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ABSTRACT 



ix

 

Kale (Brassica oleracea var. acephala) is an important source of income to many small-scale 

farmers in Ethiopia and is a major dietary component for many Ethiopians. The production of kale 

is, however, constrained by several pests among which diamondback moth (Plutella xylostella) is 

the major insect pest. Control of diamondback moth has mainly been by pesticides, which has 

resulted in pest resistance and pollution of the environment. This study attempts to look into 

alternative environmentally friendly ways of controlling diamondback moth larvae on kale in 

selected site in Ethiopia.  

 

Field studies and Screen house experiments were conducted to determine the effect of 

intercropping and livestock manure on the diamondback moth larval density and damage on kale.  

Parasitoid species and percentage parasitism are also determined. Intercropping kale and onion 

(Allium cepa) both with and without manure significantly reduced (P<0.05) the densities of P. 

xylostella larvae and damage on kale leaves compared to control plots. The lowest larval densities 

and damage on leaves were recorded in kale- onion intercropping with manure application. In 

addition significant reduction (P<0.05) in leaf damage was observed in Screen house experiments 

of kale grown on manure applied soil. Moreover, significantly higher marketable leaf weights were 

recoded in kale monocrop with the application of livestock manure as compared to kale monocrop 

without manure application. 

 

 Oomyzus sokolowskii (Kurdjumov) (Hymenoptera: Eulophidae) which is larval-pupal parasitoid 

and Apanteles spp. (Hymenoptera: Braconidae) which is larval parasitoid were recorded on 

diamondback moth during the study. Parasitism in diamondback moth larvae and pupae by these 

parasitoids were 16.33%. with O. sokolowski 9.96% and Apanteles spp. 6.37%. The results in the 

present study indicate that intercropping kale with onions can be effectively used to suppress 

diamondback moth larval density, reduce leaf damage and improve yield of kales.  

 

  



 

1. INTRODUCTION 
 

Kale (Brassica oleracea L. var acephala) is one of the main crucifer species grown in the 

eastern and southern African region (Lohr and Gathu, 2002). Crucifers, especially head 

cabbage and kale are among the major vegetables produced both by small-scale farmers and 

by the state farms in Ethiopia (Dessalegn et al, 1994). 

 

Kale is grown mainly for home consumption and domestic markets. In addition, this 

vegetable serves as a source of cash for small-scale farmers, particularly women and youth in 

rural and peri-urban areas (Lohr and Gathu, 2002). It is also excellent source of calcium, folic 

acid, vitamin c, and potassium (Roes and Chapman, 2005; Weaver, 1990). However, 

productions of crucifers including kale is often constrained by damage caused by a range of 

insect pests such as diamondback moth (Plutella xylostella L), aphid (Brevicoryne brassicae 

L., Lipaphis erysimi (Kallen bach), flea beetle (Phyloferta spp.) and cabbage leaf miner 

(Chromatomyia horticola (Gourcau)) in Ethiopia (Abate and Ayalew, 1992). Of these, 

diamondback moth is the most important both in distribution and in severity of damage in 

Ethiopia and in other parts of the world, especially in the tropics (Talekar and Shelton, 1993; 

Ayalew et al., 2002). 

 

Diamondback moth is an oligophagous insect which feeds on plants that contain mustard 

glycosides (Thorsteinson, 1953; Ooi, 1986). Diamondback moth is believed to have 

originated in the Mediterranean area, and is now reported to be the most widely distributed 

lepidopterous pest in many parts of the world where crucifers are grown (Talekar and 

Shelton, 1993). This pest thrives well in tropical, subtropical and temperate climates. Under 

warmer and humid climatic conditions, the pest is able to develop rapidly throughout the year 

with new generations emerging every two to four weeks. Consequently, pest densities 

increase significantly in a very short period of time (Talekar and Shelton, 1993; Lohr and 

