low cost option but often involves high levelsmgiut and may be labour intensive.
Practices such as large scale crop rotation ae® ofvt an option in large production

systems (van den Begg al, 1998).

2.11.1 Importance of cultivation as part of a &gi@n programme - tillage

Deep ploughing to bury maize stubble was one ofetimiest control measures used
against this pest in South Africa (Mally 1920).ck1918) reported that in Rhodesia
(Zimbabwe) moths emerging through 5cm of soil watppled and that deeper burial
of maize stalks under 10-15cm of soil ensured tifmtadult moths emerged. Du
Plessis and Lea (1943) reported that tillage ordyegpartial control but Walters
(1975) emphasised the role of conventional tillageontrolling B. fuscain South
Africa. More recent work reported by Kfir (199Maved that slashing maize and
sorghum stems destroyed 70% of the stem borer atipnland that ploughing and
disking the crop residues after slashing destraydther 24% of the pest population

in sorghum and 19% in maize.

Cultural methods of control have recently beenawed by Verma and Singh (1989)
and by Reddy (1985a), but necessarily relate teatestem borers in general, rather

than toB. fuscain particular.

Van den Berget al. (1998) stated that the predictability of the mastek borer’s life

cycle under local conditions makes the use of \alfibn practices in its control a
viable option. Du Plessis and Lea (1943) carrietl experiments in which maize
stems containing larvae were buried in the groundepths similar to those which
would be achieved by the ploughing in of crop ree&l They found that stem borer
moths were able to emerge from depths of up to fiecies, although considerable

mortality was affected. Thus the control by plomghcan only be partial.



Trials conducted by Kfir (1990) showed that maizalks borer numbers were
decreased by 89% after a combination of winterhg#has ploughing and disking of
plant residues on maize fields. Slashing destrdgedhe that were hibernating in
stalks above the soil surface. Ploughing and dgsklestroyed larvae hibernating
inside stalks underneath the soil surface by eitheshing them or exposing them to
predators and unfavourable climatic conditionsrvha that survived and managed to
complete their life cycle were often unable to méest maize fields during the next
season because stalks were often buried too deepltiyation activities and moths

could not escape (Kfir, 1990).

2.11.2 The effect of stalk borer survival

Most South African maize producers include livektas a necessary component of
their annual production cycle (van den Betgal, 1998). Maize residues left on
fields after harvesting makes an invaluable countrdm in the form of winter fodder
and cattle may feed on maize fields for up to fowmths after harvesting (van den
Berget al, 1998). The effect of grazing animals on stalkebmumbers is, however,
minimal since cattle prefer to feed on leaves guuku parts of stalks (van den Betg
al., 1998).

2.11.3 Burning of plant residues
Where destruction by burning or deep ploughingasible, it may be possible to take
concerted action to reduce carry-over populatiom$ o limit the most damaging

early borer infestations in the following seasomitit & Nwanze, 1992).

Of the numerous methods of control examined, aesysif dry season burning of
stubble showed the greatest promise in countriesr@vpupation occurs within the
stems rather than in the stem base. Accordinguerd®n (1953) the burning of crop
residues proved to be highly effective in the eratibn of overwintering stalk borer
populations in Tanzania. A 99.6% reduction in lao@unts was recorded after above
ground parts of stalks were removed and burnednukt, however, be stressed that
the same success rate might not be achieved umdgh &frican conditions, since
diapause larvae occur almost exclusively in suateran parts of maize stalks (Kfir,
1991).



Burning of stalks is not recommended for areas wiseils have low organic matter
content or if wind and water erosion is a problamn(den Berget al, 1998). The
large scale burning of plant residues will alsadléa shortages of winter fodder in
commercial production systems. The fact that stdlave to be stacked to ensure
effective burning (Duerden, 1953) will make thisemise too labour intensive on a
commercial scale. According to Duerden (1953) thsebof the plant which is often
difficult to destroy, could largely be neglectedthe number of borers in this zone

was negligible.

2.11.4 Volunteer plants

Volunteer plants can normally be found growing imdaround maize fields before
crop plants have been planted. First generatiothsnare normally attracted to
volunteer plants growing among maize seedlings,clwidefeats the objective of
selecting a planting date to try and avoid inféstet (van Rensburgt al, 1987;
1988a). Volunteer plants should be removed sianeé will migrate to crop plants
if volunteer plants are left in fields after hoeifgan den Berget al, 1998). The
incidence of growth tip damage (“dead heart”) iscithigher in cases where
seedlings are attacked by stalk borer larvae iraackd stages of development (van
den Berget al, 1998) and will have a greater impact on yielatsigrowth tip damage
results in direct crop losses (Annecke & Moran, 2)98Volunteer plants can also be
destroyed by allowing animals to graze in fieldéobe the crop is planted (van den
Berget al, 1998).

2.11.5 Crop rotation

Any crop rotation that extends the period betweelivation of successive maize
and/or sorghum crops in the same fields may redwrer infestations, but local
dispersal of ovipositing moths is possible and meycel out any local effects of crop
rotation. There appears to be no information awdeé on the effects of different

rotation systems oB. fuscaincidence (Harris & Nwanze, 1992).



2.12 Chemical control

Walker (1960a) stated that larvae do not penetretanore closely packed leaves in
the whorl until about 10 days after hatching. Dgrithis period the larvae are
exposed, and application of insecticides to thenmbiothe plant up to ten days after

hatching will give effective control.

Maize stalk borer infestations occur within a lietitrange of crop growth stages, with
the result that re-infestations after treatmentuoy particular planting is very rare
(van Rensburg & van den Berg, 1992). This scenaiages it possible to calculate
threshold values for chemical control and to enghee correct timing of chemical

applications.

Several studies on the chemical controlBoffuscahave been conducted; either to
determine the relative efficacy of different cheats; or to evaluat8. fuscacontrol

under experimental conditions (Harris & Nwanze, 2)99

The earliest use of insecticides for the controBoffuscawas reported from South
Africa where maize crops were treated with hycduson, sheep dip and several
other botanical insecticides such as ‘Derrisol@ulvex®’, ‘Kymac®’, etc., that
were all based on rotenone, a product of the legous plantDerris chinensis
(USADA, 1922; Chorley, 1932; Ripley, 1928; Ripley Klepburn, 1928; 1929;
Parsons, 1929). Good control®ffuscawas achieved by using these chemicals. In
the 1950s, DDT at 22.4 kg havas successfully used in Ghana (Bowden, 1956) and
in Uganda (Coaker 1956).

With the withdrawel of DDT from the South Africanamket during 1973 (van
Rensburget al, 1978) a host of new and more expensive inseescidecame
available. Several later studies indicated thahgle dose of carbofuran at 1.0-2.5kg
a.i. ha', applied to the planting furrows of maize in SoAfrica and in Nigeria, gave
good control up to seven weeks after emergence Rearsburg & Malan 1990; van
Rensburget al., 1978; Egwuatu & Ita 1982; Drinkwater, 1979). Raent of
granular dusts of endosulfan, carbaryl, malath@mnfenvalerate in leaf whorls were

also reported to controB. fusca effectively (Whitney, 1970; Adenuga, 1977,



Adesiyun, 1986; Kishore, 1989). Spray applicatiaisendrin as a 0.03-0.40%
emulsion, or as a 2% dust formulation, were efieciin eastern Africa (Walker,
1960a).

However, with the changing patterns of maize prtiducin many African countries
(i.e., on large-scale and parastatal farms) insdetiuse will form a vital component

in an integrated approach to stem borer control.

2.13 Determination of threshold values and scoutgnof maize fields

The economic threshold represents the level ofstafon where the value of the
expected yield benefit exceeds the cost of chendoatrol (van Rensburg, 1990).
Control measures based on an economic thresholtD% of the plants showing
visible damage proved to be superior to a prevemtapray with regard to both larval

control and grain yield (van Rensburg, 1990).

Stalk borer oviposition patterns are not linkegl@nting dates but do remain constant
in relation to plant age (van Rensburg & Pringle89). The greatest oviposition
intensity will always be reached between three farelweeks after crop emergence
(van Rensburgt al, 1989). Scouting efforts should be concentrattsvben two to
seven weeks after crop emergence to ensure thatigers have ample time to react
(Walterset al, 1975).

Threshold values can be calculated on accountmftswy efforts concentrated either
on oviposition levels or on plant damage levelsn(\den Berg & Nur, 1998).
Scouting efforts focusing on oviposition levels lwihvolve the counting of egg
batches, which are not difficult to spot througlke tartially transparent leaf sheaths
(van Rensbur@t al, 1989). Van Rensburg & Pringle (1989) have eshbéd a link
between the amount of sampling deemed necessarggfprbatch counts to reveal
whether the economic threshold level has been esh@nd infestation levels.
Sampling suggestions made by van Renskuial. (1989) include sampling of plants
in units of 20, with plants being selected for séngpadjacent to and within the same

row at a randomly selected point. This methodsswplified version of a suggestion



involving totally randomised sampling and was made ensure that unskilled
labourers will be able to do successful scoutigalterset al. (1975) suggested that
egg batches on 5% of plants should be regardeleasconomic threshold value for
stalk borer control. According to Waltees al. (1975) at least 100 plants (five plant
units containing 20 plants) must be searched balemding on control measures.
The same recommendation has been made by van Rgestal. (1989), but only for
low to moderate infestations (an average infestatit2.9%). The recommendation
is altered slightly in cases where four egg batdtese been found in a single plant
unit (20 plants) since this will signify that theamomic threshold level has been
reached (van Rensbueg al, 1989).

An economic threshold value can also be based ernp#icentage whorl damage
found in a maize field (van den Berg & Nur, 1998)is important to scout the inner
(youngest) leaves of whorls since this will indecathe most recent damage
symptoms. The current economic threshold valuege Haeen set at very low
infestation rates in South Africa to allow for titpepplications in fields of high value
(van den Berg & Nur, 1998).

2.14 Use of pheromone traps

Pheromone traps can be used to monBorfuscanumbers and are capable of
providing maize producers with valuable informatiwan den Berg & Nur, 1998).
Formulations oB. fuscasex pheromones are commercially available in Safica.
The action threshold determined for pheromone tiapgached when an average
catch per three traps (set in one locality) exce®das moths per week for three
consecutive weeks (van den Berg & Nur, 1998). A gegromone-based monitoring
system foB. fuscamoth flight was described by Revingtenhal. (1984). Scouting for
B. fuscaegg masses counts did not coincide with pherontiage results, but were
better correlated with light trap catches (Revimgtbal, 1984).

