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ABSTRACT

Crucifers form an important component of the likielbd of small-scale farmers in
East Africa but diamondback moth (DBM) pest conatrdheir production. Attempts to
control the pest by use of host plant resistand@RHhave been modest especially in
cultivars expressing a whitish appearance (normat Wwoom). Conversely, crucifers
characterized by their shiny dark green leaves 48fphave shown some resistance to
DBM. As a consequence, several seed companies cksiatance attributes in their
novel cultivars. Thus, this work sought to inveatey the effect of som8rassica
oleraceacultivars grown in Kenya on fecundity, developmant parasitism of DBM.
The performance of DBM was compared on seven euftiin both laboratory and
greenhouse trials. Laboratory investigations weyedacted on oviposition preference
(choice, no-choice) and survivorship of DBM on test cultivars and on the basis of
these data, life tables were constructed. Egg tdt adrvival, plant damage as well as
cultivar effect on parasitism byiadegma semiclausumere studied in a plastic house.
Leaf wax quantity and structure of the adaxial kaffaces were evaluated via scanning
electron microscopy (SEM). While DBM did not disoihate any of the test cultivars for
oviposition in the choice test, more eggs were taidhe cultivars “Collard Georgia” and
“Green Challenger” in the no-choice test. Besidks, pest tended to oviposit a higher
percent of its eggs away from the plant while pngbon “Green Challenger” in both the
choice and no - choice tests. Larval period wasentban a day longer on “Riana”
“Green Challenger” and “Thousand Head” than on f@lband “Collard Georgia” in the
laboratory trial, and larval survival on “Green QGeager” was greatly reduced. Pupal
weight of DBM raised on “Green Challenger” (4.3 mg) the Ilaboratory was
significantly lower (P<0.05) than on all cultivaegcept “Copenhagen Market” (4.6 mg).
Consequently there was a significantly lower (P§D.tecundity by DBM raised on
“Green Challenger” and “Copenhagen Market” thartranrest of the cultivars. Presence
of parasitoid caused a higher death of DBM larvaéThousand Head” than on “Blue
Dynasty” in the greenhouse. Consequently, moregpernparasitoids emerged on larvae
reared on “Blue Dynasty” than on the former. Theneproductive rate and the intrinsic
rate of population increase were lower on “Greemlléhger” and higher on “Thousand

Headed”, “Blue Dynasty” and “Riana”. In additiomet cultivars “Green Challenger” and

Vi



“Thousand Headed” had the highest (4263 + 312.3 ama) lowest (156@ 140.6 nm)
spaces between their wax crystals respectively.v€sely, the former had the least
density of wax crystals. Thus the pest resistartt@bates between cultivars tested
display only subtle differences, which can, nevadhs, be harnessed in integrated pest

control schemes against diamondback moth.

vii



TABLE OF CONTENTS

DECLARATION AND RECOMMENDATION .......uuiiiiiiiiiis ceviiieeesiiiee e e s sneeeeessnnneeee s i
D711 [ 2 1 [ N SRR il
COPYRIGHT PAGE......coii ittt e e enne e s eas iv
ACKNOWLEDGEMENTS ... .ottt ittt ee et et ee e sntee e e e e snneeas v
ABSTRACT ..ttt ettt e et e e e et san e e bbb e e e e es Vi
TABLE OF CONTENTS ..ottt ettt e et e e s attee e e e e st ee e e s naeeaenees viii
LIST OF FIGURES ... ..ottt snne e e Xiiixii
LIST OF PLATES .ottt ett et s e e e st ee e e e s s e annnnnee e e XivXiii
CHAPTER ONE ..ottt em ettt ettt e e et e e e e e snnee e e ssbeeeeeannees 1
INTRODUGCTION ...ttt ettt mmt ettt e e e et e e e bt e e enbe e e e s ennenes 1
1.1 IMPOrtance Of CrUCITRIS ... .. i eeeeee e 1
1.2 Production CONSIIAINTS..........ceiiii st eeeeee e et e e re e e e e 1
1.3  Statement of the problem ... 3
1.4 Justification of the StUdY ...........oo e 4
1.5 ODJECHIVES ..o 5
1.6 Hypotheses (NUIL) ... 6
1.7 Limitations of the StUY ... 6
CHAPTER TWO ..ottt sttt ettt ettt e nne e s es 7
LITERATURE REVIEW ..ottt eate ettt e sttee e e et ae e e 7
2.1 Diamondback moth origin, distribution and emoiic Status .............cccccvvvevennnnnes
2.2 GENETAI lIfE CYCIE . et 8
2.3 ECOIOQY Of DBM ... 11
2.4 Control measures againSt DBM...........ccccciiiiii e, 11
2.4.1  CUltural CONTIOL......eeeiiiiei e 11
2.4.2 Biological CONIOL.........cciiiiiiiiit e 14
2.4.3  INSECHCIURS... .o 18
2.4.4 Host plant resistance (HPR).........ccciiiiiie 21



2.4.5 Integrated pest management (IPM)....cccceeeeieiiiiiiiiiiiiieee e 22

25 Life tables. .. .. 22
CHAPTER THREE ... oottt e e e e emana e e e eee 24
MATERIALS AND METHODS ...t 24

3.1 Y LU0 Y] (= RPN 24
3.2 MALEIIAIS ... e 24
3.2.1 Plants (Cabbages and Kales).........cccceemieeiiiiirieiiineeie e 24
3.2.2 Diamondback moth laboratory CUtUres...............evvvveviviiiiiiiiiiiiiiiiiiiiininnen 26

3.3, BIO@SSAYS. .ot iiiiiiii et e 26

3.3.1 Effect of crucifer cultivars on ovipositiohPlutella

xylostellain thelaboratory ... e 26
3.3.2 Effect of crucifer cultivars on ovipositiamymber of larvae

surviving topupae and damage BYutella xylostellain the

OFEENNOUSE ...ttt aeeeaa ettt e ettt e ettt ettt e et e et et e e e eaaaaaaaaaaaaaaas 27

3.3.3 Effect of crucifer cultivars on larval sural and

development oPlutella xylostellain the laboratory ..............cooovvvviviit vommm e 30
3.3.4 Effect of the crucifer cultivars on larvdeRbutella xylostella........................... 30
surviving to pupae in the greenNOUSE....... oo eeeeeeeeeeiiiiiis e e 30

3.3.5 Effect of the crucifer cultivars on adulbgevity and

reproductive potential d®lutella xylostella..............cccooeeiiiie, 31
3.4 Construction Of Life table ............oiieeeeoiieiii e 31
3.5 Effect of crucifer cultivars on larval parasi of Plutella.......................c. 33

xylostellaby Diadegma semiclausum the greenhouse...........ccccccvvvvvvivennee. 33

3.6  Scanning electron microscopy (SEM) study efléaf

surfaces ofhe Crucifer CUltIVarS ..o 34
3.7 Statistical aNalySIS.........oooiiiiiiii e 34
CHAPTER FOURL ... ettt e e e e e e et e e e e e e e e e eraanaas 36
RESUL TS oo et e e ettt e e e et e e e e eeaa e e e eataaaaeeeeetan e eresannaaees 36



4.1 Effect of crucifer cultivars on oviposition Bfutella

xylostellain the 1aboratory ... s 36
4.2 Effect of crucifer cultivars on ovipositiomrae to pupae

and pupae to adult developmen®fdfitella xylostellain the

greenhouse and 0N damage INAICES .......uuuuiiiiiiir i 36
4.3 Effect of crucifer cultivars on larval and adigurvival and

development oPlutella xylostellain the laboratory ..............ccooevviiviit vommm e 38
4.4 Life table CONSLIUCLION ...........ooo i s 40
4.5 Effect of crucifer cultivars on adult longegvénd fecundity

of Plutella xylostellan the [aboratory................uuvveiveeiv e e 40
4.6 Effect of crucifer cultivars on parasitismRititella xylostella

by Diadegma semiclausum the greenhouse..........cccccceeeivi i evccee e, 42
4.7 Scanning electron microscopy (SEM) study efld#af surfaces

Of tNECTUCITEE CUITIVAIS ..ccvviie ettt e e e e e ae s 42
CHAPTER FIVE ..ottt e e s a e e e aann e e e eee 51
DISCUSSION ...t et e e e e et e e e e e e e e e eesa e e eenanmsan e eeeesnnaanes 51
51 Effect of crucifer cultivars on oviposition Bfutella

xylostellain the 1aboratory ... 51
5.2 Effect of crucifer cultivars on ovipositiondilarval survival

of Plutella xylostellain the greenhouse and on damage indices ................. 53
5.3 Effect of crucifer cultivars on larvae to pepand pupae to

adult development d?lutella xylostellain the laboratory and

(o [=T=T ] 0T 10 LS R PPPRRPRP 54
5.4 Effect of crucifer cultivars on adult longegvénd fecundity

of DBM in the laboratory...........oooooiiiice e, 55
55 Life table CONSIIUCTION ..........uueeiii ittt e e e e 56
5.6 Effect of crucifer cultivars on parasitismRititella xylostella

by Diadegma semiclausum the greenhouse...........ccccvvvvveviiiiimccee e, 58
5.7 Scanning electron microscopy (SEM) study efldaf surfaces

Of the CruCifer CUILIVArS ...........ooiiii i 59



CHAPTER SIX e 61

CONCLUSION AND RECOMMENDATION ...cceee e 61
6.1 (0F0] o o3 (11 o] o IFTTT TR 61
6.2 RECOMMEBNAALION ... e e et e e e e e e e e meaean e e e 61
REFERENCES. ... oottt e ettt e e e e e e e e e e e rneran e eeeeerenaens 63

Xi



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

LIST OF TABLES

Effect of crucifer cultivars on larvaepiapae and

pupae to adult developmentPiutella xylostellain the

[BDOIALONY ... ... 39

Effect of crucifer cultivars on ovipositidarvae to

pupae and pupae to adult developmerRlatella xylostella

in the greenhouse and on damage SCOres... .eeeeveeiiriniiiiinennenn.39

Jackknife estimates and respective stdretaors of the

POPUIALION PAraMELEIS. .. ...vie ittt e e e e e e e 41

Mean pupal weights, longevity and fecundftPlutella

xylostellaadults reared on different crucifer cultivars in

the 1aboratory. ... 41

Characteristics of leaf surface waxessweéns commercial

CIUCITEI CUIIVAIS ... e e e e e e e e e e e e 48

Effect of cultivars on parasitismRititella xylostellaby

Diadegma semiclausuim the greenhouse...............cocooiiinnnnn. 49

Xii



LIST OF FIGURES

Figure 4.1.  Eggs laid in 48 hours in choice (tapdl no choice (bottom)

experiments on commercial leafy and head crucifénears....... ....... 37

Figure. 4.2.  Effect of crucifer cultivars on egglarvae development

of Plutellaxylostellain the greenhouse..........cc.cooociiiii i, 45

Figure. 4.3.  Effect of doubling time (T) on intsio rate of natural

increase (rm) of diamondback moth in the labosator............. ...... 46

Figure. 4.4.  Effect of fecundity on intrinsic radenatural increase

(rm) of diamondback moth in the laboratory...............cccciviins 46

Figure.4. 5.  Effect of pupal weight on fecundifydeamondback

mMoth in the 1aboratory. ... ..o 4a7.....

Figure.4. 6. Effect of pupal weight on loxge and of diamondback

mMoth in the 1aboratory... ..., a7

Xiii



Plate 1.

Plate 2 .
Plate 3.

Plate 4.
Plate 5.

Plate 6.

Plate 7.

Plate 8:

Plate 8a.

Plate8b.

Plate 8c.

Plate 8d.
Plate 8e.

Plate 8f.

Plate 8g.

LIST OF PLATES

Life cycle of DBM (at ~25°C), showing dh&maging

Crucifer seeds germinating on seedlingtrathe

OFEENNOUSE . .. ...ttt ettt ettt e e et eeeeeeeeeeeeeeneeneseees 5.2
Four week old crucifer seedlings readyrmsplanting ..................25
Six- weeks old crucifer seedlings in 15diameter pots

ready for tralS. ... ..o 25
Cage set up for oviposition tests (a grahd for rearing of

Plutella xylostellalc and d) ..o 28
Cages set up in the greenhouse for oviposind larval

development tests #flutella xylostella..................cooeiiiiii i 29
Scanning electron micrographs of adaggfl $urfaces of

the teSt CUMLIVAIS. ... e 50
Dense rods and rodlets mixed with thatefgts on

Thousand Headed.............cc.oiiiiiiiiiii e 50
Irregular thin polygon crystallites mixedh transversely

ridged rods and rodlets on Collard Georgia............ «owmeceennn....50
large irregular platelates widely spdmgtcho rods on

Green Challenger.......cooi i e e 50
Dense platelet crystallites of variedpsisaon Riana........................ 50

Aggregated crystallite polygons of migkdpes on Blue

Sparse crystallite platelets of varteapges of smooth

edges on Copenhagen Market............ccoveiiiiii i i e e e, 50

Xiv



CHAPTER ONE

INTRODUCTION

1.1 Importance of crucifers

Crucifers, both wild and cultivated, are found the East and Southern Africa
region (ESA). The main cultivated species incluéad cabbageBfassica oleraced..
var capitata L.), rape Brassica carinatal. and B. napusL.), or leafy cabbage, kale
“Thousand HeadedB. oleraceaL. var. acephald, Chinese cabbag®(chinensid..),
cauliflower B. oleraceal. var. botrytis Alsmeer) and broccoliB. oleracealL. var.
italica) (Nyambo and Pekke, 1995). In Kenya, cabbage neagdten raw in salads or
cooked and is a source of vitamins for the produicand other consumers in the
marketing system. Kale on the other hand is consiti@ valuable relish in many
homesteads, providing necessary dietary vitamirts ramerals in a maize based diet.
Both cabbage and kale crops are a source of indontbe producers in rural and peri-
urban areas and all players in the marketing cHaithis regard, these crops serve twin
purposes of providing employment and helping a#levi poverty, an important
component of the United Nations Millennium Devel@nmnGoals (MDGS).