Gathu, 2002).   
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Diamondback moth is a major insect pest of crucifers in eastern and southern Africa. Farmers 

in Africa largely depend on the use of insecticides for the control of this pest. These 

chemicals are frequently applied and thus uneconomical to achieve effective control (Lohr 

and Gathu, 2002). Ayalew and Ogol (2006) reported diamondback moth density associated 

with heavy pesticide usage and low level of parasitism in crucifer fields of Ethiopia. Globally 

over a billion US dollars is spent on pesticides each year to control this voracious pest 

(Talekar and Shelton, 1993). However, diamondback moth has developed resistance to many 

of the synthetic insecticides in many countries (Ooi, 1986; Talekar and Shelton, 1993). As a 

result, many farmers have resorted to the use of insecticide cocktails as well as increased 

spraying frequency in order to achieve effective control of diamondback moth (Kibata, 

1996).  

 

Continued dependence and usage of insecticides over the years has resulted in the increased 

problem of pesticide resistance, residues in the harvested product, toxicity to farmers, and 

loss of beneficial insects (Abdulkadir, 1992). The problem of insecticide resistance as well as 

environmental and consumer health hazards associated with insecticide residues in plant 

materials have recently changed the attention of scientists towards looking for alternative 

methods for the control of diamondback moth. This has encouraged research and investment 

for safer alternative control methods that can reduce pesticide residue (Abdulkadir, 1992; 

Said and Itulya, 2003).  

 

Cultural practices are reported to be efficient and ecologically sound methods for the control 

of diamondback moth (Talekar and Shelton, 1993). Successful use of Indian mustard 

[Brassica juncea (L.) Czern] as a trap crop for management of diamondback moth on 

cabbage has been reported from India (Srinivasan and Krishnan, 1992). Intercropping 

cabbage (Brassica oleracea var. capitata) with tomato (Lycopersicon esuclentum) or garlic 

has shown significant reduction of larval density of diamondback moth in cabbage (Andrews 

et al., 1992; Bach and Tabashnik, 1990). Collard (Brassica oleracea var. encephala) 

intercropped with onions (Allium cepa) or beans (Phaseolus vulgaris L.) had significantly 

lower infestation and damage on its leaves than unsprayed collard mono-crop (Said and 

Itulya, 2003).   
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In Ethiopia, diamondback moth had not been considered a serious insect pest on Brassica, 

until recently when pesticide use becomes less effective in the control of this pest in the Rift 

Valley of Ethiopia (Ayalew et al., 2002). The aim of the present study is to evaluate the 

effect of intercropping with onion (Allium cepa) and application of livestock manure on the 

density of diamondback moth and on damage to kale (Brassica olerace L. var. acephala). 
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2. LITERATURE REVIEW  
 

2.1. Biology of diamondback moth 
 

Life cycle of diamondback moth is dependent upon temperature, and typically it completes 

its life cycle in about 25-30 days (Harcourt, 1957). It is not known whether any of the life 

stages of diamondback moth undergoes diapauses or hibernate (Talekar and Shelton, 1993) 

 

Egg stage. The egg is minute, yellowish white to yellowish green cylindrical to oblong with 

average dimensions of 0.48 x 0.25mm (Bhallaa and Dubey, 1986). The incubation period 

ranges from three to six days depending on the temperature (Talekar   and Shelton, 1993). 

 

Larval stage. The larvae are gray-green with a dark head in the first three instars and green 

with greenish brown head in the final instars, measuring 10-12mm in length and moderately 

stout, and smooth with short scattered hairs (Bhallaa and Dubey, 1986). The larval body form 

tapers at both ends, and a pair of protrudes prolegs from the posterior end, forming a 

distinctive "V" and the prolegs are five in pairs (Harcourt, 1957). The diamondback moth has 

four instars. Average development time is about 4.5, 4, 4, and 5, days, respectively (Talekar 

and Shelton, 1993). Overall, length of each instar rarely exceeds 1.7, 3.5, 7.0, and 11.2 mm, 

respectively, for instars 1 through 4. Mean head capsule widths for these instars are about 

0.16, 0.25, 0.37, and 0.61 mm (Harcourt, 1957). 