Van Rensburgt al. (1985; 1987) showed that moth numbers three wJigeks after
emergence of a given maize planting provide a bldiaestimate of the expected
infestation level in terms of larval numbers. Mobkthe variations in infestation levels

between plantings (71%) were explained by the tiarian planting date and moth



numbers (Van Rensbuegt al., 1987). While light traps may provide a useful garl
warning system by identifying potentially hazarddofestations, extensive use of

light traps is prohibited by practical limitations.

While pheromone traps tended to over-estimate nmottmbers during periods of
diminished moth populations, the possibility ofngspheromone trapping systems to
identify seasons of potentially severe infestatiseems to be feasible. It is
anticipated that the ultimate pheromone trappirgiesy used for early-warning will
need to indicate only those seasons of above dod/laeverage population levels at a

given level of probability (van Rensbyrt992).

If a margin of uncertainty is allowed in betweencls a system could be meaningfully
integrated with the principle of the economic tiwa@d for chemical control. The
application of the current threshold requires raguhspection of the maize crop,
while the integrated system could reduce this tty dhe seasons of uncertain
population levels (Van Rensbuegal, 1985; 1987).

The use of pheromone traps does, however, seeaviolbst favour in South Africa,
with very few, if any, commercial farmers still ngithem (Personal communication,
Professor J.B.J. van Rensburg, Grain Crops InstiRttchefstroom, 2003).

2.15 Chemicals registered for control of maize silaborers

A total of 17 chemicals, sold under 64 trade nanmasie been registered for use
against the maize stalk borer (Mglal, 2007). Products can be classified under three
application categoriedz. pre-emergence preventive, early corrective postrgemee

and late corrective.

2.15.1 The importance of timing and methods use@gplications
Threshold values are invaluable in determiningrtbed for chemical applications. It
must, however, be stressed that the following factwill govern the timing and

method used for chemical applications:



» Single applications are in most cases the only @mically justifiable option
(van Rensburg, 1990).

» Applications made directly into whorls are moreeetive (van Rensburg,
1990; van den Berg & van Rensburg, 1995).

» Economically significant crop losses are possibléeratasseling (van
Rensburget al, 1988a).

* Chemical applications after tasseling will be leftective but can still be

economically justified (van Rensburg, 1990).

Walters et al. (1975) suggested that chemical applications (eeaoiyective post-
emergence) should be made between 10 and 14 daysielfls have been scouted for
egg batches. The normal practice in cases whexgtisg has been done for funnel
damage, is to apply chemical control measures @s as the economic threshold of
10% damage has been reached. This practice nhigivever, necessitate more than
one chemical application, since the economic tholesimight, in the case of late
plantings, be reached before plants are older gianweeks. Late and highly
injurious infestations, due to late oviposition,ghii also occur in late plantings (van
Rensburget al, 1988a) and will necessitate late chemical appdtina. It has been
suggested by van Rensburg (1990) that control messinould be taken after rather
than before. This suggestion is based on the tfedt whorl applications shortly
before tasseling had the same results as apphsatiade at the point of reaching the

threshold value (van Rensburg, 1990).

It is advisable that late corrective applicatiohswdd always be made before growth
stage four has been reached (van Rensburg, 199@lications made by means of
drop arms and aimed at the sides of plants have Sieewn to be significantly less
effective than applications directed into whorlar{\den Berg & van Rensburg, 1995).
Late infestations might, however, necessitate cbalmapplications after tasseling.
The timing of applications after tasseling becormegial and it has been found that
yield losses will increase from 15.1% to 42.5% dpplications made at 10% and at
50% tasseling respectively (van Rensburg, 1990).



2.16 Biological control

Biological control has been effectively used agastem borers on sugarcane in the
Caribbean and might be expected to have potemtiaise againdB. fuscaand other
stem borers of cereal crops in Africa. Ingram @)98tressed that little is known
about predation on stem borers, other than occalsi@ferences to ants attacking
eggs and first-instar larvae. Skoroszewski and Mamburg (1987) reported the
introduction ofCotesia flavipegCameron) [ZApanteles flavipe§Cameron)] against
C. partellusandB. fuscaon maize in South Africa but, although flavipesbecame
temporarily established, it was not recovered datterwinter. Kfir (1989) has also
reviewed the prospects of biological and cultukaitool of lepidoterous stem borers
(including B. fusca in South Africa, where a number of different ezgiarasitoids
have been released. To date, few recoveries sétteeases have been made (Harris
& Nwanze, 1992).

According to Skoroszewski & van Hamburg (1987) tefit margin for maize
production is often low with the result that farseannot afford to spray. The cost
of one spray application could amount to 28% of ¢hap value (Van Rensburg &
Van Hamburg, 1975). Several biological agents ai as abiotic factors such as
drowning are responsible for mortality among immatstages oB. fusca(van
Rensburget al, 1988b). Mortality rates among larvae had a teogéo increase as
time after plant emergence increased. Severabrfaetincluding plant growth stage,
the biology of parasitoids, and the spreading dafedses among larvae - are
responsible for the observed pattern (van Rensiuag, 1988b).

2.16.1 The importance of parasitoids as biologioaitrol agents

The most important parasitoids Bf fuscain eastern Africa ar€otesia sesamiae
[=Apanteles sesamiae], Sturmiopsis parasitica, Frm@chasmias glaucopteruand
Pediobius furvus (Mohyuddin & Greathead, 1970). These authoeviewed

information on predators and concluded that argsraportant.

Only one parasitoidCotesia sesamia€ameron, has been consistently recovered (van
Rensburget al, 1988b; Overholt, 1998) and may account for upa® of parasitised
larvae in South Africa (Kfir, 1995).



Larval parasitism is the single most important ralist factor amondB. fuscalarvae
and accounted for 36% of all larval mortalities idgr trials conducted at
Potchefstroom (van Rensbueg al, 1988b). The order Hymenoptera harbours the
greatest number dB. fuscaparasitoids, with 18 species (two remain uniderdjf
having been recorded in South Africa (van Renshetr@l, 1988a; Kfir, 1995).
Parasitoids belonging to the order Diptera areasowell represented, with only three
species having been recorded as larval parasii§idts 1995). Almost all parasitoids
are rare and the local incidence of parasitisroMs(Van Rensburgt al, 1988b; Kfir,
1995).

Kfir (1995) reported that parasitoids are able éduceB. fuscanumbers in South
Africa, but have not yet been able to maintain pajons below economic threshold
levels. The natural enemy complex within Southigsris regarded to be rather
impoverished, with very low activity levels beingported early in the growing
season (van Rensbuegal, 1988b). Parasitoids found in South Africa adigenous
to Africa and have been noticed to be more habkjatific than host specific (Kfir,
1995). The host plant species on whighfuscalarvae feed may play an important
part in this phenomenon since attraction betweeeifip host plants and parasitoids
has been reported (van den Betal, 1998; van den Berg, 2001).

Trials conducted by du Toit (1995) have revealgdealator complex of 56 insect and
arachnid species, belonging to 16 orders and 23ligsmin maize fields in the
Potchefstroom district. Data presented by du {X895) should be applicable to the
majority of maize production areas that are affedig B. fuscaif minor changes in
the predator complex are acceptddlisseola fuscés the most important maize pest
in cooler production areas (more than 900m abowelsesl) (van Rensburg & Bate
1987), in which the grassland biome is the predamtireco-type (Low & Rebelo,
1996).

Direct predation orB. fuscalarvae has only been observed on two occasioriaglur
trials conducted by du Toit (1995). It is, howevanportant to note that active

predation on immature life stages®ffuscamight be more frequent. Ant predation
was also reported by van Rensbuwigal. (1988b), who regarded it as sporadic.

Predation undoubtedly plays an important part & dhastic rise in mortality among



larvae witnessed after tasseling (van Rensletral, 1988b), when migrating larvae
are at a greater risk to encounter predatory igsantl arachnids. It is however
doubtful whether predators will have a significanmtpact onB. fuscanumbers

because the size of infestations varies betweesosedAnnecke & Moran, 1982).

2.16.2 Important diseases

According to van Rensbumg al. (1988b), large numbers 8 fuscalarvae that were
collected from fields died without any apparentsaa A Nuclear Polyhedrosis virus
was first isolated from dead larvae by Hoechst (Remsburget al, 1988b) and is
currently regarded as the most comnBoriuscapathogen (Kfir, 1991).

Beauveria bassianéBalsamo) is the most prominent entomopathogemgus (van
Rensburget al, 1988b; Kfir, 1991). Several important factordlwave to be taken
into account if pathogens are considered for ud@asgical control agents. MoBt
fuscapathogens are active during specific periods withimaize production cycle
and are subsequently linked to specific larval derssand or developmental phases.
Other agents might also be involved as is the eatde Serratia marcescenBizio,

where infections as closely related to parasitigtfir, 1991).

2.17 The use of plant resistance for stalk borer ctrol

2.17.1 Breeding efforts

Plant breeding for resistance to South African ma@msects is a much neglected field
of research. Even a limited degree of resistanc®mmercial maize hybrids could be
of considerable economic benefit to both commeraiahize producers and

subsistence farmers (van Rensburg & Malan, 1990).