In the period 1999-2002, consumption of cabhagide country was estimated at
25g/person/day (Machariat al., 2005). Subsequently, FAO (2003) reported that an
estimated 18,000 ha of land was under cabbage my&with a yield of 15 tons/ha and

estimated a total production of 270 000 metric tons

1.2 Production constraints

The production of crucifers in the ESA region igeofconstrained by a wide range of
insect and disease pests. The diamondback moth jDBMella xylostella(L.), aphids,
Brevicoryne brassica¢., Lipaphis erysimi(Kaltenbach) andMyzus persicaé€Sulzer),
the webworm,Crocodinolomia binotalisZeller, the sawfly Athalia sp. and cutworms,
Agrotis spp, are the major insect pests (Varetaal 2003). However, DBM was
identified as the key pest of these crucifer cropg&astern and southern Africa in a
workshop conducted in 1995 (Nyambo and Pekke, 199B)s pest may cause a
complete loss of the crop (Madumadtual., 1991, Kibata, 1996) especially in the dry



season in spite of pesticide application (Herreth laohr, 2001). In the same workshop,
the pest status of cabbage aplBd,brassicaewas identified as an emerging threat to
Brassica crops in East Africa since its attackssoaiated with the transmission of the
tulip mosaic virus disease, which can be devagiaiinthe crop. Other pests limiting
production include diseases such as black Xahthomonas campestrg/ campestris
(Pammell) Dawson and downy mildeReronospora parasiticéPers.) Fr.

Diamondbackmoth is reported to be one of the most difficulgetble pests to
control worldwide (Talekar and Shelton, 1993). Ghercplants are normally attacked as
early as seedling stage, through to crop matunty severity depends on location and
season (Ramachandranhal., 2000). While early attacked cabbages may suffed@
loss due to failure to form heads, heavy perforaiio later stages may render them
unmarketable (ICIPE, 1997).

Synthetic pesticides have dominated the attertgptontrolP. xylostellain most
parts of the world in the last 50 years (Talekad &helton, 1993; Verkerk and Wright
1996). However, continued rate of pesticide restain the ESA region and in the
tropics as a whole has induced farmers to use tiogbx cocktails at dosages and
frequencies much higher than the recommended Ig@#dsnill and Pretorius, 1995;
Kibata, 1996; Machariat al.,2005). In Kenya alone, insecticides like organgpihates,
carbamates, and pyrethroids are no longer givifectfe control of DBM compared to
new products such as growth regulators, phenylzojea andt-aizawaiibased products
(Kibata, 1996). Machariat al (2005) also demonstrated that Karate 1.75EC (@amb
cyhalothrin), the most commonly used synthetic thyeds, was not only ineffective
against the DBM pest but also brought negative econ returns to the users. As a
consequence of pesticide overuse, negative impeacsts been realized (AyaleW003)
and this has aroused the interest in alternative@ pentrol methods, placing more
emphasis on biological control, host plant resista(HPR), cultural control and other
non-polluting methods (Linet al.,1986).

Biological control of DBM involving indigenous paioids on one hand and
entomopathogens associated with the pest on ther d¢ths yielded very low and
insignificant parasitism rates in East Africa. lexample, Oduoet al (1996) observed

that parasitoidsDiadegma mollipla(Holmgren) (Hymenoptera: Ichneumonidae) and



Oomyzus sokolowskiKurdjumov) (Hymenoptera, Eulophidae) could onffoed paltry
parasitism rates of below 15%. Entomopathogendermther hand, notabBoophthora
sp, granulosis virus and unidentified bacterialedse were recorded in Kenya and
Tanzania but their impact on DBM was well below @9@uoret al, 1996; Cherryet al,
2004a).

1.3 Statement of the problem

Diamondback moth is one major constraint to thelpetion of crucifers in the East
African region. While early attacked cabbages neatize up to 10% losses from the
pest due to failure to form heads, heavy attackater stages may make the crop
unmarketable. DBM attack is even more enhanceth®ulty season cabbage crop, which
it destroys and thus prompting low supply of thepcto the market. This threatens the
livelihood of small-scale farmers who depend ondia both for food and for sale and
perhaps to the attainment of millennium developnyeas.

Indigenous parasitoids in East Africa can only affgaltry parasitism rates but
pesticide use is an additional expense, may resutisecticide resistance, poses danger
to the environment and may be very ineffective. |&aal control of DBM pest
involving an exotic parasitoid is on going in theseAfrican region but its impact on a
wide scale is yet to be realized and is on its aateffective.

In spite of the problem, studies on resistance @@sms against diamondback moth
by cultivated crucifers grown in Kenya have recdivittle attention. Host plant
resistance as a pest control strategy is arguabliraamentally benign and does not
come with additional costs to production. The iafiae of various cultivated crucifers on
suitability of the DBM for parasitism by the parasil and its subsequent development is
not clear. This information may be important intpéor the successful establishment of
the parasitoid and for sustainability of this pesintrol approach. Integrated pest
management schemes demand some level of compgtibétween various integral

components in order to be successful.



1.4 Justification of the study

Cultivated crucifers are an important componentth@ livelihood of small-scale
farmers in Kenya and even the whole of East Af(fsaif and Lohr, 1998). One major
constraint to the production of the crops in thgioe is pest incidence, particularly
diamondback moth (Madumadet al, 1991, Kibata, 1996). These crucifers are grown
year round in the tropics and sub tropics henckfalstages of DBM pest can be present
at any time (Talekar and Shelton, 1993). Worsé stlveral generations (in excess of 20)
can be realized per year (Vickegsal., 2004). Unfortunately, most pesticides employed
for DBM control are either ineffective or pose seis danger to man and his environment
hence the need to seek alternative control optikesost plant resistance and biological
control.

The importance of resistant host plants as a coegorof integrated pest
management for the control Bf xylostellahas been emphasized (Verkerk and Wright,
(1994a). This stems in part from the evidence dif&erent crucifer cultivars are variedly
susceptible to DBM (Liret al., 1984; Verkerk and Wright, 1994b). Groot and Dicke,
(2002) have argued that environmentally benign pestrol demands employment of
biological control measures in combination with thpkant resistance. Conversely, the
two control strategies are neither always compatitdr synergistic as assumed and it is
suggested that efforts should aim at bridging tii€ortesero and Lewis, 2000).

On the other hand, the DBM indigenous natural enésmpa (parasitoids) in East
Africa includeD. mollipla, Apantelessp. andO. sokolowskiiHowever, these parasitoids
do not exert any meaningful control of the pesty@det al, 1996). Cultivation of
crucifers that show resistance to diamondback nmsth good component of integrated
pest management against the pest (Facknath, 1S®idies on the suitability of different
cultivated crucifer hosts for the survival and depenent of diamondback moth and its
natural enemies in Kenya is lacking. This studyhewever, key to formulating an
intervention strategy against the pest (Cortesedd_awis, 2000).

Both bitrophic (plant — pest) and tritrophic gpt — pest — parasitoid) studies
involving crucifers with normal wax attributes hagenerally received little attention as
compared to the glossy type (Dicksetnal., 1986; Eckenrodet al, 1986; Eigenbrodet
al., 1990, 1991; Eigenbrode and Shelton, 1990; Vé&rked Wright, 1996; Eigenbrode



and pillai, 1998; Verkerlet al., 1998). Shiny dark green leaves normally charamtetie
glossy mutants iB. oleracea Thus glossiness appearance is due to the laakadfitish
bloom associated with the normal plants (AnsteyModre 1949; Tarumoto, 2005).

In Kenya, bitrophic studies on the influence of coencial cultivars on the
development of DBM have equally received littleeation. Such studies are not only
important as tools for breeders in their endeavouwtevelop resistant lines (Hamiltet
al., 2005) but also as basis for understanding the plalged by these crucifers in the
third trophic level (Schuler and van Emden, 20@®sides, the use of resistant cultivars
in pest management is crucial when they can easityplement biological, chemical and
cultural pest control measures (Megallona, 1986te3ero and.ewis, 2000).

This work was therefore an attempt to addres=etimain areas namely, the role of
different cultivars in plant resistance (wax attitds) to DBM pest, bitrophic interactions
involving different cultivars and the DBM pest arohally, tritrophic interactions
between the cultivars, DBM pest and an exotic piaids

1.5 Objectives
1.5.1 Broad objective
To study the effect of selected cultivated crusifen the biology (life table statistics) of

DBM and parasitism bfpiadegma semiclausum

1.5.2 Specific objectives

1. Compare oviposition preference of DBM on seléaweltivated crucifers (cabbage and
kales)

2. Determine the effect of different crucifer hpsnts on larval and pupal survival and
development of DBM

3. Compare adult longevity and reproduction posntif DBM offspring reared on
different cultivated crucifers

4. Assess the effect of different crucifer hosts BBM larval parasitism byD.
semiclausum

5. Compare the leaf surface ultrastructure of ciffié cultivated crucifers



1.6 Hypotheses (Null)

1. Egg laying behaviour of DBM is similar in seledtcultivated crucifers in Kenya

2. Different cultivated crucifer host plants in Kenhave no effect on DBM larval and
pupal survival and development

3. Adult longevity and fecundity of DBM offsprings isimilar on different crucifer
cultivar

4. Parasitism of DBM is independent of the var@dtgrucifer cultivars in Kenya

5. The ultrastructure of leaf surfaces is simifathe different cultivated crucifers and has

no effect on egg laying, development and parasitis®BM

1.7 Limitations of the study

Due to limited time, studies focused on the infieesiof host plants on the herbivore
and one natural enemy. For the same reason, cHeamabysis of the epicuticular wax
constituents in the cultivars could not be studiddies involving other natural enemies

as well as the wax chemistry of the varieties candmne later.



CHAPTER TWO
LITERATURE REVIEW

2.1 Diamondback moth origin, distribution and econanic status

The diamondback moth (DBMRIutella xylostellaL. (Lepidoptera: Plutellidae) is
deemed the most destructive insect pest of crgctfer world over (Talekar and Shelton,
1993). This destruction is more realized in th@ital countries (Lim, 1992) because all
life stages of the moth can be present at any inm&e tropics (Talekar and Shelton,
1993). The insect may have originated in EuropeatéCal984), Southern Africa (Kfir,
1998) or China (Liuvet al., 2000) but now occurs wherever crucifers are grand is
distributed in over 100 countries and territorieshe world (Talekar and Shelton, 1993).
P. xylostellais considered to be the most widely distributeclblepidoptera (Shelton,
2004).

Pest status of DBM the world over is major in thHesence of effective natural
enemies, especially parasitoids (Lehal, 1986). The genetic elasticity of this pest has
enabled it to develop resistance to almost evesgdticide applied in the field (Mota-
Sanchezet al, 2002). To overcome this resistance, farmerssia ATalekar and Shelton,
1993) and Kenya (Kibata, 1996; Machaetaal., 2005) have resorted to increased doses
and application frequency of pesticides and toigest cocktails. In some areas, over
60% of the market value of the cabbage crop istdpernhe purchase of pesticides (Carl,
1992). Continuous use of pesticides increases thgnitude of DBM problem by
reducing the associated natural enemies (TalekdrShelton, 1993; Nodat al, 2000;
Kfir and Thomas, 2001; Ohast al, 2003) that might otherwise check their populatio
Consequently the cost of DBM control has been edéthat US$ 1 billion world wide
for insecticides alone. The environment and cablmysumers are equally at risk of
excess pesticide use (Ayalew, 2003).

The diamondback moth is thought to feed on membétbe crucifer family only
(Talekar and Shelton, 1993). The cultivated hostgea of the insect are cabbage
(Brassica oleraceal. var capitata L.) cauliflower B. oleraceal. var botrytis L.);
broccoli B. oleraceal. varitalica Plenck); radishRaphanus sativus.); turnip B. rapa

L. var pekinensid_our), Brussels sprouB( oleraceal. var gemmiferaZenker); chinese



cabbage B. rapa L. pekinensisLour), kohlrabi B. oleraceal. var gongylodesL.),
pakchoi (B. rapa L.), watercressgsturtium officinalL.) and “Thousand HeadedB(
oleraceal. varalboglabraBailey) (Talekar and Shelton, 1993).

It is likely that olfactory/gustatory and tactiesual stimuli attract DBM to crucifers
(Shelton 2004; Badenes-Perezt al., 2004). Glucosinolates (sinigrin, sinalbin, and
glucocheirolin) that are inherent in most crucifstisnulate feeding in DBM larvae. Two
glycosides (3-butenyl and 2-phenyl ethyl) in higihcentrations, however, mediate the
performance of the insect (Nayar and Thorsteins®®3)L Intact glucosinolates have
minimal biological activity (Ratzkaet al., 2002), but the myrosinase-glucosinase
complex in injured crucifers produce breakdown piad, which may be toxic to crucifer
specialist insects, including DBM (let al., 2000; Vogelet al., 2004). Ratzkaet al
(2002) showed that the breakdown products from plaat defense mechanism are,
however, disarmed by glucosinolate sulfatase (G®)yme in the gut of crucifer
specialists, including DBM.

Oviposition by the insects is stimulated specificdly sulfur-containing glycosides
or its metabolites found on crucifers (Reed, 198®%e oviposition rate can therefore be
reduced based on the nutritional status of thattplderkerk and Wright, 1994a) and
more special seems to be sulphur nutrition (Mara2@03). In addition, oviposition
stimulants, sinigrin and alkanes have a synergedtiect on the egg laying behaviour of
the moth (Spenceet al., 1999). Comparatively, glucobrassicin influencesposition
more than Cardenolides, sinigrin and glucoiberihjclv are all oviposition stimulants
(Renwicket al.,1992)

2.2 General life cycle

The diamondback moth is multivoltine with four geations (in temperate regions)
to over twenty generations (in tropical regionspigear (Harcourt, 1986; Vickeet al.,
2004). Each generation undergoes four life stagbgh are egg, 4-larval instars, pupa
and adult (Talekar and Shelton, 1993). The adulihmare small grayish brown moths
approximately 8 mm in length. The forewings haue¢hpale triangular markings along
the hind margin that form the characteristic diathpattern on the back when the wings

are folded (Koeniget al., 1993). Harcourt (1954) observed that the adulteeveetive



from dusk into the night. Most of the adults emeyehe first 8 hours of photophase,
copulate at dusk of the same day and lay eggs sften mating. The number of
copulations ranges from one to four. The ovipositgeriod lasts between 3-19 days
(Harcourt, 1954). Each female can lay over 200 emgsnfluenced by photoperiod,
temperature and age or condition of larval foodr@dart, 1957). The eggs are laid
preferentially on the upper and lower leaf surfagato 3:2) and mainly on rough rather
than on smooth leaf surfaces (Talekaral., 1994; Justugt al., 2000). Isolated studies
indicate oviposition preference for the bottom loé teaf because of the sheltered nature
of the leaf bottom (Charleston and Kfir, 2000) ahd variation in leaf wax characters
between the top and leaf bottoms (AndrahennadiGiiidtt, 1998). Very few eggs are
laid on stems and leaf petioles (Gupta and Tharstei, 1960; AVRDC, 1987; Talekat
al., 1994). The eggs are laid singly, or in groups @6 8 and are flat, oval-shaped and
shiny yellow when first laid (Ho, 1965). The eggkens before hatching and the young
larvae are visibly coiled beneath the chorion (ldart 1957).