 

The first instars larvae initially wonder over the leaf surface and feed as the miners whereas 

older larvae feed from the lower leaf surface by scraping the epidermis of the crucifer plants 

and usually consume all tissue except the wax layer on the upper surface, thus creating a 

“window” in the leaf (Bhallaa and Dubey, 1986; Talekar and Shelton, 1993). The fourth 

instar larvae, consume the largest quantity of leaf tissue (Salinas, 1986). At the slightest 

disturbance, the larvae wriggle rapidly and drop down from the leaf, suspending themselves 

by silken threads (Bhallaa and Dubey, 1986).  

 

Pupal stage. The mature caterpillar forms a loose silken cocoon. As a result, its body 

becomes shortened longitudinally but remains active (Bhallaa and Dubey, 1986). The mature 
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pupae are 6mm long and of light in color. The pupal stage takes from 7 to 11 days (Abraham 

and Padmanabhan 1968, cited in Salinas, 1986). The newly formed pupa is yellowish green, 

but in a day or two it becomes brown in color until the time of adult emergence (Bhallaa and 

Dubey, 1986). 

 

Adult stage .The adult is a small, slender, grayish-brown moth with pronounced pair of 

antennae. It is about 10-12 mm long, and marked with a broad cream or light brown band 

along the back. The band is sometimes constricted to form one or three light-colored 

diamonds on the back, which is the basis for the common name of this insect. When viewed 

from the side, the tips of the wings turn upward slightly. Adult males and females live about 

12 and 16 days, respectively (Harcourt, 1957), and for 3 to 6 days without food and for 11 to 

16 days provided with food (Salinas, 1986). Adults emerge during the evening and rarely in 

the morning hours. Females deposit eggs for about 10 days. The moths are weak fliers, 

usually flying within 2 meters of the ground, and not flying long distances. However, they 

are readily carried by the wind (Harcourt, 1957). 

 

The male moth is dark brown with a pattern of three consecutive white diamonds on its back. 

The female moth is tan colored and its diamond patterns are less distinct than are those of the 

male (Borror et al., 1992). Adults are active at dusk and throughout the night. During the day 

if plants disturbed the moth would see flying from their resting places (Talekar and Shelton, 

1993).  

 

Salinas (1986) reported the adults started copulating almost immediately after emerging from 

the pupae because the females produce a strong sex pheromone, which attracted the male. 

The individuals copulating pair face opposite directions and hang down wards with the 

female above. Mating lasts one to two, hours’ females mate only once. Oviposition begins in 

the evening; the majority of the eggs are laid before midnight with peak oviposition 

occurring between 1900-2000 hours (Talekar and Shelton, 1993). The ratio of eggs laid on 

the upper and lower leaf surfaces approximately 3:2 and very few eggs laid on stems and leaf 

and petioles (Harcourt, 1957). Eggs are laid preferentially in the cavities of leaves rather than 

on the smooth surface. Temperature, trichomes and waxes on leaf surface all influence 

oviposition (Talekar and Shelton, 1993).  
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The oviposition period lasts three to ten days depending on environmental conditions and 

peak oviposition occurs on the first day of emergence (Salinas, 1986). The fecundity of 

diamondback moth depends on many factors including genetic and nutritional condition of 

the larvae, morphological nature of the host plant, climatic conditions, and the presence or 

absence of host plants for oviposition (Salinas, 1986). Fecundity as low as 18 eggs, and as 

high as 306 eggs per female was reported by some workers (Chelliah and Srinivasan, 1986; 

Talekar and Shelton, 1993). The incubation period is influenced mainly by temperature and 

lasts 5 to 6 days (Talekar and Shelton, 1993). 