Although there were early attempts to develop meiggvars resistant tB. fusca(du

Plessis & Lea, 1943; Ingram, 1958; Walters, 19749 only within recent years that
concerted efforts have been made. Lack of purpbsedgistance breeding
programmes is to be attributed to insufficient masging techniques for the insect,
rather than to a lack of potential sources of tasie. Differential resistance in maize
inbred lines toB. fuscahas been reported by Barrow (1985; 1987) and th Bo

fuscaand the sorghum bore€. partellus (Swinhoe) by Fourie (1984), while 50



commercial maize hybrids were shown to display ifiant differences in tolerance
to attack byB. fusca

A physiological mechanism that is responsible foe £xpression of leaf-feeding
resistance against the European corn b@strinia nubilalis(Hibner) was described
by Robinsoret al. (1978). This mechanism is based on the presehaaylycoside,
2-0-glucosyl-4-hydroxy-1, 4-benzoxazin-3-one in amédged maize leaves that is
hydrolysed through enzyme action to the aglucopkdihydroxy-7methoxy-2H-1, 4-
benzoxazin-3(4H)-one (DIMBOA). Genotypes with DIMB@elated resistance
seem to be less promising as sources of resistarBefusca,as was also reported
from resistance studies with. partellus(Ampofo & Saxena, 1985). This resistance
was attributed to non-preference by larvae (Robiretaal., 1978) and was shown to
contribute to failure of newly hatched larvae @f partellusto reach the whorls of
plants. The presence of DIMBOA in plant tissue whig biologically active against
O. nubilalis larvae, elicited foraging behaviour and resultedaivae moving away
from plants with this trait (non-preference behav)o(Robinsonet al, 1978).
DIMBOA is not the only mechanism of resistance difeg 0.nubilalis, since several
exotic maize varieties with low DIMBOA-content wefaund to be highly resistant to
this borer species. Van Rensburg & Malan (1990pmep that DIMBOA is not

effective againsB. fusca

A major handicap in breeding for resistancétduscahas been the lack of efficient
screening techniques. Most previous studies hazh nducted under natural
infestations where several species of stem borens infest the same crop. Several
attempts were made in South Africa to rBarfuscaartificially on meridic diets, but
these were unsuccessful due to poor survival ef-firstar larvae. Van Rensburg &
van Rensburg (1993) found that the successful kestatient of a colony is dependent
on the collection of healthy, vigorous larvae. ls\parasitized bZotesia sesamiae
Cameron (Hymenoptera: Braconidae) show charadterssierotic patches on the
body wall after several weeks in diapause. Pasasitlarvae can thus be recognised
and immediately discarded if collections are madend August (in the Southern
Hemisphere). Allowing for a normal mortality rataedto parasitism and diseases, a
collection of 50 000 diapause larvae will, on agerafacilitate the artificial

infestation of at least 20 000 plants. However, nvhatural mortality is minimal, and



by keeping moths at controlled temperature and ditynithe number of plants can be
doubled (van Rensburg & van Rensburg, 1993).

High level resistance tB. fuscawas first recorded in Mississippi maize lines Mp,/0
Mp706 and Mp707 (van Rensburg & Malan, 1990), dewvetl for resistance to the
fall armyworm S. frugiperdaand the southwestern corn borBr grandiosella
(Williams & Davis, 1989; Davis1989). Later evaluation of exotic breeding materia
identified resistance tB. fuscain genotypes from CIMMYT Mexico (van Rensburg
& van den Berg, 1995), these being derived fronminalar Carribean population as
the Mississippi material. The only significant stahce from an unrelated genetic
background was recorded in maize lines from GepildisA (van Rensburg, 1998),
developed as sources of resistance to the cornoearvHeliothis zea(Boddie)
(Widstrom et al., 1993). It is possible that further sources of tasise can be
obtained from the gene pool with known resistangeDt grandiosellaand S.
frugiperda Interest has subsequently focused on the Mp disbdeie to their possible

value in a local resistance breeding programme Reamsburg & Gevers, 1993).

The genetics of resistance to insects in maizebe&n investigated for only five
insect species. Most studies indicated that ragistégs quantitatively inherited (Khush
& Brar, 1991). In genotypes closely related to My inbreds, resistance to the south-
western corn boreD. grandiosellaand the fall armyworn®. frugiperdawas shown
to be additively inherited when based on assesshudém¢af-feeding damage, whereas
both additive genetic effects and dominance wegaifgtant when it was based on
assessments of larval growth rate (Scott & DavB&781 Williams et al, 1978;
Williams & Davis, 1989). Selection for resistanee ihsects in maize is practiced
routinely by breeders but is seldom the primaryt trathe selection process. When
resistance to insects is the primary selectiort, t@bgress is usually made at the
expense of other agronomic traits (Widstretal.,1993).

Due to poor local adaptation, particularly to drougonditions, the Mississippi and
Mexico genotypes could not be used directly in ld/lsombinations (van Rensburg,
1997). This necessitated a recurrent selection rarome for introgression of
resistance (Figure 3) into locally adapted, susbleptbreeding material. Van
Rensburg and Gevers (1993), and Andre et al. (20838)rted on inheritance of



resistance. Until the initiation of this study, istant genotypes from both Mississippi

and Mexico were used indiscriminately as donor prévan Rensburg & Klopper,
2004).

Figure 3. Difference in the incidence of leaf fimgddamage and stunting between a
resistant selection (left) and a susceptible stahffegght) (van Rensburg & Klopper,
2004).

Due to the resistance being additively inheriteatious levels of resistance can be
obtained by selective crossing of resistant andeqigle parents in three-way hybrid
combinations (van Rensburg, 1997). This may semerdduce vyield losses

considerably. A theoretical resistance level ofyd2$% may potentially increase the
economic threshold for chemical control to sucleatent that insecticide use can be

reduced significantly.

2.17.2 Genetically modified maize

Using modern DNA technology, transgenes derivednfrihe entomopathogenic
bacteriumBacillus thuringiensiBerlinerhave been used modify maize plants (Bt-

maize). These genes encode for the productionatéipis toxic to Lepidoptera larvae

(Venette et al, 2000). The prerequisites for susceptibility in @msect are the



presence of the right type of proteolitic enzymssall as a pH of 9 to 10.5 in the
intestine (du Toit, 1995).

This means that toxic proteins producedyhuringiensisare highly specific in their
action and will not be harmful to natural enemiegst@ humans if ingested (van
Rensburg, 2007). Prior to 1994, microbial preparstof B. thuringiensisapplied as
spray formulations, had been in use for decadesowit substantial resistance
developing in field populations of insects (Tabakhh994). The diamondback moth,
Plutella xylostella (Linnaeus) (Lepidoptera: Plutellidae) was the oirgect to
eventually develop resistance to Bt applied a®pdsticide (Ferre & Van Rie, 2002).
However, five of 10 species of moths representiegfamilies Noctuidae, Plutellidae
and Pyralidae, selected with Bt under laboratonyddtmns, developed more than a
10-fold resistance, suggesting that the abilitgvolve resistance to Bt is a common
phenomenon among the Lepidoptera (Tabashnik, 19Rdgent laboratory studies
have shown that this ability to develop resistatzeBt applies to some major
agricultural pest species, including the Europeamn borer,O. nubilalis(Chaufauxet
al., 2001), the pink bollwormPectinophora gossypielgsaunders) (Tabashné al.,
2002) and the bollworrhlelicoverpa armigergHubner) (Tabashnikt al.,2003).

More than 62 million ha of genetically engineeredcBops were planted worldwide
between 1996 and 2002, and some pest populatienthas considered to be under
pronounced selection pressure to evolve resistgfi@dashnik et al., 2003).
Resistance monitoring of field populations of tte@lMsorm H. armigerain China,0.
nubilalis andH. zeain the United States, in regions with high adaptad Bt-crops
has however not as yet detected increases inamsestfrequency (Wet al., 2002;
Tabashniket al., 2003; Stodolaet al., 2006). This is attributed to the high-
dosage/refuge strategy adopted in the USA to deday resistance to Bt-crops, which
involves the use of refuges of non-Bt host plaotemsure survival of susceptible
individuals (Tabashnilet al.,2003).

During the testing of experimental Bt-events fontrol of the South African stem
borer complex, which commenced in 1984, fuscawas shown to be more tolerant to
a specific event than the spotted stem b@repartellus(van Rensburg, 1999). The

first Bt-transgenic hybrids all employed the evévibn810 and were grown on



approximately 50 000 ha during the 1998/99 groveiegson. No leaf feeding damage
was observed during the vegetative growth stagesynof the plantings. At harvest
of the 1999 crop, diapause larvae and damage ttotier stems were noticed at a
number of localities, involving various hybrids. BBequent studies indicated a
window of approximately 14 days in the period imma¢ely before and after tasseling
in which relatively late infestations may result increased larval survival on Bt-
maize (van Rensburg, 2001). This was attributethteae feeding on the silks, of
which high water content contributes to a reducedcentration of the Bt-protein,
allowing survival of some larvae until completiori the first two instars, and
subsequent successful penetration of the stemsndthie 2004/ 05 season severe
damage to Bt-plantings was causedBoyfuscaduring the vegetative stages of plant
development, which was eventually attributed todbeelopment of insect resistance

to the Bt-toxin (van Rensburg, 2007).

The possibility that locally developed inbred lingish conventional resistance could
be deployed in crosses with Bt-transgenic matesa measure to prevent stem borer

populations from developing resistance to the BRirtodeserves further investigation.
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CHAPTER 3

OPTIMISING DONOR SELECTION FOR IMPROVEMENT OF
SUSCEPTIBLE BREEDING MATERIAL

Introduction

Van Rensburg & Malan (1990) found that some MiggEsnbred lines derived from
the Caribbean population Antigua group 2 that hadnbdeveloped for multiple
resistance to the south-western corn bdbeiraea grandiosellgDyar) and the fall
armyworm Spodoptera frugiperdgSmith) (Davis, 1989) expressed high levels of
resistance tdB. fusca(van Rensburg & Malan, 1990). Some CIMMYT breeding
material developed in Mexico for subtropical regaiso appeared to offer promise
againstB. fuscafrom the antibiosis viewpoint (van Rensburg, 1998ince these
resistance sources are not adapted to South Afdoaditions (van Rensburg, 1996;
1997), the resistance had to be introgressed oually adapted breeding material.
The resistance in the Mississippi lines was shawbet additively inherited with low
dominance (van Rensburg & Gevers, 1993). Using isig®pi and CIMMYT inbred
lines as donor parents in a recurrent selectiograrame, locally adapted inbred lines
with high levels of resistance were eventually astal (van Rensburg & Klopper,
2004). From this work, it appeared that combinirglity for resistance differs
between heterotic groups, and that susceptible efiaterial does not necessarily
respond similarly in crosses with sources of rasis¢ from different genetic

backgrounds.

The development of conventional resistance wapssii worldwide by advances in
DNA technology, providing transgenes encodingBacillus thuringiensigoxins (Bt

maize). Deployed commercially for the first timeSouth Africa during 1998, the use
of Bt-hybrids increased to 35% of the national cho2006 (James, 2006). In South
Africa this culminated in the development of inseesistance to the Cry | Ab toxin
(van Rensburg, 2007), which warrants further ingesion into conventional

resistance sources and the possibility of usingyentional resistance in combination
with GMO technology to obtain durable plant resisen The cost of Bt seed is also

prohibitive to the small farming community for whoronventional resistance could



still present a viable option. The objective ofsttstudy was to determine which
combinations of resistant sources with local eitisceptible material could provide

the best expression of resistance.