Eggs hatch to 1st instar larvae between 3 to 6 dEymending on temperature
(Talekar and Shelton, 1993). Upon hatching theadamwhose heads are black in colour
burrow into and feed on spongy mesophyll tissue diration of the feeding is 3, 4 and
5 days in hot, rainy and cold seasons respecti@hgelliah and Srinivasan, 1986). The
2nd, 3rd and 4th instar larvae feed on the lowaf &irface and usually consume all
tissue except the epidermis and its wax layer. fEbding style creates windows on the
surface of the leaf (Talekar and Shelton, 1993k iird and fourth instar larvae have
green and brown colored heads consecutively. Tatahl period ranges from 6 to 30
days depending on temperature and host plant ¢3alir986).

Upon completion of feeding, mature caterpillemsn a gauzy, loosely spun cocoon for
pupation. The pupal colour, initially yellowish gre changes to brown then to dark
brown by the time of adult emergence (Talekar ahdlt6n, 1993). The pupal period
under Canadian field conditions required betwedh978 days (Harcourt, 1957). Thus
the time taken to complete the life cycle of DBMiga from 25 days (under favourable
condition) to 110 days under unfavourable condit{m and Fang, 1979). Isolated

reports of a faster developmental time of 9- 10sd@gve also been reported (Ko and
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Fang, 1979). The DBM successfully develops astaont temperatures of 8-3Z and
also under alternating temperatures ©4and 38 C (Liu et al.,2002).

2.3 Ecology of DBM

The diamondback moth is a cosmopolitan pess. flund everywhere in the world
where its hosts grow (Shelton, 2004). Adults oaouthe host or on other plants adjacent
to the crop where they feed on flower nectar wthikeeggs, larva and pupae occur on the
host plant. The ability of DBM adults to migrate danlisperse over long distance
enhances its distribution.

Reports by Chapmaat al (2002) indicate that DBM can remain in a contusio
flight for several days and cover distances of 1&@0at 400-500 km per night. Presence
or absence of wind mediates DBM migration (Hond#92). All life stages of the moth
can be present at any time in the tropics and gpias. This is because crucifers are
grown in these areas throughout the year (Talekdr&helton, 1993). In the temperate
regions, crucifers are not grown year round butathiéty of DBM to overwinter explains
their perennial occurrence (Dosdeatlal.,2004). Reports by Shelton and Wyman (1992)
show that long-distance transport of seedlingssief® with DBM can be a major source
for DBM population buildup in temperate areas. Heere cold temperatures and high
rainfall intensities in the temperate areas enhdac@l mortalities ofP. xylostella.The

latter drowns and dislodges the larvae from thatgl@Harcourt, 1957).

2.4 Control measures against DBM

Several control measures against DBM ranging frarttual control to use of
pheromones and growth regulators have been tridduwaried levels of success (Talekar
and Shelton, 1993; Robert et al., 1996). The varimanagement options are highlighted
below:

2.4.1 Cultural control
Resource poor smallholder crucifer farmers havetjmed cultural control measures
againstP. xylostellaover time. However, interest in this control optimas arisen even in

commercial crucifer production as a consequenceepéated insecticide failures to
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control DBM (Talekar and Shelton, 1993). This neethincludes practices such as
intercropping, overhead irrigation, crop rotati@mserved time of planting and use of
physical barriers (Linet al, 1986; Nakaharat al., 1986).

(a) Irrigation and time of planting

Infestations by DBM on crucifers are normally lowsiring wetter periods than in
drier periods. Control is achieved through drownamgvashing away of larvae from the
host plant (Talekar and Shelton, 1993). Overhgaigider irrigation on the other hand is
reported to disrupt adult flights of DBM as well their mating and oviposition. Studies
indicate that sprinkler irrigation causes DBM eggsl larvae to be dislodged, washed off
the plant and to get drowned (Nakaharal.,1986; Talekar and Shelton, 1993). Rainfall
attributes that include size of rain droplets (SR@)ration of precipitation (DP) and
rainfall amounts (RA) have an effect on the popatadynamics of DBM. Kobori and
Amano (2003) suggested that an SRD of 2.5 mm, DPhafur and RA of 17.3 mm were
significant to wash off both the eggs and larva®BM. However, complete removal of
DBM could not be achieved even with extended DPrddwer, the fate of the washed off

larvae was not clear.

(b) Intercropping

Intercropping involves planting two or more cropesies together. There is some
evidence of decreased DBM numbers when garlic -m@s are planted in cabbages
(Facknath, 1997). Buranday and Raros (1973) ineli@atdeleterious effect on pest
population when tomatoes are planted as inter-inwabbages. Subsequent studies have
shown that certain principles in tomato leaf extadversely affect oviposition of DBM
on cabbage and Chinese cabbage (AVRDC, 1985). Qitogrs, which include dill,
safflower, oat, coriander and carrot (Facknath,7)3& well as beans and onions (Said
and ltulya, 2003) have also recorded reduced inceleof DBM when planted as
intercrops with cabbage. The latter workers spéedlathat the volatile sulphur
compound, allyl-propyl-disulfide in onions mightJysainterfered with host attraction to

the pest and subsequent oviposition. Most farmergdeveloping countries, however,
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practice such intercrops for purposes of crop difieation against other natural factors

and not for pest control (Ayalew, 2003)

(c) Trap crops

In many cases, trap cropping involves the plantoigspecies, which are less
important economically but preferred by the pesthiw a commercial field. The use of a
trap crop preferred for oviposition by the pest tateterious to their survival has been
suggested by Shelton and Nault (2004). A succesyg of such trap crop is the use of a
glabrous BrassicaBarbarea vulgarisvar. arcuata L. that acts as a dead end trap crop.
(Agerbirk, et al., 2001, 2003). Dead end trap crops serve as a sinkhe pests,
preventing their movement to the main crop latethie season (Badenes-Pesdtzal.,
2004). In South Africa, work done by Charleston &fa (2000) suggest that Indian
mustard has a good potential as a trap crop $hmoe/lostellaprefers it for oviposition
but larval survival on it is low. However, the trappp must be available throughout the
growing period to offer an effective control agaitige pest.

While consistency in success is a major tenet ef pgnagement systems, this has
been lacking in trap crop pest control options lavg diamondback moth.
Consequently, the risk of economic loss to the grow enhanced (Shelton and Badenes-
Perez, 2006). In addition, planting a trap croghwit commercial value must bring large
benefits in pest reduction to justify the lossassed by the costs of planting and revenue
foregone from the area it occupies. This has prigbladen the reason why in spite of all

the research conducted, there are no documented chis adoption.

(d) Crop rotation

Suppression of DBM population has been substantialrotational system involving
crucifers, cucurbits and beans. For example cabpags-turnip and cabbage-squash or
cucumber rotational systems have been effectivinsigBM (Vu, 1988). A crucifer
free period in a rotational system deprives DBM yapon of food, forcing them to
subsist on alternative hosts. However, successssabf rotational systems have not been
evaluated under high DBM population levels andsinot clear under what conditions

these successes can be realized (Megallona, 1B86jdes, crop rotation as a control
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option is not common in the tropics where crucifaers grown year-round on small land
parcels by smallholder farmers (Talekar and Shelt®93). Recent research conducted
in Kenya indicates that DBM is ubiquitous in Eadti¢a as it can be found on a large
number of wild crucifers, which are common in hagtd production areas, and also exist,
albeit at lower numbers, in semi-arid, mid- and laititudes (Gathet al. 2007, in press),

providing a ready source for infestation even dfiag cabbage-free periods.

(e) Physical methodgNets and traps)

Planting of crucifers under fine mesh netting hgusas given good results against
diamondback moth in Taiwan. However, insect damagéhe vegetables in the net
houses is still common (Talekat al., 2003). Yellow sticky vinyl chloride plate traps
have also been used successfully to capture the DBdths (Lim et al, 1986).
Vattanatangum, (1988) observed that blue lightstrape capable of capturing large

number of adulP. xylostella

2.4.2 Biological control

Many biological control measures have been empl@against DBM. These include
the use of microbial organisms, parasitoids andlgices (Talekar and Shelton, 1993).
Resistance to insecticides by DBM has necessithieedise of such bio-control options.
Besides, pesticide residues in harvestable prodtartsbe avoided through biocontrol
measures (Carl, 1992; Talekar and Shelton, 1998a sole method of control, however,
biological control is seldom sufficient (Hokkanér®97). As a consequence, this method
should be supplemented with other control optionshsas host plant resistance
(Cortesero and Lewj000). Parasitoids are the most studied biologioatrol measure
and their success stories have been reviewed extbngTalekar and Shelton, 1993;
Lohr and Kfir, 2002; Sarfraet al.,2005). The various bio-control measures are restew

below:
(a) Microbial organisms

Various microbial pest control agents (MPCA) haeerbtried againg?. xylostellaas

alternatives to broad-spectrum insecticide. Thes@neopathogens include bacteria,
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fungi, nematodes, viruses and protozoa (Sarétal., 2005). Many workers have
reported evidence of viruses attacking DBM. Themumes are a granulosis virus (GV)
(Wakisakaet al., 1992) and a nuclear polyhedrosis virus (NPV) (Kadial., 1999) that
are both reported to attack DBM larvae. While Wilgli(1986) showed promising levels
of pathogenicity by the GVs, Farrar and Ridway @9%ported a moderate to low
potency by NPVs on DBM. A Kenyan isolate f xylostellagranulovirus PxGV (Nya-
01) recorded high infection rates both on KenyanvD&rain (Grzywaczt al., 2004)
and DBM strain from Benin (Cherrgt al., 2004b). There is evidence of less foliage
consumption by. xylostellalarvae that are infected with PxGV (ketial.,2004).

Entomopathogenic fungi that have been isolated fBM include Paecilomyces
farinosus (Holm ex Gray) Brown and SmithPandora spp., Zoophthora radicans
(Brefeld) Batko,Beauveria bassian@Balsamo) VuilleminFusariumspp,Conidiobolus
spp andScopulariopsisspp (Vandenbergt al., 1998; Cherryet al., 2004a; Kirket al.,
2004). Fungal entomopathogens can kill the DBMdarin a matter of days through a
series of steps starting from conidial contact. fitregal conidium gets into contact with
insect cuticle, germinates and penetrates throughd develops mycelia that eventually
kill the insect (Glare and 'Gallaghan, 2000; Ingli®t al., 2001). Vandenbergt al
(1998) reported that a spray suspensiorBofbassianaspores in either oil or water
significantly reduced larval population of DBM.

Works of Goolaub (1995) show that a formulatioBatillus thuringiensigBt) strain
GC 91 provides protection against DBM similar tattlof thiocarbamate insecticide.
Success stories dBt have been reported in South Africa where formateti of Bt
kurstakiandBt aizawaii strains are extensively used to manage diamondimatk (Nel
et al., 1999). However, there are reportskaf xylostelladeveloping resistance @t in
some parts of the world (Hecket al., 1999; Ferré and van Rie, 2002; Tabasletikl,
1993, Sayyeet al.,2004).

Entomopathogenic nematodes (EPN) in the familiegin8tnematidae and
Heterorhabditidae can significantly reduee xylostellalarval populations on cabbages
through their infective juveniles (1J). They aresitifore a valuable alternative control
measure to manage DBM populations (Schreeral., 2005) especially when their

desiccation can be minimizeSteinernema carpocaps@@/eiser) is desiccation tolerant,
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hence well adapted for foliage application agaiPBM larvae (Baueet al.,1995). The
death of the insect host by the infective juvendé$. carpocapsaes achieved through
their role as vectors of a pathogenic bacteriallsgnt in the family Enterobacteriaceae.
The bacteriumXenorhabdus nematophilahich is a gram-negative bacterium, secretes
a high molecular weight protein that is lethaPtoxylostellalarvae (Mahaet al., 2006).
The application of toxic metabolites of the ba@asi suggested to be more commercially
and environmentally acceptable against DBM tharueof free cell suspension (Ensign
et al.,2002)

(b) Parasitoids and predators

Parasitoids play an important role in populationatyics of DBM (Limet al., 1986;
Waterhouse and Norris, 1987). Liet al., (1986) indicated that a few countries in
developing world use parasitoid introductions tatool DBM but success of such efforts
are thwarted by the use of synthetic insectici@aser 135 parasitoid species are reported
to attack various stages of diamondback moth onoddwide scale (Delvare, 2004).
However, larval parasitoids, particularly the geribmdegma (Ichneumonidae) and
Cotesia(Braconidae) are the most predominant and offergieatest control potential
(Talekar and Shelton, 1993). Release and successtAblishment of the larval parasitoid
Diadegma semiclausuigHellen) (Hymenoptera: Ichneumoidae) can reduce ¢osses
due to DBM (Saucket al.,2000). Momanyet al (2006) showed a drastic reduction of
diamondback moth survival on Thousand Headed withenfirst year oD. semiclausum
release in Kenya. Other successful parasitoidsidiecegg parasitoid&ichogrammaspp.
(Hymenoptera: Trichogrammatidae), the larval paoasiCotesia plutellagKurdjumov)
(Hymenoptera: Braconidae), the larval-pupal papasitO. sokolowskiiand pupal
parasitoidDiadromus collaris(Gravenhorst) (Hymenoptera: Ichneumoidae) (Talakeak
Shelton, 1993). Several species of hyperparasitoid3BM have been reported (Kfir,
1998; Liuet al., 2000). The presence of these hyperparasitoidsslithe efficiency of
primary parasitoids to control the pest (Musta&92).