 

2. 2. Ecology of diamondback moth 
 

Diamondback moth occurs wherever crucifers are grown and is believed to be the most 

universally distributed of all Lepidoptera (Talekar and Shelton, 1993). There are numerous 

insects, which, like diamondback moth have a worldwide distribution. These cosmopolitan 

insects have certain common characteristics, which enable them to survive in the varying 

climatic conditions present over wider areas of their distribution. Besides, the potential to 

colonize under varying conditions, their strong dispersal or migrating capacity is 

indispensable to the increase of their distribution range (Chu, 1986). Although the origin of 

diamondback moth is not clear, judging from its close relationship with the cruciferous plants 

it is assumed that this insect is originated in Asia Minor (Talekar and Shelton, 1993). From 

there the moth spread to other areas with the spread of cultivation of cruciferous vegetables.  

 

The strong flight ability of the moth helped its distribution to even wider areas (Harcourt, 

1986). This moth can remain in a continuous flight for several days and cover distance of 

1000Kms per day. Wind is reported to be a major factor in diamondback moth migration 

from one area to the other (Chu, 1986; Honda, 1992; Talekar and Shelton, 1993).  Honda 

(1992) suggested that density of source population Metrological conditions when the adults 

take off, the physiological condition of the migrants and the temperatures of the upper air in 

which they migrate affect diamondback moth migration. Seedlings contaminated with 

diamondback moth reported as sources of infestation in the United States (Talekar and 

Shelton, 1993).  
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The presence of crucifers throughout the year in the tropics and subtropics allows the pest to 

be active through out the season and hence the simultaneous occurrence of all stages of the 

insect. The mechanism of its occurrence in the temperate areas where crucifers are not found 

year round is not clearly known (Talekar and Shelton, 1993). 

 

Diamondback moth larvae only feed on plants in the family Cruciferae, which contain 

mustard oil and their glycosides (Hillyer and Thorsteinson, 1971). Nayar and Thorsteinson 

(1963) determined that the glucosides sinigrin, sinalbin, and glucocheirolin produced by 

crucifer plants are important to stimulate diamondback moth feeding. Virtually all-

cruciferous vegetables attacked by diamondback moth including cabbage (Brassica oleracea 

L. var. capitata), broccoli (B. oleracea L. var. italica ), cauliflower (B. oleracea L. var. 

botrytis), collards (B. oleracea L. acephala), kale (B. oleracea L. var. alboglabra), kohlrabi 

(B. oleracea L. var. gongylodes), mustard (B. juncea (L.)), radish  (Raphanus sativus L.), 

turnip (B. rapa L. pekinesis), Chinese cabbage (B. rapa L. cv. gr. Pekinensis ), watercress 

(Nasturtium officinale R. Br.), and Brussels sprouts  (B. oleracea L. var. gemmifera),  

(Capinera, 2001). Ddiamondback moth also feeds on many different cruciferous weeds, 

including yellow rocket, Barbarea vulgaris; shepherds purse, Capsella bursa-pastoris; 

pepper weed, Lepidium spp.; and wild mustards, Brassica spp., which serve as important 

alternate hosts for the pest, especially in spring before crucifer vegetable crops are planted 

(Talekar and Shelton, 1993; Capinera, 2001). 
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  2.3. Damage and economic importance of diamondback moth 
 

P. xylostella is a noted defoliator of numerous cruciferous plants in many areas of the world. 

In some cases, this insect considered as the most important limiting factor of successful 

production of cruciferous vegetables, particularly in the tropics (Lim, 1992). In Ethiopia , 

reported yield loss on cabbage from the pest ranges between 36.1 and 91.2 percent 

corresponding to 12 to 48.7 tons/ha , respectively ( Gashawbeza Ayalew, 2006). Total crop 

failure is common in seasons of heavy infestation in central rift valley areas (Ayalew and 

Ogoal, 2006).Most of the chemical control in crucifer production directed towards 

diamondback moth control. A conservative estimate of its control cost globally is USD 

1billion annually (Carl, 1992). 