Material and Methods

A first cycle of crossing involved various combiioais of susceptible and resistant
inbred lines. The inbred lines and their derivadi@re provided in Table 1 and the
resultant crosses in Table 2. To facilitate intetgtion crosses are shown with
resistant parents listed in the first position. té&Nehat this does not necessarily
correspond with the direction of crossing. Fivescaptible and six resistant lines
were crossed in all possible combinations to ob8&lirsemi-resistant single crosses
with various resistance levels. To serve as @sigtandards, various resistant lines
were crossed to obtain four resistant crosses. r Bogceptible standards were
obtained by selective crossing of six susceptillesl Although closely related and
equally resistant t8. fuscathree Mississippi inbreds (Mp designation) wergduded
as resistant parents, based on their resistant@atdeeding damage and assuming
that different susceptible genotypes do not beregfitally from the same resistant
donor. Other resistant sources were from MexicMI(CL39) and Tifton, Georgia
(GT designation), the latter chosen for resistaiocear damage rather than to leaf
feeding damage. The inbred lines 1137TN and F28&34Trepresentative of the major
South African heterotic groups | and F respective@ich are prominent in local
yellow maize breeding programmes. R2565Y is a modkerivative of 1137TN.
The other inbred lines constitute elite material OBA origin representing the two
heteroticgroups Reid and Lancaster. The crosses wmde at the Burgershall
experiment station near Hazyview, a frost-free areghe Mpumalanga Lowveld,

during the winter of 2004.

The second cycle of crosses comprised the aboga@& crosses (Table 2) that were
crossed selectively in various combinations witke thtention to obtain different
resistance levels in various genetic backgroundsyiging a total of 431 double
crosses. For evaluation purposes two commercig@eriaybrids were included as
susceptible standards. Evaluation for resistanogpcised two field experiments (one

each for single and double crosses) conductedtaxeseasons at Potchefstroom (46



43'S, 27 06’E) in the Northwest Province of Southida. The trial lay-out was
randomsied block designs with three replications genotype during each season.
Each plot consisted of three 5m rows with an imtev-spacing of 1.5m to prevent
larval movement between rows. Trials were plartgdand during mid-November
with two seeds sown per hill. Plants were thinhgdand to ensure a uniform plant
population of 20 plants per 5m. Fertilizer (3:2m3s broadcast at a rate of 200 kg /
ha before planting. Irrigation was applied immeelia after planting and during
flowering to ensure proper emergence and pollinati®lants were otherwise grown
under dry land conditions with the exception th&men of irrigation was applied

when plant stress was noticed.

Neonate larvae oB. fuscaused for artificial infestation were obtained from
laboratory colony derived from winter collected phaise larvae in accordance with
methods described by Van Rensburg and Van Rength@88). Two rows per plot
were artificially infested with 10 neonate larvaasr plant four weeks after emergence,
using a ‘bazooka’ dispenser (Wiseman, Davis & Caslipii980). The remaining
row was treated twice at two-weekly intervals watidosulfan 35 ec at a rate of 227g
a.i.ha" to prevent possible natural infestation. Threekseafter artificial infestation
all plants in one infested row were rated on aesochll-4 for leaf feeding injury (1 =
undamaged; 4 = severely damaged). Frequencigdaafs in each category of
damage were used to calculate reciprocal indicedtatk (R.I.A.) for each genotype
(Hanuss, Stelzer, Nietzke, Steudel, Warmbrun & \&fe$sy 1968) using the model
R.IA. = (f1 + 0.8 f2 + 05 f3 + 0.2 f4)/ (f1 + f2 f3 + f4) where f1 to f4 =
frequencies of plants in each category. Despitdaraie stand losses experienced
with some entries, at least 12 plants per genotypee available for leaf damage
ratings. Plants in one infested row were disseeted the numbers of surviving
larvae recorded. The total number of survivingydar was divided by the number of

plants sampled per row to obtain the mean numblerede per plant.

At harvest plants of infested rows were split loadinally to record the number of
damaged internodes. The total number of damagedhivdes per row was divided
by the number of plants sampled per row to obtha hean number of damaged
internodes per plant. Ear numbers were recorddek number of damaged ears was

divided by the total number of ears per row to obtae mean percentage damaged



ears. Ears were also rated for damage on a stdlel das for leaf feeding damage
above). Plant height (a sensitive measure of ptibdéy to internal damage) of both

infested and uninfested rows was recorded, meagtnam ground level to the base
of the flag leaf. Plant height reduction in teraighe uninfested row was calculated.
Grain yield data were recorded separately for teftsand uninfested rows. Yield
data were converted to t.ha-1 and adjusted totthrelard of 12.5% moisture content.

Yield loss in terms of the uninfested rows was walkaied.

The data for single crosses (trial 1) were subgkdte factorial analyses, using
genotypes as factor 1 and infestation as factoData pertaining to double crosses
(trial 2) were subjected to principal component lgsia (PCA), assessing the
importance of the different variables measured xplan multivariate variation
(Upadhyaya et al., 2004). PC analyses were pedorosing Number Cruncher
Statistical System, NCSS 2000 (Hintze, 1998).

Results and Discussion

Single crosses

The factorial analyses pertaining to each of thghtevariables measured for single
crosses are provided in Table 3. Based on maiectsff infestation had highly
significant effects on those variables related e tegetative stages of plant
development viz. incidence of leaf feeding daméaeal survival and the incidence
of stem damage. With the exception of ear damagfestation did not have
significant effects on any variable relating to theproductive stages of plant
development. In contrast entries as main effeiteréid significantly with regard to
those variables relating to the reproductive stajgsant development viz. incidence
of ear damage, levels of ear damage, ear numbersg, leight and grain yield. No
entry differences were recorded for variables mjptto the vegetative stages.
Furthermore, none of the interactions was sigmificaindicating that entries
responded similarly to infestation. The resuldifficult to explain in view of the
historical background of the resistant parents.ththe exception of GT-FAW that
had been developed as a source of resistance tdagaage the Mississippi and
CIMMYT material are all sources of resistance taf leeding damage, which should
have resulted in crosses being more responsive atnage caused during the

vegetative stages.



Entries as main effect is provided in Table 4. eéNibtat some variables (plant height,
ear numbers and grain yield) when presented as mtigctts are indicative of
heterotic patterns rather than resistance levelir these variables interactions
(differences between infested and uninfested) ameermeaningful. For the other
variables resistant cross Mp706 x Mp704 providesl tighest level of resistance
when based on larval survival and the incidencganfiaged ears whereas the resistant
cross CML139 x Mp706 provided the highest resistamthen based on internal stem
damage. For crosses between resistant and sudegmpirents the highest levels of
resistance were obtained with Mp706, Mp707 and CB84Jall of which seemed to
combine favorably with susceptible parents 1137 H8834T and Mol7. The cross
[137TN x Mp706 rated notably high (compared to s&sit crosses) for most
variables. In general the Georgia lines, GT-FAWparticular, did not provide for
particularly high levels of resistance. As expdcseisceptible crosses, e.g. B73 x
F2834T and F2834T x 1137TN tended to rank lowestsistance. However, some
exceptions occurred, e.g. Mol7 x B73 showed a Iogidence of damaged ears.
Infestation as main effect is provided in Table Based on confidence intervals
infestation had a significant effect for all eightriables measured, despite non-
significant F-values indicated for some variableghe factorial analyses (Table 3).
Interaction data on the eight variables are pravide Table 6. Note that the
uninfested category is not meaningful for somealdéds due to zero figures, whereas
for others only the difference between infested anthfested is meaningful. The
interaction table is therefore presented showiny tive infested category, except for
ear numbers, plant height and grain yield where réguctions in terms of the

uninfested were calculated as percentages.

With regard to the vegetative stages of plant dgrekent, only three entries showed a
pronounced reduction in the incidence of leaf fegdlamage viz. the resistant cross
[1137TN x Mo706 as well as crosses Mp706 x 1137Tid BMp704 x R2565Y. Most

damage was observed for two susceptible standandisveo crosses involving the

GT-lines. Only limited differences in larval swal were observed between entries,
with one susceptible cross and two semi-resistesgses showing increased larval
survival. The data on the incidence of stem dansgeved some inconsistencies.

Reduced injury occurred in all crosses involving™p and Mp706 as well as in two



resistant crosses. However, less damage wadestéor two of the four susceptible

standards.

The results pertaining to the reproductive staggsant development were clouded
by discrepancies. Reduced ear damage was recfundéalee resistant crosses and all
crosses involving Mp 704 and Mp706. However, reduear damage also occurred
in two of the four susceptible standards. Similaldyels of ear damage as indicated
by R.I. A. were notably reduced in only one of thar resistant crosses whereas ear
numbers were not significantly reduced in two c& four susceptible standards. It
should be noted however, that ear injury was notiqudarly severe due to the
relatively early time of infestation. With latef@station (closer to tasseling) injury
levels in susceptible genotypes may approach vadgdew as 0.2 (Van Rensburg,
1998). Plant height reduction is a sensitive measf genotype susceptibility.
However, in this study plant height was not sigrafitly reduced in three of the four
susceptible standards whereas the highest redscti@re recorded with crosses
involving Mp706 and CML 139. Similarly yield losse€aused by infestation were

notably high in two resistant crosses but in onig suscesptible cross.

Double crosses

Principle component analysis for double crossegrivided in Table 7. Principle
component 1 (PC1) declared 32.89% of the variaaow PC2 24.07% of the
remaining variation. Plant height reduction anel itticidence of damaged internodes
were identified as the variables providing the legthcorrelations. A plot of PC2 on
PC1 is provided in Fig. 1. Quadrant A presents [dant height reduction in
combination with low stem damage, therefore demgotive most resistant entries.
Quadrant B presents a combination of high planghtereduction and low stem
damage, therefore denoting intermediate resistantdee most susceptible entries are
indicated by quadrant C, presenting a combinationigh plant height reduction and
high stem damage. Entries of similar resistanaesification should therefore group
together. However, in this study no cluster ocedirand most entries (including the

susceptible standards) tended to centre arounakitgfie.