Predators, which include spiders, Pentatomid bRlggtoseiulusnites and wasps, can
cause mortality of prey under heavy build up (Ob892). Nemotoet al., (1985)

attributed increase in the number of DBM to redusaohber of predators. Sivapragasam
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et al (1988) also implied that predators could causgenawn mortalities in the life tables
of DBM. However, apart from the qualitative assesstrof the contributions predators
can make, no quantitative study of their contribatis available.

The genudPiadegmais perhaps one of the most efficient and widesppaasitoids
of Diamondback moth worldwide. One speciBs semiclausunis not only an important
larval parasitoid ofP. xylostella(Waterhouse and Norris, 1987; Talekar and Shelton,
1993) but also specializes on it (Wang and KeR&02). It is a black wasp 5-7mm in
length with a distinct long ovipositor on femalésidah et al, 2000). Each female can
lay a peak of 362 eggs (Ooi, 1981) or 700 eggs ffi<aeet al, 1993) depending on food
quality and female longevity (Abbas, 1988). Theagépid is a solitary koinobiont, that
is, only one egq is laid per host and the lattettiooes to develop at least for a while
after parasitisation (Yangt al, 1993). Some incidences of super parasitism (host
parasitised twice by the conspecifics) have beesemied and this yields more females
than males (Koeningt al.,1993; Wang, 2002). Super parasitism is also thotegbonfer
an adaptive advantage to the parasitoid by redugigly search costs and overcoming
host defenses (Wang, 2002).

Although all host larval instars can be paragitjf® semiclausunprefers mainly the
second and third instars (Talekar and Yang, 199fnkget al, 1993). The laid eggs
incubate for two days before hatching tbidtar larvae. The developmental period goes
up to the & larval instar and this period is temperature delpehranging between 11-28
days at 35°C and 15° respectively with an optimamgerature of 23°C. This optimum
temperature also results in a sex ratio of 1:1. [&kelarval instar feeds into the pre-pupal
content of its host thereby killing it as it devedoits own cocoon inside the one for the
host.

The emerging parasitoid adults feed on brassicaeefl nectar, mates and then start
laying eggs a day later. Females live longer (ABH&han males (40 days) (Ooi, 1992).
Female longevity of 3 months has also been recontedker laboratory conditions
(Koeninget al, 1993). The latter workers also observed thatf¢éineales can parasitise
between 35-50 hosts per day but this reduces lifespan to only three weeks in the
field.
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D. semiclausunthrives well in cooler highlands where the tempeea range is
optimum for its development (Sauckeal.,2000). It maximizes host attack by applying
a high degree of aggregation on patches with higgt densities (Wangt al., 2004).
Variation in the composition of volatile odour btéEnbetween and within crucifers either
DBM infested or not, enables discrimination by th@sasitoid (Bukovinszkegt. al 2005,
Rossbactlet al, 2006). The parasitoid is also well adapted ®dbfensive behaviour of
its host and very effective at detecting and p#easy P. xylostellalarvae (Wang and
Keller, 2002).

Due to its effectivenessD. semiclausumwas among the earliest parasitoids
introduced from England to New Zealand, Austratid ather Asian-Pacific countries for
the control of DBM (Hardy, 1938; Waterhouse andi¢prl987; Thomas and Ferguson,
1989). Similar introductions were made in Indonesial980s (Sastrosiswojo and
Sastrodihardjo, 1986), the highlands of Taiwan (AR 1988) and in the highlands of
Philippines in 1989 (Poelking 1992). The parasitad all introductions realized
appreciable parasitism of up to 70% in additionstdstantial savings in the cost of
controlling the pest (Talekar, 1992). In Kenya tperasitoid was introduced in 2001
from Taiwan (Machari&t al, 2005). It realized a reduction of DBM survival &ynargin

of 75% on the release sites within the first ydaretease (Momanyet al., 2006).

2.4.3 Insecticides

The mainstay of diamondback moth (DBM) contreéotime has been the use of
synthetic insecticides. In developing countrieg, thasons advanced for this option are
ready availability of insecticides at reasonablst@nd lack of other proven alternatives
(Talekar and Shelton, 1993). On the other han@ciigde use in developed countries is
normally incorporated in integrated pest managenmogrammes (Theunissen and
Ouden, 1987). Failures of this control option h&deen attributed to lack of rainfall,
absence of a crucifer free period, free movemeimfested transplants and development
of resistance by DBM (Talekar and Shelton, 1993|dAg and Wright 1994; Heckekt
al., 1999). Development of resistance has been atibtd intensive insecticide usage.
This has been fuelled by high fecundity and repetidn potential of DBM, rapid

turnover of its generations, continuous use ofipiests and the fact that little damage is
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tolerated on marketable products (Magaro and Edel4890; Talekar and Shelton,
1993).

In light of the above, DBM was the first crop ins@est reported to be resistant to
DDT in Java, Indonesia (Ankersmit, 1953). Now thestphas developed resistance to
almost every insecticide applied in the field irdthg novel ones like spinosins and
avermectins (Sayyecet al, 2004), neonicotinoids (Ninsin, 2004), pyrazolasd
oxadiazines (Mohan and Guijar, 2003).

Mechanisms of resistance by DBM to insecticidesuithe lowered nerve sensitivity,
reduced cuticular penetration as well as alteratibtarget site(s) and detoxification of
these insecticides. The enzymes involved in thisxdiécation process are microsomal
oxidases, glutathione-S-transferases, hydrolasgsealuctases (Sun, 1992; Ferre and van
Rie, 2002; Sarfraz, 2004).

Biopesticide extracts of\zadractin indicaA. Juss (neem)l.antana camaral.
(Lantana),Melia azaderachL. (Chinaberry) andChenopodiunsp. have also been used
against diamondback moth. The mode of action ddelextracts is one or a combination
of insecticidal, antifeedant, growth regulator, egnt and oviposition deterrent
(Facknath, 1997). The use of a neem seed kernehogxtNeemAzal, in field trials
recorded good results against DBM (Saucie al., 2000).) Botanical pesticides
(Schmutterer, 1995; 1997) and specifically neemaexs (Akol et al., 2002) pose no
serious danger to the survival of the parasiibi@degma mollipla This potential can be
harnessed in combination with other biological contnethods to develop an integrated
pest management system. However, the use of nesrstmixed with other compounds

may increase side effects on beneficial organiSohrutterer, 1997).

19



F B ad Y

Plate 2 Diadegma semiclausuparasitoid
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2.4.4 Host plant resistance (HPR)

Host plant resistance as a control measure aimseventing pest organisms from
developing populations above the damage thresimtké¢, 1996). Intrinsic resistance of
crucifers to DBM is either vertical (under the aahtof a single or few genes) or
horizontal (polygenic) (Eigenbrodst al., 1990; Talekar and Shelton, 1993; Verkerk and
Wright, 1996). Survival of diamondback moth larvae shiny (glossy) wax crucifer
genotypes is lower than on whitish appearance ofmabcultivated cultivars (normal
bloom) (Dickson and Eckenrode 1980; Eigenbredeal., 1991). The form of non-
preference as well as tolerance and antibiosisltysy genotypes is attributed to their
reduced wax load and low density of crystalline vg&xictures (Eigenbrode and Espelie
1995; Justust al.,2000). This is a form of vertical resistance vehttre glossy character
is inherited as a single recessive gene (DicksdnEakenrode, 1975).

Studies on the mechanism of resistance in glgeaptypes imply a rejection of the
plants by first instars, which results in protracteearching behaviour and reduced
feeding. These behavioural differences may leamhdeeased larval mortality on glossy
plants due to starvation and desiccation and tivatgdn is more enhanced as the plant
ages. Horizontally oriented epicuticular wax platglon the glossy genotypes have also
been associated with greater dispersal rates, eddestablishment of feeding sites, and
higher mortality of first instars (Eigenbrode andefon, 1990). A bioassay study on the
wax morphology of normal bloom and glossy crucenotypes, incidentally, shows no
difference between the two. The behavioural difieeeof DBM on the genotypes may be
due to the difference in allellochemicals in thexes (Eigenbrode and Pillai, 1998).

Other studies have shown that glossy type agdxb are preferred for oviposition
(Lin et al., 1984) but are resistant to establishment by thenksar larvae in the field
(Eckenrodeet al., 1986). Conversely, poor resistance to DBM has h@wserved on a
glossy kale with allelic genes for glossiness (8tpri990). This finding suggests the
existence of variability for resistance even orsglocultivars. While non-glossy crucifer
selections have shown resistance to DBM in previeosks, this resistance is far below
that of derivatives of Pl 234599, a plant introdoict with a glossy trait through a
mutation of the wax-expressing gene.
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Evidence exists on reduced larval feeding (suryival normal bloom cultivars
(Verkerk and Wright, 1996). This is due to a redhrctin the intrinsic rate of pest
population increase and a longer duration of heailability for parasitoids and predators
to attack them (Feeny, 1976). The resistance eelillly the normal bloom genotypes is
additive and dominant (Dicksaet al.,1986).

2.4.5 Integrated pest management (IPM)

This is the judicious and compatible use of twwanore possible control measures
against a pest with a view to keeping the pest ladipn below a level causing economic
loss. These control measures include biologicdtural, genetic, physical/mechanical
and chemical (Facknath, 1997), the latter measugely employed only as a last resort.
Integrated pest management aims at reducing syoesticide use in order to minimize
their deleterious effects on environment and natmamies (Ayalew, 2003) arising from
their over-use. It also employs efforts to manipailde habitat of an agro-ecosystem to
aid in pest management (Shelton and Badenes-F2£/@@). Finally, it seeks to integrate
host plant resistance and biological control oi(@ortesero and Lewi2000).

Several success reports through IPM have beerzedadigainst DBM. Yaseen (1975)
showed a reduced DBM damage when a combinatidd @lutellacandO. sokolowskii
parasitoids was introduced onto crucifers in Zamble use of parasitoids together with
safer pesticides, which have little or no harmhe parasitoids, has been successfully
practiced in Asian countries (Talekar and Sheltb®93). Application of an EPNS.
carpocapsagtogether with aBt product (Dipel) is reported to have recorded a 58%

control of the pest in Hayek farms in Hawaii (Baatal.,1998).

2.5 Life tables

Before a biological control approach can be takgmirest a pest in a given region, a
thorough understanding of the population dynamicthe pest species in the region is
important. The construction of life tables offers @pportunity to assess the mortality
factor(s) acting on different life stages of thestpéHarcourt 1969). Deevey (1947)
defined a life table as an organized presentatiothe number of individuals of a
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generation or stage surviving to a fixed pointhia tife cycle together with their specific
mortality factors.

Host plant resistance as a pest control strategy raly on life table studies to
identify host patches with attributes that confersgnergize mortalities on the pest.
Attempts have been made to develop such life taflole®BM in various parts of the
world (Sivapragasamt al., 1988; Wakisakat al., 1992; Salast al., 1993; Syed and
Abro, 2003). However, the applicability of life tabstudies across regions with a
different suite of ecological conditions may besgid. Messenger (1964) argued that life-
table statistics might restrict the understandifigagpopulations’ growth potential to
prevailing climatic and food conditions, factorsathare varied within and between
regions. In addition, the genetic elasticity of DRist furnished with novel behavioural
tendencies (Sarfraet al., 2005) demands a constant observation of its ptpola
dynamics if control measures directed at it areat@volve with the pest.

Knowledge regarding interactions between mortd#ittors in a life table is normally
limited (Aeschlimann, 1979). This may limit the eagly of life-tables as a tool to make
key generalizations (Toepfer and Kuhlmann, 2006)né&heless, analysis of life table
data provides a rational and predictive basis st gontrol: enabling prognosis of the

effects of changes in cultural or other controlgticees (Southwood, 1978)
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Site

All trials were conducted at Duduville Campudiué International Center of Insect
Physiology and Ecology (ICIPE), Nairobi, Kenya (B A3 15'; E 036 53 45', altitude
1608 m.a.s.l), (S 0113 14.4'; E 036 53 44.6, alt 1609m,) and (S 0113 17.2; E 036
53 45.7, alt 1617m). The experiments were carried out bo#fide and outside the
greenhouse and in the laboratory at mean relativeidity and temperature of 54% and

25°C respectively.

3.2 Materials

3.2.1 Plants (Cabbages and Kales)

A total of seven crucifer cultivars from diffeteseed companies were used in the
experiment. This involved five cabbage cultivarBlue Dynasty”, “Gloria”, “Green
Challenger” “Riana” and “Copenhagen Market” (Bll oleraceal.) together with two
leafy ones, Collard Georgias, “Collard Georgia” akale “Thousand HeadedB(
oleraceal. var. acephald. All the cultivars used in the trial were obtainffom three
seed companies namely East African Seed, Simlaw Sempany and Royal Sluis. Two
cultivars, “Gloria” and “Collard Georgia” were olntad from East African Seed
Company while “Copenhagen Market”, “Thousand Headmud “Riana” were from
Simlaw Seed Company. The remaining cultivars “Gréeallenger” and “Blue Dynasty
were both from Royal Sluis. “Blue Dynasty” cultivesas recruited into the experiment
for its glossiness and assumed resistance, whileri&s represented a normal bloom
susceptible cultivar. The crucifer plants were edisn seedling trays (Plate 3) in the
plastic greenhouse and transplanted after four svéBkate 4) into 15 cm diameter
planting pots with a volume of 2000 ml. The growiedium was a mixture of garden
compost, red soil and sand (2: 1: 1). No fertiliaas added. The transplants were placed
on tables outside the greenhouse to enable thesiveenormal ultraviolet radiation, as
UV radiation appears to affect the resistance t&/D# Brassica (Liret al, 1983) and
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Plate 5. Six- weeks old crucifer seedlings in 15dtameter pots ready for trials
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the formation of leaf surface waxes (Tevini andir8teiller, 1987; Barnest al, 1996;

Kakaniet al.,2003). These transplants were ready for use sikeveeks (Plate 5).