Conclusions

In single crosses between resistant and susceftibkxling material, resistant lines
Mp704 and Mp706, particularly the combination Mp30B.37TN seemed to provide
particularly high levels of resistance. Howevag study did not successfully identify
which resistance source should be used in combmatith which heterotic group,
neither did resistance derived from different sear¢eg. Mississippi and Georgia)
seem to compliment each other to the effect thateased resistance levels were

obtained if resistance to leaf feeding damage andl@mage were combined.

With double crosses no pattern could be observaditidicated crosses comprising
more than one resistant parent to be more resisiant those in which only one
resistant parent featured, whereas variance irsteesie did not seem to relate to
heterotic patterns. Van Rensburg (1997) succdgsfilitained different levels of
resistance in three-way hybrid combinations. fassible that a more comprehensive
result could have been obtained in this study #leations were based on either three-
way hybrids or on segregating progenies as wasestigd by Andret al.2003.



Table 3.1Genotypes used in single crosses and their demsat

Genotype Derivation Resistance
designation

1137TN Teko Yellow x Natal Yellow Horsetooth S

R2565Y Capture of 1137TN x L16 backcross S

B73 lowa Stiff Stalk Synthetic S

Mol7 187-2 x C103 S

F2834T Teko Yellow S

D940Y* [BOGOW(A166N x B556Y - B559Y)] B557Y S

Mp706 Mp SWCB-4(1) R

Mp707 Mp SWCB-4(1) R

Mp 704 Mp SWCB-4(1) R

CML139 Antigua Gp2 R

GT-FAW Mexican, Caribbean & Brazilian background R

GT115 DSSynA (C3) R

*Used in one susceptible cross only




Table 3.2 Single crosses evaluated in this study

No

Entry

No

Entry

Resistant x Susceptible

Resistant x Susceptible

1 | Mp706 x I137TN 21 | Mp707 x 1137TN

2 | Mp706 x R2565 22 | Mp707 x R2565"

3 | Mp706 x B73 23 Mp707 x B73

4 | Mp706 x Mo17 24 Mp707 x Mo17

5 | Mp706 x F2834T 25 Mp707 x F2834T
6 | Mp704 x I137TN 26| GT115 x I1137TN
7 | Mp704 x R2565 27 | GT115 x R2565

8 | Mp704 x B7: 28 | GT115 x B7:

9 | Mp704 x Mo17 29| GT115 x Mo17
10 | Mp704 x F2834T 30 GT115 x F2834T
11 | CML139 x I1137TN Resistant X Resistant
12 | CML139 x R2565Y 31 Mp704 x MP706
13 | CML139 x B73 32 Mp707 x CML139

[EY
SN

CML139 x Mo1:

33

GT115 x Mp70.

15 | CML139 x F2834 34 | CML139 x Mp70t

16 | GT-FAW x I1137TN Susceptible x Susceptible
17 | GT-FAW x R2565Y 35 F2834T x I1137TN

18 | GT-FAW x B73 36| Mol7 xB73

19 | GT-FAW x Mol7 37| D940Y x R2565Y

20 | GT-FAW x F2834T 3§ B73 x F2834T




Table 3.3Factorial analyses for each of eight variablegjlsicrosses, trial 1.

Variable Source F P
Leaf feeding Entries 1.35 0.109
damage (R.I.A.) | Infestatior | 374.62 | <0.000:
Interactior 1.3 | 0.109:
Surviving Entries 0.93] 0.588
larvae / plant Infestation| 78.72| <0.0001
Interaction| 0.93| 0.588¢
Ear damage Entries 1.70 0.0140
(R.LA) Infestatior 6.9C| 0.009¢
Interactior 1.05| 0.399¢
Numbers of Entries 1.67 0.0171
ears / plant Infestation 0.06] 0.8082
Interaction 0.83| 0.7404
Numbers of Entries 1.27 0.1579
damaged Infestation| 318.57| <0.0001
internodes / plant Interactiot 1.27| 0.157¢
Damaged ea Entries 1.45 ] 0.064(
(%) Infestation 2.13| 0.1463
Interaction 0.82| 0.7569
Plant height (cm) Entries 6.24 <0.0001
Infestation 0.66| 0.4176
Interaction 0.66| 0.9266
Grain yielc Entries 1.7z 0.012¢
(t ha') Infestatior 0.11| 0.740(
Interaction 1.07| 0.3804




Table 3.4Entries as main effect (averaged over infestdéuals)

Entries RIA Surv Dam Dam RIA Ear Plant Grain
leaves | larvae | intern ears ears numbers | height yield

Mp706 x I1137TN 0.965a | 0.018c| 0.232b 4.844c| 0.988a  1.382h 197.23b.6408
Mp706 x R2565Y 0.938a | 0.038b| 0.338b 8.377h 0.98la  1.464k 179.85h.6838
Mp706 x B73 0.897t | 0.042t | 0.416t | 5.288 0.989: | 1.213t 197.114 5.951:
Mp706 x Mol17 0.929a | 0.009c| 0.277b 3.936¢] 0.992a  1.225k 161.086375ab
Mp706 x F2834T 0.896b | 0.008c| 0.269b 5.663c 0.98%9a 1.2304 187.22h.5864
Mp704 x 1137TN 0.935a | 0.049b| 0.324b 4.543¢ 0.991a  1.583k 197.98a.68258
Mp704 x R2565Y 0.971a | 0.043b| 0.352b 10.56h 0.966a 1.576h 176.72b.5418
Mp704 x B73 0.892b | 0.024b| 0.443b 4.285¢c 0.990a 1.660KQ 199.98a.3958
Mp704 x Mol17 0.903b | 0.027b| 0.449b 3.813c] 0.992a 1.548H 191.47h.0606
Mp704 x F2834T 0.915b | 0.033b| 0.446b 8.266b 0.983a  1.322h 185.70b.5858
CML139 x 1137TN 0.915b | 0.116a| 0.571ah 15.982a 0.96la 1.208p 134.4®:611b
CML139 x R2565Y 0.934a | 0.038b| 0.467b 9.572h 0.98la 1.7033 195.53h.3138&
CML139 x B73 0.892b | 0.014c| 0.313b 6.167c 0.988a  1.8494 185.59h.8618
CML139 x Mo17 0.926a | 0.037b| 0.231b 11.220b 0.976a  1.516k 186.556.648a
CML139 x F2834T 0.934¢ | 0.084¢ | 0.619: 5.098¢ 0.975: | 1.416t 197.43! 6.020:
GT-FAW x1137TN 0.902b | 0.055b| 0.438b 10.888b 0.969b  1.465h 202.186.142a
GT-FAW x R2565Y | 0.901b | 0.061a| 0.756a 7.6724 0.979a  1.543\ 213.22a.081%
GT-FAW x B73 0.899b | 0.035b| 0.645a 8.880h 0.980a  1.350k 182.47h.21456
GT-FAW x Mo17 0.827b | 0.073a| 0.698a 15.133a 0.954b  1.459h 171.320.435a
GT-FAW x F2834T 0.922a | 0.028b| 0.315b 8.747h 0.980a  1.210k 189.21h.7974
Mp707 x I1137TN 0.915b | 0.014c| 0.422b 8.514b 0.978a  1.286H 157.288c764b
Mp707 x R2565Y 0.915b | 0.052b| 0.806a 13.066b 0.959b  1.303k 187.436.883a
Mp707 x B73 0.903b | 0.001c| 0.671a 18.445a 0.94/b  1.979¢ 147.1146340b
Mp707 x Mol17 0.903b | 0.040b| 0.407b 13.643p 0.969b  1.299h 176.934.253b
Mp707 x F2834T 0.914b | 0.036b| 0.452b 7.051h| 0.984a 1.343H 159.668992b
GT115 x I137TN 0.911b | 0.044b| 0.359b 6.160c 0.982a 1.373h 152.908831b
GT115 x R2565Y 0.871b | 0.011c| 0.446b 12.538a 0.97lb 1.567h 189.626.291b
GT115 x B73 0.887b | 0.022c| 0.414b 4.733c 0.991a  1.480KQ 180.42h.3616
GT115 x Mo17 0.881t | 0.020¢ | 0.574al | 5.447« 0.985: | 1.355t 163.94| 4.7861L
GT115 x F2834T 0.901b | 0.010c| 0.512b 17.562a 0.955c  1.393hK 165.444.675b
Mp704 x MP706 0.930a | 0.056b| 0.328b 3.000c] 0.994a 1.138g 140.75B843c
Mp707 x CML139 0.920b | 0.042b| 0.525b 11.657b 0.969b 1.667db 146.436.339a/b
GT115 x Mp704 0.926a | 0.072a| 0.893a 15.327a 0.966b 1.579b 153.88b667b
CML139 x Mp706 0.983a | 0.016c| 0.031c 6.845¢ 0.955b  1.231h 161.676c148b
F2834T x 1137TN 0.862b | 0.095a| 0.841a 7.4254 0.983a  1.412k 195.88h.797&
Mo17 x B73 0.889t | 0.046t | 0.461t | 3.666¢ 0.978: | 1.415t 189.071 5.775¢
D940Y x R2565Y 0.911b | 0.072a] 0.501b 14.351b  0.958b  1.686ab 204.816.650a
B73 x F2834T 0.799c | 0.019c| 0.480b 14.405pb 0.968b  1.321K 153.124.838b

Means within columns followed by different letteliffer at P=0.05 according to confidence intervals

Table 3.5Infestation as main effect (averaged over entries)

Variable Infested | Not infested
Surviving larvae / plant 0.078a 0.001b
RIA ears 0.817a 1.0b
Damaged internodes / plaht 0.932a 0.001b
Damaged ears (%) 9.873a 8.168b
RIA ear 0.972; 0.983t

Ear number / plant 1.435a 1.447b
Plant height (cm) 176.871a 178.985b
Grain yield (t ha) 5.374a 5.303b

Means within columns followed by different letteliffer at P=0.05 according to confidence intervals




Table 3.6Interactions (shown for uninfested only or as Yaucdns in terms of the
uninfested sub-treatment).