3.2.2 Diamondback moth laboratory cultures

A cabbage strain oP. xylostellathat was initially obtained from a vegetable
growing area of Limuru, Central Province, Kenya andintained on cabbage plants in
the laboratory was used in all experiments. Diarbacd moth (DBM) larvae were
reared from eggs of uniform age produced in a parsfage (20x20x25cm, Plate 6d)
with an opening of 11cm diameter on two oppositiesi One opening was covered with
a removable lid for egg and moth manipulation whife other was screened for
ventilation.

Pupae were placed inside the cage and kept thnatibdults emerged. Over 100
adults were used for the experiments. These adwdte fed on 10% sugar solution
soaked in cotton wool and kept until they died. Fou five strips of aluminum foll
(3x15cm) were soaked in cabbage extract, driednpled then suspended from the top
of the cage as substrate for egg laying. Crumplegstrips makes them irregular hence
providing tactile stimuli for egg laying (Shelto2Q04). The strips were replaced daily to
obtain eggs of equal age. The harvested stripsegtjs were ready for use after two days
when they were placed on plants in larvae rearagges. Emerging larvae were allowed
to settle on the host naturally.

The DBM cultures obtained were sustained on faadts, potted cabbage “Gloria”
in the rearing room. The cultures were maintairtem temperature of 23+3°C. The plants
were replaced at irregular times to supply fresbdforhe process of pupation and adult
emergence took place in the room while the emergidglts were transferred to the

oviposition cage daily by use of an aspirator.

3.3. Bioassays
3.3.1 Effect of crucifer cultivars on oviposition é Plutella xylostella in the
laboratory
Both choice and no choice oviposition prefereagperiments were conducted in the

laboratory using leaves from the test plants. Bawés were placed in plastic vials (one
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per vial) filled with water to avoid wilting of thieaves. Each vial was sealed with cotton
wool at the top to avoid drowning of the mothstha choice tests, one excised leaf from
each of the seven test plant cultivars was placeda irandom arrangement in a
70x105x57cm perspex cage (Plate 6b). Spacing icdge was 20cm between and 15cm
within the leaves to avoid the leaves from touch&#agh other. Fifteen pairs of newly
emerged diamondback moth were then introduced thé cage. The leaves were
removed after 48 hours and all the eggs per leahtea. Eggs were counted under a
binocular microscope using a tally counter. Theeexpent was replicated 15 times.

For the no choice tests, excised leaves were @utdnom each of the seven test plants
and placed in vials as described above. Vials were placed individually in 70x105x57
cm perspex cages with cloth sleeves on the sidastfoducing leaves and adult moths.
Newly emerged adult moths (ten pairs) from the eglebculture were released into each
cage and artificial food, 10% sugar solution soaikecbtton wool, provided in the cage.
The leaves were removed after 48 hours and alkgigs on the upper, lower epidermis,

petiole and on the walls of the vial counted. Tkpegiment was replicated 15 times.

3.3.2 Effect of crucifer cultivars on oviposition,number of larvae surviving to
pupae and damage bylutella xylostella in the greenhouse

Test plants from the seven cultivars were raisedessribed in 3.2.1 above. From
these plants, three of each of the seven teswvardtiwere obtained, and together the 21
plants arranged in a completely randomized desmgtables in a screen house along with
100 mated moths. The plants were spaced at 30 tme®e and 25 cm within rows in a
215 x 105 x 95 cm cage (Plate 7). The moths weteofe 10% sugar solution in open
petri dishes. Eggs were counted after 48 hoursaliritie DBM moths removed from the
cage. Larvae (and later pupae) were counted twieekly starting 12 days after
oviposition until the end of the third week. In thest larval reading, larval feeding
damage were scored on a scale of 0-5 based onreheoé the leaf damaged (0=No
damage at all; 1=Less than 0.1 damage on leav&argage lies between 0.1 and 0.25
of the leaf area; 3= Leaf area damage of 0.25 assl than 0.5; 4=Leaf area damage of
0.5; Leaf area damage of more than 0.5) (Wemin \Afesis, 2004; Ayalew, 2006).

Averages were derived from the egg counts andhilee larval and pupal counts. The
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Plate 6. Cage set up for oviposition tesisafidb) and for rearing oPlutella

xylostella(c and d)
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Plate 7. Cages set up in the greenhouse for oviposand larval development

tests ofPlutella xylostella
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experiment was replicated in four cages. A recdrdemperature and humidity in the

green house was taken daily using a data logger.

3.3.3 Effect of crucifer cultivars on larval survival and development of

Plutella xylostella in the laboratory

Seven hundred diamondback moth eggs of the saméamben aluminum foils
were obtained from the cabbage culture, incubat&t°€ and left to hatch to 1st instar
larvae. Neonate larvae were picked at random wsifige camel brush and individually
placed in marked plastic vials (2.5x6cm). Leaf sifom each test plants {bleaf stage)
were introduced into the vials and a piece of #spaper placed inside to absorb extra
moisture and keep the leaf fresh. The vials wecebated at 25+1°C, 60-8RH, 12:12
(L: D) and the number of surviving larvae recordiily. The leaves were replaced with
fresh ones after every two days until the larvapaped or died. The experiment was
replicated 100 times for each cultivar.

The parameters measured were the number of sugvigivae (all instars) and the
total larval period. All larvae that pupated weeenoved and the pupae weighed within
24 hours of pupation using an analytical balancet(ler AM 100, Mettler Instrument
Ltd, Switzerland). Records were also made of pupaation, date of adult emergence
and the sex of adults.

3.3.4 Effect of the crucifer cultivars on larvae oPlutella xylostella

surviving to pupae in the greenhouse

Seedlings of the 7-crucifer cultivars were essdigld as described in the oviposition
test (3.3.2) above and placed on tables in a DB freenhouse. The seven cultivars at
6 " leaf stage were placed in a completely randomizsign on tables in a screen house
at a spacing of 30 cm between and 25 cm withinvaultinside a 215 x 105 x 95 cm
cage. The test plants were manually infested wsthristar larvae of DBM (30 larvae per
plant) from DBM rearing room. Larvae (and laterppa were counted after seven days
and subsequently after ten and thirteen days othaltultivars. Mean counts of larvae

and pupae were converted to percent larval surviva set up was replicated five times.
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Records of temperature and humidity in the greams@ownere taken daily using a data

logger.

3.3.5 Effect of the crucifer cultivars on adult lomevity and
reproductive potential of Plutella xylostella

Both studies were done on adults obtained ftwerarval survival and development
experiment 3.3.3 above. The newly emerged femaldsrales emanating from pupae of
known weights and from the same plant were pairetia@lowed to mate for 24 hours.
From each test plant an excised leaf was obtainddgkaced in plastic vials as described
in section 3.3.3. The vials were each placed in»a@&®5 x 7cm clear conical plastic
container. This set up was covered with an invettaasparent plastic container (5 x 6.8
x 12cm) with the bottom covered with a muslin clédh ventilation (Plate 6a). A pair of
adult moth was released in the plastic containgh &ileaf of the cultivar it had been
reared on and the moths fed on 10% sugar solubakesl in cotton wool. The leaves
were replaced with fresh ones after every 48 hantsthe number of eggs on the upper
and lower leaf surfaces and on the wall of the @ioet recorded. This procedure was
repeated after every 48 hours till the female weeddand all records of egg distribution;
the date of the death of males and females wadalten. The experiment was replicated

15 times.

3.4 Construction of Life table

Data obtained from section 3.3.2 was used to genéna life table parameters. The
realized mortality, fertility, sex ratio as well &sngevity figures for each cohort were
used to construct age specific life tables.

The fertility life-table studies involved repeatedunting of individuals in a single
cohort in two generations as described above. Datthe development of a cohort was
represented according to Ma& al. (2002). It included the following columns in a
sequence: identification of the group (Cultivar) aphanumeric variable, female
identification as a numeric variable, female agpressed in time units (days), number of
eggs laid per female at each age, proportion ofafemin the population as a numeric

variable (0-1) and immature stage survivorship a#s0 a numeric variable (0-1).
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Accordingly, population parameter estimates for thik groups were compared as
described by the author. Given that the populatioder study is a closed one and is
subjected to age specific schedules of fertilitd amortality it was assumed to have an
exponential growth represented by the model (Sooiiav1978)

Ne=No x é™x t

Where, Nt is the population size at time t, Nohis initial population size and rm is

the intrinsic rate of natural increase. The |gt@rameter can be approximated from

Ye M. Ix.mx=1

The multiplication factor of the initial populatigmer unit time is the finite rate of
increaseX) and can be obtained from

A-€M=anti log €= Nt+1
Nt

The net reproductive rate is the mean net contdbuper female to the next
generation expressed as female offspring per femadeunit time. To calculate this, the
probability at birth of being alive at age X, thatlx is obtained. The latter value is
multiplied with the mean number of female offspripgpduced in a unit of time by a
female of age x, that is mx. The sum of these prtsdis the net reproductive rate, (Ro).
Thus

Ro=3Ixmx

Doubling time (Dt) is the time required by a popida to double and is represented by

Dt=Ln(2)

rm
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Mean Generation time is the mean length of a géinerand starts from the birth of
individuals of a generation to the birth of thosethe subsequent generation. It is

calculated from

T=log e RO
rm

The true population parameters (obtained withowgtam@pling) were obtained through
iterative method (Southwood, 1978) using algorithoescribed in SAS program
developed by Maiat al (2002). This method provides a functional linktbé main
population parameters rm and Ro. Subsequentlyjaitiknife method (Meyeet al,
1986; Wermelingeet al, 1991) was used to estimate the uncertaintiesceged with
the population estimators. The jackknife re-sangphimethod allows for the generation of
the standard error and confidence interval usirgugs-values rj of rm which have a
normal (Gaussian) distribution (Hogg and Chen, )988-sampling is achieved by
excluding one individuajl from the initial populatiom in successive samplings and the
new values used to estimate the new populatiompeteas.

3.5 Effect of crucifer cultivars on larval parasitism of Plutella

xylostella by Diadegma semiclausum in the greenhouse

This test was done to measure the effect of tierdifit cultivars on parasitism &y
semiclausumPotted plants obtained from the varietal testislavere placed at a spacing
of 30 cm by 25 cm on tables in the plastic greeskoun a completely randomized
design. Using a camel hairbrush, thirty of the Zmtar DBM larvae (Liuet al., 2000)
from the cabbage culture were introduced into #spective plants. Ten three-day-old,
mated D. semiclausunwere then released in the cage for 2 days at teyes of
23+3°C after which all the parasitoids were removed.|l&dae were then left to feed on
their respective host plants, collected after 5sdayd then reared in plastic boxes in the
laboratory. In these boxes, the larvae were feteawves of their respective plant cultivar

until pupation. This experiment was replicateddes. The number of normally pupating
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DBM and their corresponding pupal weights, numbeDo semiclausuntocoons and
those that did not complete development as wellexsratios of both the pest and the

parasitoid were recorded.

3.6 Scanning electron microscopy (SEM) study of thieaf surfaces of
the crucifer cultivars

Two samples of the second and the fifth lea&lbfcultivars were obtained at the
six-leaf stage just before plants were used intrilaés. Leaf blades were cut into 5 mm
transverse thin sections with a sharp razor blathe. samples were fixed for 1 week
using 2.5% glutaraldehyde in 0.05M R®.0% sucrose buffer with a PH of 7.4. The
samples were then air-dried for a week and theddpecimens (1x3 mm) mounted on
metal discs with silver conductive cement then edatith carbon and gold in a vacuum
evaporator using JFC- 1100E ION Sputter. The atlee@angular surfaces of the coated
samples were examined at X2000 magnification usirgganning electron microscope
(JEOL JSM- T330A) at 15 kV accelerating voltageeTdnystal shapes, their diameters,
inter-crystal spaces as well as crystallite dession the different cultivars were then

examined and printed.

3.7 Statistical analysis

Natural logarithmic transformation was applied ke tdata on oviposition preference
(Laboratory), larval survival in the greenhouseaylabngevity and reproduction potential
and leaf surface waxes to improve homoscedastanty normality of data for each
cultivar. Arcsine square root transformation wasfggened on the percent parasitism,
percent larvae dead and percent adult emergence.

The effect of cultivar on oviposition preferenceuhber of eggs laid), larval and
pupal survival and development measured as the euofharvae, pupa and adult moths
in the laboratory was analyzed using procedure Mlead GLM in Statistical Analytical
Software (SAS) (SAS, 1999). Where significant diéfeces were realized, the mean
number of eggs laid as well as larval and pupaVigak and development on each

cultivar were separated using Student — Newmanusktest (SNK).
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The effect of cultivar on adult longevity and regueative potential was analyzed
using procedure univariate in SAS and means segghrasing SNK. The life table
parameters were analyzed using algorithms develbpédaiaet al. (2002).

Linear regression between intrinsic rate of popoiaincrease and generation time
was analyzed using least squares method in SAS,($2¢9). Similar method was used
to analyze the linear regression between intrinsite of population increase and
fecundity as well as longevity and pupal weightieEff of cultivars on parasitism &f.
xylostellaby D. semiclausunm the greenhouse was analysed using procedurasviedal
GLM and so was the test on characteristics of $emface waxes of seven commercial

crucifer cultivars.
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CHAPTER FOUR
RESULTS

4.1 Effect of crucifer cultivars on oviposition ofPlutella xylostella in the laboratory

The number of eggs laid on the seven test cultivamged from 21.3 + 4.2 to 45.7
10.3 in the choice experiment (Fig. 1) and from#4.@.5 to 20.3 + 4.3 in the no choice
experiment (Fig. 2). Although DBM consistently laitbre eggs on “Collard Georgia” as
compared to the other crucifers in both the cha@ind no choice tests, there was no
significant difference elicited by the cultivarsegg laying in the former test.

However, most of these eggs were not laid ongbébut anywhere in the container:
on the vial, the cotton wool covering the top oé thial and the container itself. The
number of off-target eggs showed disparity betweahivars. For example, it was
significantly lower (l 77= 5.63;P < 0.05) on kale “Thousand Headed” and “Collard
Georgia” in the choice test (Fig 1) and on “Coll&dorgia” and “Green Challenger” in
the no-choice test {Fs= 4.54;P < 0.05, Fig. 1).