Entries Surv RIA Dam Dam RIA Earno | P height | Y loss
larvae | leaves | Intern | Ears ears red (%) | red (%) | (%)

1 | Mp706 x I137TN 0.035a 0.930a 0.46B8c  6.790c 829 8.9b 0.0c 11.13
2 | Mp706 x R2565Y 0.073a 0.876b 0.67bc  8.981c 7&b9 16.8a 7.7a 22.68
3 | Mp706 x B73 0.0853 0.795p 0.832c  7.576c 0.9858.0c 0.0c 8.6b)
4 | Mp 706 x Mol17 0.017a 0.859b 0.558c 5.911c &98 0.0c 2.7b 15.13
5 | Mp706 x F2834T 0.015a 0.793b  0.538c  3.548c993n| 0.0c 17.2a 0.0
6 Mp704 xI137TN 0.0974 0.870b 0.64fc 5.199c 909 0.0c 0.0c 0.0g
7 | Mp704 x R2565Y 0.085a 0.94Za 0.701c 10.809c 6:96 0.0c 0.0c 0.5¢
8 | Mp704 x B73 0.047a 0.784b 0.885c  3.448c  0.9908.0c 0.0c 6.3b)
9 | Mp704 x Mo17 0.053a 0.806b 0.89fc  1.149c (9989.4b 2.4b 13.99
10 | Mp704 x F2834T 0.066a 0.830b 0.891c 11.597c 79 0.0c 2.0b 1.9¢
11 | CML139 x I1137TN 0.231h 0.829p 1.142b 19.048a948c | 17.7a 13.4a 28.3a
13 | CML139 x R2565Y | 0.075:¢ | 0.868t | 0.929¢ | 10.974: | 0.978t | 18.2¢ 0.0c¢ 12.6¢
14 | CML139 x B73 0.026a 0.784b 0.62bc  8.333c  Bn98 1.6c 8.5a 0.0g
15| CML139 x Mo17 0.0733 0.852b 0.460c  2.737c 909 0.0c 1.0b 0.0d
12 | CML139 x F2834T 0.167p 0.868b 1.23pb  3.2%2c984b | 0.0c 0.8b 0.0qg
16 | GT-FAW x1137TN | 0.1094 0.805p 0.874c  9.8438.969c| 7.1b 4.7b 0.0
17 | GT-FAW x R2565Y| 0.123a| 0.802h 1.512p 10.313c 0.967b  0.0¢ 7.7 0.0c
18 | GT-FAW x B73 0.069d 0.798b 1.290b  8.712c 0OF8 0.0c 9.7a 4.0b
19 | GT-FAW x Mol7 0.1459 0.655c  1.396b  23.355a (9R20.0c 4.7b 8.6b
20 | GT-FAW x F2834T | 0.054a 0.844b 0.63Dpc  5.673c984b| 0.0c 2.4b 3.8¢
25| Mp707 x 1137TN 0.026a 0.829p 0.84Bc  3.846c 929 0.0c 3.3b 0.0g
23 | Mp707 x R2565Y 0.1024 0.829b 1.61pa 15.825b 2894 1.5c 0.0c 0.0g
24 | Mp707 xB73 0.001a 0.806b 1.34lb 19.583a 0.93Z6.9a 0.0c 0.0c¢]
22 | Mp707 x Mol17 0.079a 0.807b 0.81Bc 12.000b 0.9686.0c 2.9b 0.0c¢]
21 | Mp707 x F2834T 0.071a 0.828b 0.9083c  6.189c 85m9 0.0c 0.0c 19.0g
30 | GT115x1137TN 0.088a 0.822b 0.71fc  7.692c 779 0.0c 2.5b 0.0g
28 | GT115 x R2565Y 0.020@ 0.742c 0.890c 16.149b 3296 5.0b 9.4a 7.71
29 | GT115xB73 0.042a 0.775b 0.82c  3.262c  0.9938.7b 0.0c 17.5a]
27 | GT115 x Mo17 0.040a2 0.761b 1.148b  6.944c  ®9770.0c 0.8c 0.0c|
26 | GT115 x F2834T 0.019a 0.802b 1.022b 20.4B9a 20.95 9.8b 1.9b 5.2h
31| Mp704 x MP706 0.1104 0.860b 0.656c  2.667c 5a9925.8a 2.7b 32.54
32 | Mp707 x CML139 0.084a 0.840b 1.04%b  7.953c 52c9 18.9a 0.0c 24.24
33 | GT115 x Mp70. 0.142: | 0.852t | 1.785¢ | 13.232i | 0.974« | 27.5¢ 0.0c 15.9¢
34 | CML139 x Mp706 0.031a 0.967a 0.06[lc  9.524c 24x9 0.0c 0.0c 0.0g
35| F2834T x 1137TN 0.188p 0.723c 1.68[la 14.850c 66b9 21.4a 0.0c 31.04
36 | MO17 xB73 0.0913 0.777b 0.920c  4.624c 0.977B.0c 0.7c 0.0c
37 | D940Y x R2565Y 0.144a 0.823b 1.00lb 12.906b @9616.0a 0.0c 7.71
38 | B73 x F2834 0.038: | 0.598( | 0.959 | 20.318i | 0.983( | 0.0c 5.6¢ 1.6¢

Means within columns followed by different letteliffer at P=0.05 according to confidence intervals



Table 3.7Principal component analysis of five variables@eing to 431 double

crosses.

Latent 1 2 3 4 5

roots 1.973 1.444 1.031 0.692 0.610

Percentage 1 2 3 4 5

Variation 32.89 24.07 17.18 11.53 10.17

Latent 1 2 3 4 5

Vectors

R.LA. leaves -0.4142 0.3813 0.2395 0.382¢ -0.68P6

Damaged internodes 0.6206 0.1686 0.1395 -0.04f71  3176.

R.LA. ears 0.2091 -0.5492 -0.2785 0.7514 -0.10P2

Yield loss -0.0179 -0.2382 0.8982 0.2073 0.3019

Pl height reductio -0.067¢ -0.657( 0.125¢ -0.493: -0.544¢
R.ILA. leaves| D internodes| R.l.A.ears Yield losg IPeight

Correlation matrix

R.L.A. leaves 1.000

Dam internode -0.26¢ 1.00(C

R.I.A. ears -0.297 0.080 1.000

Yield loss 0.032 -0.008 0.011 1.000

Pl height reduction -0.175 -0.118 0.237 0.173 1.000

P height R.LLA. leaves| D internode§ R.L.A.ears Yidloss

Principal components

Pcl -0.582 0.872 -0.025 -0.095 0.294

Pc2 0.458 0.203 -0.286 -0.790 -0.66!

Pc3 0.243 0.142 0.912 0.128 -0.283

Figure 3.1 The plot of PC2 on PC1 for five variables in 43iuble crosses
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CHAPTER 4

THE EFFECT OF PLANTING DATE ON GENOTYPE BY ENVIRONM ENT
INTERACTION FOR THE EXPRESSION OF STEM BORER RESIST ANCE

Introduction

From earlier work conducted under greenhouse dondifvan Rensburet al, 1995;
van Rensburg, 1998), it was observed that larvakeldpmental rate differed at
various times of the year. Greenhouse evaluationducted at different times of the
season in which only photoperiod varied indicateat tarvae developed faster during
a declining photoperiod than during an increasingtpperiod. This was never further
investigated, but similar observations were madevehere (Personal communication,
CIMMYT, Mexico). The question arose as to what ekteariation in planting date (a
common occurrence in South-Africa) could affect éx@ression of resistance. The
possibility exists that resistance may break dowsdew conditions of decreasing
photoperiod, which presents practical consequedcesg years when late spring
rains result in late planting. This became of jgattir importance in recent years due
to the availability of so-called super short sedsgrids which extends planting dates
to as late as mid-January for the western parthefproduction area. This study

investigated the effect of variation in plantingedan the expression of resistance.

Material and methods

A field trial consisting of five planting date tte@entsviz. 15 October, 30 October, 13
November, 27 November and 11 December was conduatedPotchefstroom
(46°43'S, 27°06'E, North-West Province, South Afyiduring the 2002/2003 planting
season. The lines, hybrid combinations and detgnasistance levels are provided
in Table 4.1. The entries comprised of three rastsand three susceptible lines as

well as a susceptible hybrid and two 50% resistargle cross hybrids.



Table 4.1 Experimental lines and maize hybrid combinatioesiveéd from crosses
between insect-susceptible (S) and insect-resi§nnbred lines

Entries Resistance
designation

Mp706 R

Mp704 R

CML139 R

P652¢ S

[137TN S

P28 S

1137TN x Mp706 SR

[137TN x CML139 SR

B73 x I137TN SS

The trial was conducted under dry-land conditiorseet for irrigation applications

made directly after sowing and during tasselinge Tilie plantings were done in the
same field using a randomised complete block desigh three replications per

genotype for each planting. Plots consisted ofethmavs 10m long with 1.5m row

spacing to avoid lateral movement of larvae betwesvs. The trial was planted by
hand with two kernels per hill and thinned aftereegence to obtain a uniform stand
of 20 plants per 10m. A 2m space separated pladates.

Neonate larvae oB. fuscaused for artificial infestation were obtained froan
laboratory colony derived from winter collected phaise larvae in accordance with
methods described by van Rensburg and van Ren§bh@8§). Plants in two rows per
plot were artificially infested with 10 to 12 nededarvae per plant five weeks after
plant emergence, which approximates early seasatisl@f natural infestation. One
row per plot served as an un-infested control, Keg# of natural infestation with

insecticide (beta-cyfluthrin) applied at fortnightlntervals during the vegetative
stages of plant development.

Leaf feeding damage was evaluated 14 days aftestation on a scale of 1-4 where 1
= no damage and 4 = severe damage. From the freiggesf plants in each category

reciprocal indices of attack (Hanustsal, 1968) were calculated for each genotype.



Plants in one row per plot were dissected. Numbérsurviving larvae and larval

mass were recorded.

Plant height (a sensitive measure of plant sudméptito internal damage) was

recorded at harvest, measured from ground levéheobase of the flag leaf. From
these measurements the percentage plant heighttimdwas calculated. Plants were
dissected and the incidence of internal damagesandamage recorded. Grain yield
was determined for all plants in both infested anthfested rows. Yield data were

adjusted to the standard of 12.5% moisture cortefuire conversion to t Ha

Data on leaf feeding damage, larval survival, lanaass and plant height reduction
were subjected to factorial analyses, using plgntiate as factor 1 and genotypes as
factor 2. Factorial analysis pertaining to dataimernal plant damage, ear damage

and grain yield involved infestation (infested met infested) as third factor.

Results and discussion

Data on leaf feeding damage are provided in Tal#le Phe resistant cross 1137TN X
Mp706 and the two resistant Mp lines suffered digaintly less damage than the
other entries. There was a tendency for later plgatto suffer less damage, but

entries did not respond equally, as indicated bysignificant interaction.