Analysis of variance carried out on the percenttaffet eggs reveals that “Green
Challenger” elicited a significantly higherg(lgs= 4.12;P < 0.05) percent off target egg
laying by the pest than was “Riana”, “Blue Dynas&yid “Thousand Headed” in the no
choice test. The cultivars “Thousand Headed” andll&8d Georgia’ elicited a
significantly lower (k 77= 5.63;P < 0.05) percent off-target laying in the choicstte
(Fig. 4.1).

4.2 Effect of crucifer cultivars on oviposition, lavae to pupae and pupae to adult
development ofPlutella xylostella in the greenhouse and on damage indices
In the greenhouse, oviposition by the DBM pest sigsificantly higher P < 0.05)
on “Blue Dynasty” than was on “Gloria” but similéo the rest of the cultivars under
study, (Table 2)
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Figure 4.1. Eggs laid in 48 hours in choice (top)ra no choice (bottom)

experiments on commercial leafy and head cruciferutivars
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Consequently, larval survival of diamondback maihvée to pupae then to adult
showed significant difference between cultivarsb|€al). Survival was significantly
higher on the cultivar “Green Challenger’s(ks= 5.18; P < 0.05) followed by “Blue
Dynasty” and “Collard Georgia”. Interestingly, laer on “Green Challenger” appeared
thin, pale in colour and emaciated. On the othadhaurvival of the pest on the cultivar
“Riana” was significantly (k 2s= 5.18;P < 0.05) the lowest in the greenhouse, which
follows the relatively low number of eggs that trdgveloped from (Table 2).

No difference was observed on either the numb@upie or damage scores between
the cultivars. While DBM larval survival records df&reen Challenger” “Collard
Georgia” and “Gloria” were above the number of etigg were noted to be oviposited
on these cultivars, the other test cultivars shostegtivorship within the number of eggs
laid on them.

4.3 Effect of crucifer cultivars on larval and pupd survival and development of
Plutella xylostella in the laboratory

The mean larval period ranged from 9.2 + 0.29 t #0.2 days between cultivars
(Table 1). Diamondback moth raised on “Riana”, ‘&reChallenger” and “Thousand
headed” cultivars had the most prolonged larvalogethat was significantly different
(Fs, 200= 6.47;P < 0.05) from “Gloria” and “Collard Georgia”. Howe¥, there was no
significant difference) in larval period in the ethtest cultivars. . Consequently, the
lowest percent pupation was observed on “Greenl€iggr’ (31%) and the highest on
“Blue Dynasty” (73%).

Highest pupal weight was observed on DBM raised@ullard Georgia” and was
significantly different (g 166= 9.13;P < 0.05) from all other tested cultivars. The lotves
weight was recorded on “Green Challenger” and “@bpgen market” although there
was no significant differenc& (> 0.05) between these two cultivars. to In additibBM
on “Gloria” and “Green Challenger” had the highpgpal development time, which was
significantly different (g s13 = 15.61;P < 0.05) from all the cultivars except “Thousand
Headed” and “Riana.

The percent DBM developing to adult was in the e 29-69 between cultivars

and was lowest and highest on “Green Challenget™Biue Dynasty” respectively.
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Table 1. Effect of crucifer cultivars on larvae topupae and pupae to adult development of
Plutella xylostella in the laboratory

Crucifer cultivar Larval period Pupal period Pupal Y%pupation %Adult
days X +SE) (days X +SE weight (mg) emergence
X +SE
Gloria 9.3+0.31" 5.3+0.13° 4.75+0.10™ 49 45
Riana 10.7+0.20% 5.1+0.10®  4.80+0.08™ 69 65
Copenhagen Market 9.840.33% 4.810.08°  4.57:0.09% 52 46
Blue Dynasty 9.8+0.16% 4.9:0.08"  4.88:0.08™ 73 69
Green Challenger 10.5+0.43% 5.3+0.12°% 4.34+0.13° 31 29
Thousand Head 10.6+0.31a 5.1+0.08%° 4.97+0.08" 65 59
Collard Georgia 9.240.29" 3.1+0.32" 5.91+0.16° 55 50

Means + SE followed by the same letter in a col@arennot significantly different(> 0.05, SNK).

Table 2. Effect of crucifer cultivars on oviposition, larvae to pupae and pupae to adult

development ofPlutella xylostella in the greenhouse and on damage scores

Mean no. of larvae

Mean no. of eggs
X X +SE

Damage score
X +SE X

Crucifer cultivar ><
+SE

Mean no. of Pupa X +SE

Blue Dynasty

Green Challenger
Collard Georgia
Riana

Thousand Headed
Gloria

Copenhagen Market

40.8+10.2% (3.60+0.22)
28.845.8% (3.30+0.17)
23.245.9% (3.04+0.21)
17.445.5% (2.64+0.34)
25.615.8% (3.11+0.26)
12.2+3.2° (2.15+0.54
22.6+1.5% (3.11+0.06)

36.9+4.9% (3.57+0.13

48.9+7.7° (3.84+0.17)
35.4+7.85% (3.46+0.24)
17.2+1.38" (2.83+0.08)
19.5+5.16"° (2.85+0.24)
21.5+4.69° (2.98+0.20)
18.0+2.65" (2.850.14)

12.8+2.42% (2.43+0.27)
20.4+3.98° (2.9520.18)
12.643.3% (2.78+0.33)
7.6+1.29% (1.95+0.22)
12.6+3.3%(2.33+0.36)
9.2+2.71% (2.04+0.30)
9.8+3.4° (2.0920.29)

2.6+0.51% (0.86+0.24)
3.2+0.37% (1.130.13)
3.8+0.58% (1.28+0.17)
1.840.58° (0.4240.28)
2.4+0.75% (0.68+0.31)
2.8+0.58% (0.96+0.18)
3.6+0.4° (1.2620.10)

Means * SE followed by the same letter in a coluara no significantly different,{> 0.05, SNK). Figures in parenthesis are transéam

means.
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4.4 Life table construction

All the life table parameters under study showeghificant disparity between the
various cultivars with the exception of the generattime (T) and the finite rate of
increase X) (Table 3). The net reproductive rate (Ro) washim range of 19.4 + 2.2 to
60.6 + 3.0. It was significantly higheP (< 0.05) on DBM pest reared on “Thousand
Head”, “Blue Dynasty” and “Riana” than on “CopenkagMarket” and “Green
Challenger” but similar to those reared on “Coll&dorgia” and “Gloria”. In addition,
the Ro of DBM on “Green Challenger” was signifidgribwer than that on “Copenhagen
Market” but the latter was similar to “Collard Gg@” and “Gloria”.

On the other hand, the intrinsic rate of increagewas significantly lowerR < 0.05)
when DBM pest was raised on “Green Challenger” tvathe other test cultivars except
“Riana” and “Collard Georgia’. As a consequenceg fbwest doubling time was
observed on DBM raised on “Green Challenger” amslwras significantly differentR <

0.05) from the other cultivars but similar to “Ghg.

4.5 Effect of crucifer cultivars on adult longevityand fecundity of Plutella xylostella
in the laboratory

Pupal weights of diamondback moth reared on diffeiltivars in the laboratory
differed significantly between the cultivars (Talfle Lower weights (§ 1455.26;P <
0.05) were observed on both “Green Challenger”“@apenhagen Market” than the rest
of the test cultivars all of which were significgnsimilar.

Adult female longevity, on the other hand, rangexhf 13.3 + 0.87 to 17.8 + 0.85
days and was significantly lower ¢F453.48; P < 0.05) on “Thousand Headed” and
“Collard Georgia” than the other test cultivars epc “Blue Dynasty and Green
Challenger”.

In addition, fecundity of adults ranged from 138.45.9 to 192.6 + 18.1 eggs between
the cultivars. DBM was significantly §Fiss= 2.25; P < 0.05) less fecund on both
“Copenhagen Market” and “Green Challenger” tharttanrest of the test cultivars all of

which showed no significant divergences.
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Table 3. Jackknife estimates and respective standaierrors of the population parameters

Crucifer cultivar RO1+SE RM1*SE  T1*SE DT1+SE LAM1+SE
Blue Dynasty 57.5%3.9% 1.140.05*°  3.6%0.1° 0.61+0.03°  3.1+0.2°
Collard Georgia 54.8+4.2%° 1.040.05®  4.0%0.2° 0.68+0.03°  2.8+0.1%
Copenhagen Market 41.0+3.3° 1.0d+0.04* 3.6%0.1° 0.68+0.03" 2.840.1%
Gloria” 49.4%4.7% 0.940.05%  4.240.2° 0.75%+0.04®®  2.5+0.1°
Green Challenger ~ 19.4%2.2° 0.740.06"  4.240.2° 0.9740.07°  2.0+0.1°
Thousand Headed ~ 60.6+3.0° 1.040.03° 4.0 #0.1°  0.68+0.02°  2.8+0.1%
Riana 55.0+3.3" 1.040.05®  3.9%0.2% 0.68+0.03"  2.8+0.2%

Means followed by the same letter in a column atesignificantly different(P > 0.05, SNK).

Table 4. Mean pupal weights, longevity and fecundjtof Plutella xylostella adults reared on

different crucifer cultivars in the laboratory

Mean pupal weight +Mean adult female longevity

Crucifer cultivar Mean adult fecundity+ SE

SE + SE
Gloria 5.3+0.13 (1.46+0.09)  17.8+0.8%2.57+0.12) 192.6+18.12 (4.61+0.17)
Riana 5.1+0.14(1.61+0.04)  17.1+0.452.82+0.04) 171.8+10.38(5.05+0.04)
Copenhagen Market 4 8+0 16 (1.46+0.03)  17.7+1.F%2.82+0.10) 146.6+11.62 (4.81£0.09)
Blue Dynasty 5.3+0.13 (1.6620.03)  16.7+1.2%(2.750.09) 169.0+11.52(5.04+0.08)
Green Challenger 4 7+0.26 (1.46+0.09)  15.7+1.72(2.57+0.12) 138.4+15.90(4.61%0.17)
Thousand Headed 5 3+0.09 (1.69+0.02)  14.3+0.922.51+0.06) 171.2+8.37(5.100.07)

Collard Georgia 5.8+0.20 (1.68+0.05)  13.3+0.87(2.48+0.06) 192.3+14.61 (5.16+0.11)

Means + SE followed by the same letter in a coluana not significantly differen(> 0.05, SNK). Figures in parenthesis are transéarmeans.
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Doubling time as a regresson did not significaettplain the intrinsic rate of increase in
the linear model. However, 52 % of the variabilitythe latter could be explained by it
(Y = 2.53 — 0.34 x; R= 0.52, Fig. 3). Similarly, fecundity explaine8 % of the total
variability found on Rm using the regression equratY = 0.0016 x + 0.2135 (R= 0.53,
Fig. 4) but the relationship was not significanta @e contrary, when there was a
significant (97 = 17.97; P < 0.05) linear relationship between pupal weightd a
fecundity using the equation Y = -4.83 + 33.2 xyohb % of variability in the dependent
variable could be explained by the regresson<R.16, Fig. 5). Pupal weight, however,
had no significant influence {fk7= 0.16;P = 0.688; R = 0.0017) on adult longevity of
DBM.

4.6 Effect of crucifer cultivars on parasitism of Plutella xylostella by Diadegma
semiclausum in the greenhouse

Although DBM raised on the cultivar “Green Challerighad the lowest pupal
weight numerically and “Copenhagen Market” the legfh there was no difference
between pupal weights of diamondback moth rearedthen cultivars under study.
Similarly, no difference was observed on percemagiism of the pest on the study
cultivars despite “Blue Dynasty” and “Thousand He#idhaving the highest and the
lowest percent parasitism respectively (Table 6).

However, there were more dead DBM larvae on théveul “Thousand Headed”
which was higher than (F6, 77 = 2.665= 0.02) on “Blue Dynasty” but similar to the rest
of the cultivars. In spite of this, an equal petaghDBM adults (F6, 77 = 0.4% > 0.05)
developed on these cultivars. Subsequently, a higaecent ofD. semiclausumadult
emergence was observed on “Blue Dynasty” which sigsificantly different (F6, 77 =
2.38;P < 0.05) from “Thousand Headed” but similar) to thst of the cultivars.

4.7 Scanning electron microscopy (SEM) study of thieaf surfaces of the

crucifer cultivars

There were observable differences on the amourapest) conspicuousness and
ramifications of epicuticular wax crystals on tharious test cultivars (Plate 8). The

cultivar “Thousand Headed” unlike the others hdueavy presence of rods and rodlets
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mixed with thin platelets of varied shape: semigdac, angular and irregular crystals.
Isolated cases of rodlets connected to plateletreggées were also observed.
Ramifications on the crystals were minimal (Pladg. 8

The cultivar “Collard Georgia” was predominantlyveoed with irregular crystal
platelets with extensive ramifications. The crystalnlike on the other cultivars, were
thinly oriented parallel to the surface. Rodletthagh minimal, were transversely
ridged and protruded from the margins of both lange minute platelets. No transversely
ridged rods were noted on the other test cultiv@anty rods existed independently
(Plate 8b).

Cultivar “Green Challenger” had neither rods nodlets but bore large and
irregularly shaped conspicuous polygon crystal$ were widely spaced parallel to the
surface (Plate 8c). “Riana” predominantly had desrystalline platelets with a blend of
shapes ranging from smooth circular crystals toygmt and irregular crystals. The
crystals were parallel to the surface and had piaeltamifications. Scanty short rods and
rodlets were mainly around the stomata and on feasadevoid of platelet aggregate
(Plate 8d).

“Blue Dynasty” also had few rods and rodlets arotimel stomata and aggregated
crystalline polygon platelets along defined patlasapel to the surface. No other test
cultivar exhibited this definite pattern. The aggates were of mixed shapes (regular and
irregular) with few ramifications. While aggregatiovas evident on irregular platelets,
the regular (angular and polygon) ones lacked dt tre latter were spread on patches
devoid of the former. There were wide spaces iwéeh these aggregates (Plate 8e).

The cultivar “Gloria” had thin, isolated wax crytstaf varied shapes. Most crystals
had minimal ramification. Minute rods were evidearbund the stomata (Plate 8f).
“Copenhagen Market” cultivar had most crystals singwdefinite shapes: rectangular,
polygon and angular to circular with smooth or mmally ramified edges (Plate 89).