Data on larval survival are provided in Table 4S3gnificant differences were
observed with regard to both planting date andiestr The two resistant Mp lines
and the resistant crosses showed lower larval\glrwith a tendency for less larvae
to survive in later plantings. The interaction was$ significant, indicating that entries
responded similarly. The response was more prorezlmgth regard to larval mass
gain (Table 4.4). The three resistant lines antl bedistant crosses provided for much
reduced larval mass but all entries respondedailyilo planting date as indicated by
the non-significant interaction. Larval mass inseghdramatically in the last planting.
Plant height reduction (Table 4.5) was in accordanith data on larval survival and
mass gain with regard to both genotype differeranes planting date. Data confirm
less damage with later planting, but without a rcclpattern. Genotypes responded

similarly to planting date.



Data on internal plant damage are provided in Tdb#e All three main effects were
highly significant, with resistant entries consmlg suffering less damage than the
susceptible entries. Entries responded similarlypkanting date (interaction not
significant) but differently to infestation (as eqted). Infestation resulted in
significantly different levels of damage occurrimgdifferent plantings (interaction

significant), with the two latest plantings suffegisignificantly less damage.

The incidence of ear damage is provided in Talde l4. contrast to stem damage, ear
damage was more pronounced with later planting d&ateries responded similarly to
planting date, but not to infestation. The resistanss 1137TN x Mp706 suffered an
unexpectedly high incidence of ear damage in corsparo the resistant lines. Note
that ear damage would have had a more pronounéesct ef yield than stem damage

(known response).

Data on grain yield are provided in Table 4.8. Tiserved relationship between
yield and planting date is a known response foraitea, with mid-November being
optimal and later planting as a rule providing iidge yields. The value of plant
resistance in combination with good combining &pifor yield is indicated by the
superior yield performance of 1137TN x Mp706 congghto the susceptible cross
B73 x 1137TN, despite the former hybrid sufferingigher incidence of ear damage.

A further result was obtained by calculating yiédses in terms of the un-infested
sub-treatments (Table 4.9). Since the yield peréorce of inbred lines is not
meaningful in relation to that of crosses, theseukh be ignored since a small
guantitative loss reflects as a relatively largecprtage. Based on crosses only, losses
seemed to decrease with planting date until lateeNter. The increase with later
planting was possibly due to a breakdown of restsawhere direct ear damage is
concerned. This applies to both resistant and ptibte crosses as reflected in the

non-significant interaction.

It is concluded that the expression of resistanas swgnificantly affected by planting
date. The incidence of leaf feeding damage, intgrfaamt damage, larval survival and

plant height reduction decreased with an increasplanting date, whereas larval



mass and the incidence of ear damage increasedatéthplanting. The latter is a
common occurrence in commercial plantings, untilvnattributed to increased
infestation at late plant growth stages derivednfrthe greater magnitude of the
second seasonal moth flight (van Rensbetrgl, 1985; 1987). From this study it
appears that increased ear damage with later péantay result at least in part from
an increase in larval developmental rate as affielbyea decreasing photoperiod. The
result was, however, not of an order to be regaeded breakdown in plant resistance
since the resistant cross still managed to outdyitsl susceptible counterpart whereas

resistant and susceptible genotypes respondedagiyrtid planting date.

Table 4.2Incidence of leaf feeding damage 14 days aftdiciat infestation as
indicated by Reciprocal Indices of Attack (less dagmis closer to unity)

Entries Planting date Mean*
15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec

Mp706 0.54 0.68 0.56 0.88 0.65 0.66/ab

Mp704 0.55 0.76 0.65 0.89 0.70 0.71|a

CML139 0.52 0.6( 0.5€ 0.5% 0.54 0.55 «

P652¢ 0.52 0.5(C 0.52 0.7¢€ 0.6 0.59 |

[1137TN 0.53 0.53 0.50 0.56 0.64 0.55|c

P28 0.50 0.49 0.41 0.46 0.59 0.49/d

[137TN x Mp706 | 0.59 0.82 0.60 0.68 0.79 0.70 a

[1137TN x CML139| 0.51 0.68 0.54 0.56 0.80 0.62b

B73 x I1137TN 0.60 0.61 0.54 0.54 0.69 0.59 b

Mean* 0.54¢ |0.63t |054¢c |0.65al|0.67¢

Source F P

Planting date (a) 9.57 <0.0001

Entries (b) 7.43 <0.0001

Interaction (ax b) | 1.82 0.0150

*Means followed by different letters differ signéntly at P=0.05 according to confidence intervals



Table 4.3Surviving larvae per plaat recorded 14 days after artificial infestation

Entries Planting date Mean*
15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec

Mp70€ 2.0C 1.7C 2.02 0.5¢ 0.7¢ | 1.41 ¢

Mp704 1.13 1.27 1.8(C 0.3¢ 0.3€ | 0.99¢

CML139 2.00 1.58 1.77 1.73 2.18 1.85|c

P6528 3.36 2.47 2.39 0.93 1.383 2.09c

[1137TN 5.24 4.73 4.91 2.34 3.62 4.17|a

P28 3.90 6.00 6.23 3.68 410 4.78a

1137TN x Mp70¢ 1.27 1.27 3.5¢€ 0.72 1.6z | 1.68«

[137TN x CML13¢| 2.7: 2.3% 2.2¢ 1.2¢€ 1.57 | 2.03¢

B73 x I1137TN 3.15 3.42 5.05 1.12 2.2 2.99b

Mean* 275b| 2.75b| 3.33a 1l4lic 1.97c

Source F P

Planting date (a) 5.71 0.0004

Entries (b) 9.19 <0.0001

Interaction (axt | 0.47 0.990¢

*Means followed by different letters differ sigoéntly at P=0.05 according to confidence intervals

Table 4.4. Mean larval mass plaht(mg) as recorded 14 days after artificial
infestation

Entries Planting date Mean*

15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec
Mp706 1.41 0.80 1.95 0.25 3.05 1.49c
Mp704 0.70 0.42 1.44 0.13 0.87 0.71c
CML139 1.41 0.54 1.77 0.76 7.9 248 c
P652¢ 4.3: 1.0¢ 2.47 0.4¢ 18.7¢ | 5.421t
1137TN 9.3 3.28 10.8¢ 1.7¢ 24.7¢ | 9.99 ¢
P28 7.13 3.96 15.35 2.19 29.12 11.55a
1137TN x Mp706 0.85 0.49 4.25 1.46 6.64 2.74 c
[137TN x CML139| 2.11 0.86 2.48 0.66 8.59 294 c
B73 x 1137TN 4.16 1.76 7.41 0.79 15.20 5.87b
Mean* 3.49bc| 1.47c | 533b 094¢ 12.77a
Source F P
Planting date (G 6.3¢ <0.000:
Entries (b) 2.22 0.0330D

Interaction (ax b) | 0.46 0.9922

*Means followed by different letters differ sigoéntly at P=0.05 according to confidence intervals



Table 4.5Plant height reduction (%) as recorded at harvest

Entries Planting date Mean*
150ct| 30 0ct | 14 Nov| 28 Noy 12 Dec

Mp70€ 13.¢ 0.7 13.¢ 6.€ 8.C 8.8 de

Mp704 11.£ 1.C 2.€ 3.7 1.1 3.9¢

CML139 12.8 1.8 6.0 5.7 16.7 8.6 de

P6528 17.5 23.7 11.1 3.5 15.0 14.2/cd

[1137TN 27.2 25.8 30.6 18.5 23.8 25.2b

P28 41.9 17.0 44.7 23.4 26.2 30.6|a

1137TN x Mp70¢ 11.¢ 1.2 5.€ 6.4 8.2 6.7 de

[137TN x CML13¢| 15.€ 5.4 8.t 7.4 11.€ 9.8 ¢

B73 x I1137TN 15.9 15.9 21.2 15.6 159 16.9c

Mean* 18.7a] 10.3c| 16.0ab 10.1c| 14.2Db

Source F P

Planting date (a) 3.84 0.0064

Entries (b) 12.37 | <0.0001

Interaction (a x | 0.8¢ 0.682(

*Means followed by different letters differ sigoéntly at P=0.05 according to confidence intervals

Table 4.6.Damaged internodes per plastrecorded at harvest

Entries Planting date Mean*
15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec

Mp706 1.7 0.9 0.9 0.8 1.1 1.07b

Mp704 1.2 0.8 0.7 0.5 0.6/ 0.78a

CML139 0.€ 0.€ 0.¢ 0.¢ 1. [0.94¢

P652¢ 2.1 1.€ 2.1 0.7 0.6 |1.46¢

1137TN 2.3 2.3 2.7 1.8 1.4 21le

P28 2.5 2.3 2.1 1.9 1.5 2.06¢

1137TN x Mp706 1.4 1.0 1.2 1.2 1.3] 1.23p

[137TN x CML139| 1.5 1.0 0.9 1.2 09| 1.13b

B73 x 1137TN 1.7 1.3 1.7 0.9 1.1] 136¢c

Mean* 1.73¢| 1.35¢ | 1.46t | 1.11¢ | 1.09 «

Source F P

Planting date (a) 6.20 0.0001

Entries (b) 10.52 <0.0001

Infestation (c) 580.79<0.0001

Interaction (a x b) 0.88 0.6539

Interaction (a c) 3.1C | 0.017(

Interaction (b x ¢ 5.3¢ | <0.000:

*Means followed by different letters differ signéntly at P=0.05 according to confidence intervals



Table 4.7.Incidence of damaged ears (%) in lines and hybrids

Entries Planting date Mean*

15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec
Mp70€ 0.8 2.4 2.S 16.1 4.8 5421
Mp704 0.7 0.C 3.C 0.C 3.€ 1.45¢
CML139 3.9 3.3 1.3 2.1 1.7 2.46a
P6528 6.7 4.1 1.7 3.7 6.5 4.54 b
1137TN 7.1 6.4 5.5 15.9 5.5 8.08|b
P28 4.9 1.8 6.1 8.0 8.3 5.82| b
1137TN x Mp70t 8.7 13.€ 5.2 7.8 15.€ | 10.28 «
1137TN x CML13¢| 8.1 8.2 4. 13.7 8.2 8.64 (
B73 x 1137TN 4.4 6.4 10.4 8.7 13.4 8.67 c
Mean* 50la| 5.18a] 4.56a 845b 7.52b
Source F P
Planting date (a) 2.64 0.03%3
Entries (b) 3.81 0.0004
Infestation (c 88.0¢ | <0.000:
Interaction (a x | 0.91 0.610:"
Interaction (a x c) 2.55 0.0407
Interaction (b x c) 3.40 0.0012

*Means followed by different letters differ sigo#ntly at P=0.05 according to
confidence intervals

Table 4.8.Grain yield of lines and hybrids (t fin

Entries Planting date Mean*
150ct | 30 Oct | 14 Nov 28 Nov| 12 Dec

Mp706 1.670| 1.456 1.54( 1.360 0.646 1.334b

Mp704 0.703| 0.669| 0.992 0550 0.254 0.634a

CML139 1.423| 0.499| 0.977 0.73F 0.407 0.809a

P6528 0.933] 1.031 1.871 1.002 1.193 1.206Db

[1137TN 2.16¢ 2.94 1.681 | 2.29t | 2.42C | 2.300 ¢

pP2¢ 1.15¢ 1.05¢ 1.74¢ | 1.31z | 0.44( | 1.143 al

1137TN x Mp706 7.108| 7.752| 8.680 6.280 4.800 6024

[137TN x CML139| 5.492 | 5.065| 5.186 4.441 1.812 4.399e

B73 x I1137TN 3.508| 3.495| 3.265 3471 1240 2.996d

Mean 2.684 a 2.663a| 2.882a2.383b| 1.468 c

Source F P

Planting date (; 17.37% | <0.000:

Entries (b 133.6¢ | <0.000:

Infestation (c) 5.78 0.0173

Interaction (a x b) 2.75 <0.0001

Interaction (a x c) 2.83 0.0261

Interaction (b x c) 2.88 0.0049

*Means followed by different letters differ sigoéntly at P=0.05 according to confidence intervals



Table 4.9Yield losses (%) in terms of un-infested sub-imeats

Entries Planting date Mean*
15 Oct| 30 Oct | 14 Nov| 28 Nov| 12 Dec

Mp70¢€ 38.¢ 42.F 14.% 0 14.5 | 22.C

Mp704 24.¢ 0 20.7 0 32.z | 15.F

CML139 52.4 0 22.2 29.1 59.4 32.6

P6528 18.7 34.9 54.8 8.1 457 32.4

[1137TN 44.2 46.9 36.6 19.0 33.6 36.1

P28 61.7 45.6 94.2 20.5 75.9 59.6

[1137TN x Mp70t 8.44 1.4 0.C 0.C 23.5 | 6.7

137TN x CML13¢| 19.F 0.C 0.C 0.C 39.2 | 13.€

B73 x 1137TN 27.3 17.0 25.6 10.5 34.4 20.9

Mean* 32.9 20.9 29.9 9.7 39.8

Source F P

Planting date (a) 6.12  0.0002

Entries (b) 6.21| <0.0001

Interaction (a x | 1.0¢ | 0.377¢

*Means followed by different letters differ sigoéntly at P=0.05 according to confidence intervals
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CHAPTER 5

GENERAL CONCLUSIONS

Due to the polygenic nature of conventional plasistance to stem borers, it seems
feasible that it can be combined with GMO techngltoyavoid that insect
populations become resistant to the Bt-toxin degaioyn GM maize. Combining
ability for resistance possibly differs betweenehnetic groups, and susceptible elite
material does not necessarily respond similarigrasses with sources of resistance
from different genetic backgrounds. Although ttisdy confirmed high levels of
resistance in some resistance sources previoustyiosa resistance breeding
programme, neither single crosses nor double csdss®veen resistant and
susceptible genotypes could identify which resistasource should be used in
combination with which heterotic group, despite tise of eight measures of stem
borer injuriousness and a large number of crosdbamations. Future efforts should
rather be based on evaluations of resistance levelsgregating progenies of crosses

following one cycle of self pollination.

From earlier work conducted under greenhouse condiit was observed that larval
development rate possibly differs with differenae time of the year. This was
confirmed in the present study. The expressiorsiStance was significantly affected
by planting date. The incidence of damage to thgetative stages of plant
development decreased with an increase in pladtte, whereas larval mass and the
incidence of ear damage increased with later pigntintil now this has been
attributed to increased infestation at late planingh stages derived from the greater
magnitude of the second seasonal moth flight. Fitbie study it appears that
increased ear damage with later planting may resu#ast in part from an increase in
larval developmental rate as affected by a deamgaghotoperiod. The result has
application in resistance assessments. It indictitas evaluations of ear damage
should be regarded as high priority for genotypeth vghort season growing
requirements since these will necessarily be stibjelate planting and a consequent

increase in levels of infestation.



The resistant cross 1137TN x Mp706 and the twostast Mp lines suffered

significantly less damage than the other entridserd was a tendency for later
plantings to suffer less damage, but entries didrespond equally, as indicated by
the significant interaction. The value of plansistance in combination with good
combining ability for yield is indicated by the ®rmr yield performance of 1137TN

X Mp706 compared to the susceptible cross B73 XTN3 despite the former hybrid

suffering a higher incidence of ear damage. Basectrosses only, yield losses
seemed to decrease with planting date until lateeNer. The increase with later
planting was possibly due to a breakdown of restawhere direct ear damage is
concerned. This applies to both resistant and ptibte crosses as reflected in the

non-significant interaction.



CHAPTER 6

SUMMARY

Since conventional sources of resistance to sterardb@re not adapted to South
African conditions, resistance has to be introgrdsmto locally adapted breeding
material. Combining ability for resistance possidliffers between heterotic groups,
and susceptible elite material do not necessaebpand similarly in crosses with
sources of resistance from different genetic bamkgids. From earlier work
conducted under greenhouse conditions it was obdehat larval development rate
possibly differs with difference in time of the yedhe objective of this study was to
determine which combinations of resistant sourceth Wocal elite susceptible
material could provide the best expression of teste. Susceptible and resistant
lines were crossed in various combinations to abgami-resistant single and double
crosses with various resistance levels. These werepared to susceptible and
resistant standards in field trials. Plants wetdi@ally infested with neonate larvae.
Evaluations of leaf feeding damage, stem damagejaaage, plant height reduction
and grain yield were subjected to factorial analyssing planting date and infestation
as factors. Two resistant lines and one semi-gagisingle cross were identified that
seemed to provide particularly high levels of rnesise. However, the study did not
successfully identify which resistance source sthdug used in combination with
which heterotic group, neither did resistance daatifrom different sources seem to
compliment each other. Using principal componenalysis of data on double
crosses, no pattern could be observed that indicatsses comprising more than one
resistant parent to be more resistant than thosghich only one resistant parent
featured, whereas variance in resistance did reshge relate to heterotic patterns. A
further aspect of the study involved investigatiomo the effect of variance in
planting date on the expression of resistance.odarlines and hybrid combinations
with different resistance levels were evaluated field trial comprising five planting
date treatments and artificial infestation of ptantData were subjected to factorial
analysis as above. The expression of resistancesigiagicantly affected by planting
date. The incidence of leaf feeding damage, intgriaat damage, larval survival and
plant height reduction decreased with an increasplanting date, whereas larval

mass and the incidence of ear damage increasedatéhplanting. It appears that



increased ear damage with later planting may resu#tast in part from an increase in

larval development rate as affected by a decreasiogpperiod.

Keywords: Busseola fusganaize, plant resistance, stem borers



OPSOMMING

Konvensionele bronne van weerstand teen mieliesigpars is nie aangepas vir Suid-
Afrikaanse toestande nie en moet dus geintegreed woplaaslik aangepaste teel-
materiaal. Kombineervermoé vir weerstand verskilonttk tussen heterotiese
groepe, en vatbare elite materiaal reageer nieweodig eenders in kruisings met
bronne van weerstand van verskillende genetiesergighde nie. Uit vroeére werk
wat onder glashuistoestande gedoen is, is bevihdiddarwale ontwikkelingstempo
moontlik verskil met verskille in die tyd van diagr. Die doel van die studie was om
te bepaal watter kombinasies van weerstandsbronee plaaslike elite vatbare
materiaal die beste moontlike bestandheid kan lewéatbare en bestande lyne is
gekruis in verskillende kombinasies om semiweeddisedende enkel- en
dubbelkruisings met verskillende weerstandsvlakkeetkry. Die kruisings is in veld-
proewe vergelyk met vatbare en bestande standalatge is kunsmatig besmet met
pasuitgebroeide larwes.  Evaluasies van blaardéagkg, stamskade, kopskade,
planthoogteverskille en graanopbrengs is aan faldlmntledings onderwerp waar
plantdatum en infestasie as faktore gebruik iswed bestande lyne en een semi-
bestande enkelkruis is geiidentifiseer wat hoé kdakan weerstand gelewer het. Die
studie het egter nie suksesvol geiidentifiseer avatteerstandsbronne in watter
kombinasies met verskillende heterotiese groepeugemoet word nie. Dit het ook
nie kon bevestig dat weerstandsbronne uit veskideragtergronde mekaar
komplimenteer nie. Hoofkomponent analise van dia dé dubbelkruisings het geen
weerstandspatrone kon aantoon nie en kruisingsinvasger as een bestande ouer
gebruik is, het nie hoér weerstand gehad as kgssiaarin slegs een ouer gebruik is
nie. Variasie in weerstand het ook nie met hetesetipatrone verband gehou nie. ‘n
Verdere aspek van die studie het gehandel oorfidike ean variasie in plantdatum op
die uitdrukking van weerstand. Verskeie lyne entdresmbinasies met verskillende
weerstandsvlakke is ge-evalueer in ‘n veld-proe$tdende uit vyf plantdatum-
behandelings en kunsmatige besmetting van plaratta @ aan faktoriaalanalise soos
hierbo onderwerp. Weerstandsuitdrukking was betiskel deur plantdatumverskille
beiinvioed. Die insidensie van blaarbeskadigingwendige plantskade, larwale
oorlewing en planthoogteverskille het afgeneem ‘mé&tename in plantdatum, terwyl
larwale massa en die insidensie van kopbeskadigpegeneem het met latere

plantdatum. Dit wil voorkom asof toenemende kopekanet latere plantdatum



minstens ten dele deur ‘n toename in larwale orkelikgstempo in reaksie op ‘n

afnemende fotoperiode veroorsaak word.
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