There were significant differences on crystal diter®e inter-crystal spaces and
crystallite densities (Table 5). Although statiatig similar to “Copenhagen Market” the
cultivar “Green Challenger” had significantly widéfs, 203= 16.13;P < 0.05) crystals
while “Thousand Headed” had the narrowest. Spaet&den the crystals were also
significantly different (B 203 = 28.32; P < 0.05). Both “Blue Dynasty” and “Green
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Challenger” cultivars were more widely spaced tttarest of the cultivars. “Riana” had
significantly higher (E 2s= 7.76;P < 0.05) crystal density than “Green Challengerd an
“Copenhagen Market.
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Mean number of larvae (+ SE)

cultivars

Figure 4.2. Effect of crucifer cultivars on egg tolarvae development of
Plutella xylostella in the greenhouse
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Table 5. Characteristics of leaf surface waxes oégen commercial crucifer cultivars

Cultivar

Mean Crystal diameter (nm)

Mean Space between crystals (nm)

Mean

Crystallite per Mean Rod Length (nm)

Mean £ SE Mean *= SE 0.001mm? Mean = SE

Mean *=SE
dc a 260.0+13.8%°
Blue Dynasty 1146.7+82.9% (6.97+0.07) 3716.7+306.0% (8.10+0.10) (5.5610.05)
a a 150.0+15.8°
Green Challenger 2096.7+171.2° (7.550.08) 4263.3+312.3% (8.28+0.08) (4.99+0.10)
be be 276.0+6.78%°
Collard Georgia 1576.7+128.3 (7.2240.12) 1880.0+166.0™ (7.44+0.08) (5.62:0.02)
d c 306.0+23.2°
Riana 1130.0+118.0° (6.85+0.12) 1463.3+142.1° (7.16+0.10) (5.7140.08)
e c 294.0+27.3%

Thousand Head 683.3+77.9° (6.34+0.11) 1560.0+140.6° (7.23+0.09) (5.6740.1) 1673.3+121.7 (7.35+0.07)
d b 268.0+11.1%°
Gloria 1143.3+113.8° (6.88+0.11) 2090.0+155.5" (7.56+0.08) (5.59+0.04)
ab b 216.0+26.6"
Copenhagen Market 1670.0+87.0% (7.38+0.05) 2026.7+132.2" (7.55+0.07) (5.34+0.12)

Means + SE followed by the same letter in a colarennot significantly differentR(> 0.05, SNK). Figures in parenthesis are transéafmeans.
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Table 6. Effect of cultivars on parasitism ofPlutella xylostella by Diadegma semiclausum in the greenhouse

Mean pupallvI o Mean percent Mean percent adult
weight ean percent parasitism larvae dead emergence
Cultivar Meanz SE Mean + SE Mean + SE Diamondg‘?k Moth Semli:ilz(lj;%rr:ai SE
Blue Dynasty a_g%i%g; 60.445.6% (0.77+0.04)  19.7+3.8" (0.42+0.05) 30.8+4.3% (0.54+0.04) (g%gig:gz)
Green Challenger (f_'gffg_'gg) 56.245.2% (0.74+0.04)  37.843.9% (0.600.04) 26.9+3.°% (0.51%0.03) (%‘f’égig'_gzb)
Collard Georgia a_%%i%g; 50.545.4% (0.700.04)  35.044.8% (0.57+0.04) 32.5+4.4 * (0.55+0.04) (g?égig"gzb)
riana (51'_87%1%_%32; 52.844.6° (0.72¢0.03)  31.1#3.9% (0.54+0.04) 31.7+2.9 * (0.55+0.03) (%?é%ig'_gzb)
Thousand Headed (5177%1%1053) 47.6+6.0a (0.51+0.04)  45.3+5.8° (0.71+0.03) 26.1+3.2% (0.72+0.04) (gggjg_'g;)
Sloria (51'_6;311%_1063; 60.3+4.6%(0.77+0.03)  30.8+4.0%° (0.53+0.05) 27.1+3.3% (0.51+0.04) (‘(‘)_Zéig'_g;b)
Copenhagen Market g%i%%i; 56.744.2° (0.75:0.03)  26.445.4% (0.47+0.06) 29.0+2.2° (0.53+0.02) (g_zégig"gzb)

Means + SE followed by the same letter in a coluars not significantly different. Figures in paresdls for all columns except pupal weights are

arcsine square root transformation of the mearuregyin parenthesis for pupal weights are natogatithmic transformations of the means (P > 0.05,

SNK)
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Plate 8. Scanning electron micrographs of adaxiaehf surfaces of the test cultivars

Plate 8a Dense rods and rodlets mixed with thin platetets Thousand Headed

Plate8b- Irregular thin polygon crystallites mixed wittatrsversely ridged rods and rodlets on Collard Gaorg
Plate 8c large irregular platelates widely spaced butaasron Green Challenger

Plate 8d Dense platelet crystallites of varied shapes iam#&

Plate 8e Aggregated crystallite polygons of mixed shape®8tue Dynasty

Plate 8f Thin platelet crystals of mixed shapes on Gloria

Plate 8g Sparse crystallite platelets of varied shapesmdoth edges on Copenhagen Market
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CHAPTER FIVE
DISCUSSION

5.1 Effect of crucifer cultivars on oviposition ofPlutella xylostella in the laboratory

It is evident from the oviposition results that fges did not discriminate between the
cabbage cultivars for oviposition in the choicé tegardless of their varied levels of wax
bloom. This behavior has been noted before whamaihdback moth (DBM) females
did not discriminate to oviposit on normal and regtil wax bloom genotypes
(Eigenbrode and Shelton, 1990, Ulmetr al 2002). However, results of “Collard
Georgia” and “Green Challenger” as significanthpestor oviposition substrates in the
no choice test may suggest either higher levelglwfobrassicin (Renwickt al, 1992)
or the twin effect of sinigrin and alkanes (Spereteal, 1999) on these cultivars. Notable
also was the low oviposition on both “Blue Dynastéyid “Riana” in the no choice test as
opposed to that in the choice test. Renwick andwC(i®94) observed that ovipositing
female determines oviposition on a suitable hostwia distinct processes. In the first
process, visual and volatile chemical cues mediatd landing. However, vision was
observed to be of minor importance for DBM as coragao olfaction in this regard
(Coutyet al, 2006). In the second process, females whileherptant perceive gustatory
stimuli through chemoreceptors located on thesitantennae, proboscis and ovipositor
and are thus guided to accept or reject the hos.likely that landing played a critical
role where “Blue Dynasty” and “Riana” may have prodd weaker volatile blends in the
no choice test to excite sufficient ovipositionatiation. On the other hand a mixture of
volatiles from all cultivars may have confused tmales in accepting all cultivars in the
choice test. Coutgt al (2006) observed that when host plants are presemimixture,
foraging DBM are likely to land on the first row tife plants alluding to the extent of the
confusion due to host plant mixtures.

Of concern however, is the level of off-target edigsd on vials and cotton wool
surrounding the vials) in the laboratory trials. okdionary theory demands that
herbivores oviposit on patches that accord theifspoing maximum survival
opportunities (Thompson and Pellmyr, 1991; Barket Kaczka, 1996). The tendency of

the DBM female to lay eggs on non-hosts or on hthets confer poor larval fithess has
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been a subject of some discussions (Uematsu anan8stkita, 1989; Charleston and
Kfir, 2000). The paradox of such tendencies is aatovel one either and has been
explored by many authors (Courtney, 1982; LarssahEkborn, 1995; Mayhew, 1997,
Nylin and Janz2000; Graves and Shapiro, 2003; Stefanexcal 2006). Attempts to
explain the tendency have yielded few reasons nanelenable the eggs get better
adhesion on surfaces devoid of waxy substances $emand Sakanoshita, 1989;
Charleston and Kfir, 2000) and to avoid interactivith natural enemies that explore the
herbivore host plant niches (Fox and Eisenbach2)19glditionally, Sarfrazt al (2005)
indicated that DBM in Canada have developed belaaiaesistance by laying eggs on
the soil stem interface ostensibly to avoid toxestide spray on the foliage.

While the trade-off between escaping waxes, preda#ind pesticide toxicity by
DBM on one hand and optimizing survival on the otisenoble, this tendency may be
costly. This is because the fate of the eggs ahdegjuently the neonate larvae on the
perceived ‘safe havens’ is not clear in the wakalwbtic (Terryet al., 1989) and biotic
adversities on the foreign surfaces. Ampaigal (1994) indicated that mortalities of
neonates coming from eggs laid on non-hosts inesepsoportionally with the distance
to the host. Thus, the tendency of DBM to laytafiget eggs may become an oviposition
mistake if such oviposition surfaces are distantrfrthe host plant or if the action of
mortality factors is enhanced away from the hodiaih. It implies then that the cultivars
that condition the pest to elicit more of this tendy may potentially be better at warding
off the pest than the others. The un-answered igmess whether these plants are
evolving to produce novel anti-oviposition chemscdhat warrant a behavioural site
selection change in mitigation.

In this trial, cabbages had significantly more petcoff-target eggs compared to
Collard Georgia and "Thousand headed” in the chagperiment whereas “Green
Challenger” and “Collard Georgia” had a higher patcoff-target eggs in the no-choice
test. Thus within cabbages the cultivar “Green @hgler” had the highest mean off-
target egg count in the no-choice test and was gntbe highest in the choice test

although this was not significantly different frahe other cabbages.
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5.2 Effect of crucifer cultivars on oviposition andlarval survival of Plutella xylostella

in the greenhouse and on damage indices

More eggs were oviposited on “Blue Dynasty” thansveam “Gloria”. However, a
higher larval load was observed on “Green Challenti@n on the other test cultivars
followed by “Blue Dynasty” and “Collard Georgia’.nthe other hand “Riana” had the
lowest larval survival. No significant differenceasy observed on pupal load between
cultivars.

The differences in laboratory and greenhouse esolty be due to the disparity in
pest stages and populations used at the starteoftvitb experiments. While in the
greenhouse trial, monitoring started from eggs,ctwhwwere quite variable, the laboratory
trial was conducted with a uniform number of 1stam larvae. However the divergences
in oviposition and survival values did not transl&éd a similar pattern in damage scores.
For example DBM on “Blue Dynasty”, “Green Challerigand “Collard Georgia”
required double larval load that was on “GloriaddiCopenhagen Market” to realize
similar or comparable damage on the crop. Leave£dfard Georgias have been
observed to suffer more damage by DBM than thedea¥ cabbages in a previous study
(Mitchell et al 1997) and this may be attributed in part to thaxwrystals as observed in
this study. It is also possible that the crystalstained lower levels of n-alkanoic acids
that induce larvae to palpate and similarly lowarels of n-alkan-1-ol appropriate for
biting. Eigenbrode and Jetter (2002) observed thate were quantitative rather than
gualitative differences on epicuticular wax (waystals on the leaf cuticule) constituents
on crucifers with different wax blooms. The mengdnEW attributes cause pest
arrestment leading to reduction in walking and eckd feeding. It is also likely that
more energy expended on walking by the pest redawesable energy directed to
feeding and its general development hence slow throw

Besides, crowding of larvae as observed on “Gremadlénger” due to a higher larval
load, might condition individual DBM to a slowerogvth rate and smaller moth sizes
(Myerset al 1997). The moths produced under such densityetlsiresses as crowding
and reduced availability of quality food also expece delayed sexual maturation
(McDonald and Cole, 1991) due to poor ovarian dgwelent (Castelo Branco and

Gatehouse, 1999). This may impact negatively ongpeoduction rate of the subsequent
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population generation. The cultivar “Green Chalknigrealized the lowest net
reproductive rate in laboratory life table studmsvoid of crowding implying some
intrinsic factors were involved.

No cultivar seemed to interfere with egg hatchapgis observed on oviposition and
survivorship figures in the greenhouse trial. Hoarewhigher survivorship on “Collard
Georgia” and “Green Challenger” relative to thepmgited eggs confirms that indeed
some eggs were laid off the plant (Soil or potace) hence not captured in the records.
This is in agreement with the laboratory resultesehcultivar “Green Challenger” had
high percent off-target eggs whereas “Collard Gedrigad among the highest off-target

egg counts.

5.3 Effect of crucifer cultivars on larvae to pupaeand pupae to adult development of
Plutella xylostella in the laboratory and greenhouse

The larval survival and subsequently pupation ofMDBspecially on the cultivar
“Gloria” are far below what has been reported undemparable conditions in this
laboratory (L6hr and Gathu, 2002). The reasonHerdifference may partly be due to the
manner the test plants were raised. These plares grown in the open where they were
exposed to ambient ultraviolet radiation. This atidn is known to alter the quantity and
chemical composition of leaf wax deposits (Tevind &teinmuller, 1987; Barnext al,
1996; Kakaniet al., 2003). The other test plants are conventionaligedh in the
greenhouse where perhaps the level of this radiasiaifferent and hence results in a
change in food quality. Besides, resistance ofgyid@rassica genotypes to establishment
by 1st instar larvae is reportedly not expressectrwthe plants are grown in the
greenhouse (Eigenbro@eal 1995)

On both “Gloria” and “Collard Georgia” cultivars, HM had a shorter larval
development time, which was significantly differdram “Riana”, “Green Challenger”
and “Thousand Headed”. Consequently, “Blue dynasiyl “Riana” enabled a better
larval survival than the other test cultivars whitéreen Challenger offered the leas
survival chance. The latter results were confirmeder greenhouse trial.

Feeny (1976) argued that a longer duration of heatlability affords parasitoids and

predators more opportunities to attack. Eigenbreteal (1990) also observed that

54



resistance tdP. xylostellais primarily due to reduced larval survival. ThtRiana”,
“Green Challenger” and “Thousand Headed” would m@uoke the pest to predation and
parasitisation due to longer larval developmenettiran “Gloria” and “Collard Georgia”

In addition, “Green Challenger” seems to inducexstna stress to the pest as observed on
thin and emaciated larvae, lowered pupal weightd subsequently prolonged pupal
period. As a consequence, the low larvae to pugaeldpment of DBM on “Green
Challenger” relative to the other cultivars inlalboratory and green house studies except
one and in the life table studies points to thetrdontion of some intrinsic factors
towards mortality. Out of four elaborate tests @u €o larvae and larvae to puoae
development, only one green house test showed GZhaflenger as superior substrate
for survivorship of the DBM neonates. This coulddbibuted to the mix up in gustatory
and volatile crucifer blends.

Eigenbrodeet al (1990) revealed that antibiosis or non-preferemcaormal bloom
cultivars could be caused in part by polar ethaxdtactible compounds in normal bloom
cultivars. Renwick and Huang (1994) underscoredrtiportance that a balance between
chemical deterrents and attractants intrinsic &t ptants posed to the general behaviour
of insects. He, however, indicated that this bataoculd be tipped in either direction
based on factors extrinsic to the host plant. Rerhhis kind of balance is varied in the

test plants used in this study and may favour “G1@kallenger” against the DBM pest.

5.4 Effect of crucifer cultivars on adult longevity and fecundity of DBM in the
laboratory

Both food quality and amounts that are ingestedldyyae influence resource
allocation to reproduction by a pest in the subsatgeneration (Awmack and Leather,
2002). This may explain the positive correlatiomween pupal weight and reproduction
as observed in this trial. Besides, the pherombatis emitted by the females and males
is a function of the food quality ingested by laar@andolt and Phillips, 1997). In this
trial, therefore, the cultivars “Thousand Headedt dCollard Georgia” would seem to
be poorer hosts for the pest than are “Riana”, fi@loand “Copenhagen Market” by
virtue of lower longevity of adults raised from theln addition, adult females raised on

“Blue Dynasty” and “Green Challenger” lived muchosier. In spite of this, it is only
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DBM reared on “Green Challenger” and “Copenhagemkigid in the laboratory whose
females produced less eggs implying that femalgdeity may not necessarily translate
to improved fecundity by DBM.

Earlier postulates indicate that egg developmenDBM ovarioles starting from
oocytes is subject to some internal inhibition éast(Hillyer and Thorteinson, 1971).
These factors allow egg maturation to take placéhen DBM adult only once some
threshold level of eggs in the ovariole (30 or fevie attained.

The role of the tested cultivars in influencing #tengency of this inhibition is not
clear. However, it may seem that some of the asivas “Green Challenger” and
“Copenhagen Market” may have induced an increas¢hén pre-reproductive phase
(PRP), which is the time period between adult eewcg and the onset of egg
production. In addition they may have lowered eg@turation rate during the
reproductive phase (RP), that is, the period froeed of egg production to the end of it.
The two latter scenarios would compromise repradeciuccess more as evidenced in
the laboratory trials on the two cultivars “Greehallenger” and “Copenhagen Market”
leading to low fecundity of adult pest raised oanth An elongated PRP and a lowered
egg maturation rate are believed to induce abortibrihe terminal oocytes in the
ovarioles to pave way for the sub-terminal onethendevelopmental sequence, a process
that is repetitive ((Hillyer and Thorteinson, 197Xonsequently, there is low egg
production due to massive abortions.

The workers also adduced that PRP and RP are raddigitsensory stimuli from host
plants implying that the test cultivars may havel hdifferential influence on egg
development. However, attributes of food qualitythrs case are not limited to nutrition

alone but may include the relative proportionstwérmical attractants and repellants.

5.5 Life table construction

Two important population growth parameters, theraptoductive rate (Ro) and the
intrinsic rate of population increase (Rm) haverbesed extensively as pointers to a
depressed or increased growth Rf xylostellapopulation (Sivapragasaet al, 1988;
Wakisakaet al., 1992, Sala®t al., 1993; Syed and Abro, 2003). The DBM on cultivar

“Green Challenger” had a lower net reproductivee rabmpared to those on other
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cultivars in the present study. Similarly, DBM dmist cultivar showed a significantly
lower intrinsic rate of population increase complate the others except “Riana” and
“Collard Georgia”. As a consequence, “Green Chgighhad a lower doubling time.

Although differences in life table parameters of DBnay arise due to many factors
including the number of copulations (Wasegal., 2005) and synchrony between male
and female development time (Hillyer and Thorstemsl971), Environmental factors
and host plant play a significant role (Wakisakal.,1992; Sheltoret al.,1991).

Crucifer host plant leaves differ intra- and inggecifically on wax load and density
of crystalline wax structures. Lower levels of bathx attributes have been shown to
reduce survival of DBM (Eigenbrode and Espelie 1QRistuset al., 2000). Eigenbrode
and Pillai (1998) observed that waxes on glossycifats have higher concentrations of
four n-alkane-1-ols or a mixture of andp amyrins compared to the non-glossy ones.
The workers further indicated that these wax aitéb not only decreased the number
and time of neonate DBM biting the plant but alsaréased their walking time.

It is possible that different types and levels ligllbchemicals were present in the test
cultivars as evidenced in the varied shapes of gvgstals. Shapes of wax crystals are
determined by their chemical composition, which may a predominant chemical
component (Jetter and Riederer, 1994, 1995) ormrmmune (Meuseét al, 1999). This
might explain the varied responses to growth, dgekent and reproduction of the pest
in the test cultivars that mainly pits “Green Chatler” against the pest. However, it may
be difficult to make meaningful inference from wsixapes alone since the role of either
the major or minor wax chemical component on thalogly of the pest needs to be
assessed further.

The relative contribution of larger inter-crystgdaces in reducing the adhesiveness
of the pest to the plant cannot be ignored. Thig at&ribute was more conspicuous on
“Green Challenger” cultivar than others and migkplain in part the low levels of life
table parameters Ro ang. Both Generation time (T) and Fecundity data hadsitive
influence on the intrinsic rate of population irese in a linear model implying that the
two factors could be used to explain the latterweler, the relationships were not
significant hence a general linear model appeagptiat evaluating the role of these

factors in the general population dynamics of DB&&tp
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5.6 Effect of crucifer cultivars on parasitism of Plutella xylostella by Diadegma
semiclausum in the greenhouse

Diamondback moth larvae on “Thousand Headed” apgoearore disturbed in the
presence of parasitoids as evidenced in higheepetarval mortalities. Momant al
(2006) observed that the mere presence of pamsgohanced DBM mortality and
attributed this to their constant disturbance leyphrasitoid. This is indeed an important
attribute in pest control systems involving pa@ids.

However, less parasitoid numbers were recruitetiensubsequent generation in this
tritrophic set up involving “Thousand Headed”, DBiMdD. semiclausumwhich might
reduce the sustainability of the pest control optitThousand Headed” is one of the
cultivars on which DBM had the slowest growth raitedaboratory trial, an important
aspect in host plant resistance. That it shouldpsupless parasitoid development
presents a mild clash between biological contradl lamst plant resistance.

Food stress experienced by the wondering larvdkerpresence of parasitoid might
have caused the mortalities of DBM larvae and sybsetly, in case of parasitism,
extended such stresses to the developing parasitbid cultivar had the least inter-
crystal diameters; high crystal density of rods eottlets and together with Riana had the
lowest inter-crystal spaces.

The behaviour of DBM larvae is such that it wouldlently wriggle and suspend on
its silken thread upon provocation. On kales ipassible that this behaviour initiated a
process where either the silken thread or its swigek larvae detached from the plant
thereby severing a faster link back or perhapsthne rod like EW crystals easily
detached or broke thus severing the pest-plant IKknura (1987) observed that waxes
detach with eggs as a result of precipitation whikrkstadleret al (2000) indicated that
thin EW crystal threads break and can detach wigmean insects leg. Whether this
tritrophic experience with Kale as the host plamuld slow the establishment of
introduced parasitoid in predominantly kale growiageas is not clear but seems
plausible.

A body of evidence exists indicating that high E¥@nhslity hinders pest adhesion to its
host (Stork, 1980a; Stoner, 1990; Eigenbretieal, 2000) and also hinders a predator
attachment to the host plant occupied by its pEggenbrode and Jetter, 2002). However,
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as explored by the latter author the wetting agemployed by the pest and EW
chemistry additionally influence pest attachmentadhesion to host plants. A predator,
Hippodamia convergenSue’rin-Me’neville is thought to employ a hydrophilic wetting
agent to better its adhesion on less acidic (nraliaacid) and more alcoholic (n-alkan-
1-ol) substratum of EW surface of glossy crucif¢Esgenbrode and Jetter, 2002).
Holloway et al, (1977) observed that acids had larger contagleanwere less wettable
hence could not spread well on thin surfaces a®sgipbto water or other hydrophilic
substances like alcohol. It might be fair to assumeconverse mechanism for
diamondback moth as a basis for discrimination resjaglossy genotypes. Thus, the
wetting agent employed by DBM could be one thaéags well on the acidic surfaces of
waxy genotypes but hydrophobic to n-alkan-1-ol sifi@BM prefers waxy crucifer
genotypes that normally have higher acid levels.

On the other hand, the cultivar “Blue Dynasty” sedmsuitable for DBM
development and reproduction in greenhouse stutHesever, highD. semiclausum
numbers were recorded on it. This might imply ttat odour blends emanating from its
damaged parts were comparatively more attractivbaqarasitoid (Bukovinszkgt al,
2005).

5.7 Scanning electron microscopy (SEM) study of thkeaf surfaces of the crucifer
cultivars
All test cultivars with the exception of “Blue Dystg” had a heterogeneous
arrangement of wax crystals suggestive of diffupedes as a mechanism of their
secretion (Whitecross and Armstrong, 1995). Bothivars “Green Challenger” and
“Blue Dynasty” had wider gaps between their crystald crystal aggregates respectively
than all other test cultivars (Table 6).

Markstadleret al (2000) argued hypothetically that gaps betweenx waystals
contain air spaces, which diminish the action aftism cup that should otherwise enable
insects to attach effectively on leaves and othentparts. Wider gaps would therefore
harbor more air spaces reducing the effective lathent and foraging ability of
herbivores. This may explain in part the reductibtarval survival (Table 1, Table 3 and

Fig 4.2) on “Green Challenger” thereby lending supgo this hypothesis. However,
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DBM on the cultivar “Blue Dynasty” had a fairly lbet survival. The aggregation of its
wax crystals, which, minimizes inter-crystal spadmst maximizes gaps between
aggregates seems a plausible reason. This aggmre@ddéo makes it realize a high crystal
density as observed in this trial.

Subtle divergences observed on the conspicuousriegax crystals may imply that
there existed variations on the levels of singb@liclasses on the various test cultivars.
Gultz et al (1992) observed that crystallization of waxestaglace when concentration
of single lipid class is at least 40% of the totax constituents. The waxes on the
cultivar “Collard Georgia” had thin crystal plated€reduced conspicuousness) spread on
the leaf surface with no clearly defined boundaf®ate 1b). This may suggest single
lipid concentrations just above threshold levels.

Whatever the blend of inherent chemicals on its esax“Collard Georgia’
encouraged the pest to lay a higher proportiontsokggs on the leaves rather than on
foreign surfaces under choice test. The role afsvarsely ridged rodlets, unique to this
cultivar, in enhancing this scenario is not cle&milarly, the cultivar “Thousand
Headed”, with its significantly smaller crystalscged more egg laying on the leaf and
leaf parts than on other surfaces in the no cht@se Conversely, the prominent and
large crystals as found on “Green Challenger’ mdtelicited more oviposition on
surfaces other than the leaf and other plant péhe.damage scores on the various test
cultivars show no difference in damage caused éy#st on them (Table 2).

The crystallite densities obtained on our testicals (150-306) are below what was
recorded on the normal bloom (817) and above thagjlossy (88.8) cultivars used by
Eigenbrode and Shelton (1990).
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

Two cultivars “Collard Georgia” and “Thousand Hedtleave shown comparatively
better attraction to DBM moth for oviposition thather tested cultivars. On the other
hand, most of the oviposition results in the labmmaand greenhouse have indicated that
headed cabbage cultivars and more particularly éGi@hallenger” condition the pest to
lay a good percent of its eggs away from the plaan the leafy ones.

None of the tested cultivars in their current statghout genetic manipulations)
gualifies as good candidates for either toleranceesistance against the diamondback
moth pest contrary to the claims of the seed companvolved in their manufacture.
Besides, survivorship of DBM on different cultivarglicates that those cultivars with
higher inter-crystal spaces realize a lower netagyctive rate as well as low intrinsic
rate of population increase. The plausible reasdha divergences on pest attachment to
the plant caused by this wax attribute. The sulatéances on life-table parameters of the
DBM pest on the test cultivars indicate that hdahpresistance attributes is displayed
also on non-glossy varieties.

Fecundity of female DBM adults seem to be indepetdé their longevity since on
the cultivars “Green Challenger” and “Blue Dynast@ long duration of stay still
resulted in low fecundity.

The cultivar “Thousand Headed” seems to expos®Bid developing larvae to food
stress and early mortalities in the presencB.o$emiclausumThus more larvae die or
are lost on “Thousand Headed” due to a more indeffect of parasitoid disturbance.
While this may favour pest control by reducing pespulation, the other implication is

that less parasitoid are recruited or requiredhéndubsequent generation.

6.2 Recommendation
In summation, the cultivars “Collard Georgia” anthbusand Headed” can be used
as trap crops against the pest in an intercroptsitu where they are not the main crops.

This may help to distract the pest from laying eggghe main cabbage crop. Moreover,
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since cultivars like “Green Challenger”, “Gloriah@ “Copenhagen Market” consistently
condition the pest to lay eggs away from the planth cultural practices as earthing-up
or flooding may be useful in enhancing mortalitedsthe pest away from the crop. In
addition, the factors involved in this repulsiorosld be investigated and identified with
the hope of exploiting this IPM component.

Exploratory study of wax ultra-structure and chergigh other cultivars not tested in
this work may be a faster and less tedious wayEening large number of test plants
for host plant resistance against this pest. Thidysshould, however, incorporate inter-
crystal spaces since earlier studies have alway®reg this important aspect.
Consequently, it would be interesting to subjece tharious test cultivars to
sprinkler/overhead irrigation if the differencesiter-crystal wax spaces can enhance
mortalities on cultivars with higher spaces.

An IPM that involves an intercrop of either “ThoansaHeaded” or “Collard Georgia”
in cabbage fields and an introduction of the exptcasitoidD. semiclausunshould be
tried to enhance DBM mortalities. However, the @iog system should ensure that
parasitoid introduction is efficient and sustairatd reduce costs associated with their re-

introduction.
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