 

Although such a large amount of money spent for the control of the pest, the level of control 

set the expense is low because of the physiological peculiarity of the insect to acquire 

resistance to insecticides very quickly, especially in tropical areas in a desperate attempt to 

achieve reasonable control (Talekar and Shelton, 1993). Carl (1992) indicates that over 60% 

of the market value of the cabbage crop is spent for the purchase of pesticides in Asian 

Countries with out considering cost of in put including pesticides application.  

  

Damage is caused by larvae feeding on leaves, or by the presence of larvae, which 

contaminate and lower the quality of the product. Although they are small in size relative to 

other lepidopteran pests such as cabbage looper, (Trichoplusia ni,) and imported 

cabbageworm, ( Pieris rapae) densities of diamondback moth larvae can reach levels that 

result in total damage of leaves. For crops such as broccoli, the presence of larvae in florets 

can result to the total rejection of the produce (Capinera, 2001). 
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2.4. Control of diamondback moth 
 

The control practices against diamondback moth range from cultural control to the recent 

and novel techniques that include the use of pheromones, growth regulators and insect 

sterile technique (Talekar and Shelton, 1993; Robert et al., 1996). The methods followed 

vary from area to area depending on the scale of production and the availability of the 

control measures. In small scale farming of several tropical and sub tropical areas, 

insecticides are the main control methods due to the lack of proven effective and 

affordable insecticides (Talekar and Shelton, 1993).  

 

2.4.1. Chemical control 

 

There are several pieces of information available on the chemical control of diamondback 

moth around the world. Also every year more information appears on new products and 

methods. This is probably due to the species becoming more resistant to the commonly 

used insecticides. In fact, as early as 1953, diamondback moth was reported to be the first 

Lepidoptera reported to be resistant to DDT. This was just a few years after the 

commencement of the commercial use of DDT (Anskersmit, 1953), and later it was 

reported to be resistant to the microbial insecticide Bacillus thuringiensis (Berl.) (Kirsch 

and Schmutterer, 1988; Tabashnik et al., 1990).  

 

Georghiou (1981) reported diamondback moth to be resistance to 36 insecticides in 14 

countries. In many regions of the world, classes of insecticides, including 

Organophosphates, carbamates, organochlorines, pyrethroids, and some botanicals no 

longer were able to control diamondback moth (Tabashnik et al., 1990; Talekar and 

Shelton, 1993).  In North America, diamondback moth was reported to be more than 100 

fold resistant to the pyrethroid, permethrin, and the carbamate, methomyl, and more than 

200 fold to B. thuringiensis (Shelton and Wyman, 1992).  
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However, insecticide control has remained the major method of diamondback moth 

control for commercial growing large-scale farmers despite the resistance development. 

Talekar and Shelton (1993) in their review show that, insecticide use pattern, is 

dependent on geographic location and time of application. The main reasons behind this 

changing pattern are the development of new and more effective insecticides and the loss 

of older insecticides because of resistance. None has been found to remain effective for a 

quite large period including the Insect growth regulators (IGRs), botanical pesticides like 

Neem, macro cyclic lactones, and pathogens like B. thuringensis, baculoviruses and 

fungi. 

 

2.4.2. Cultural practices   

 

The basic principles of cultural control methods are to manage the immediate 

environment so that there is disruption of the life cycle of the pest. Some of the classical 

control measures that tried with some success are intercropping, use of sprinkler 

irrigation trap cropping, rotation and clean cultivation (Talekar and Shelton, 1993).  

 

Intercropping: The production practices in which this "neighborhood alteration" effect 

can be used as a pest management tool to reduce insecticide applications to the main crop 

(Srinivasan and Krishnan, 1992). Intercropping involves planting two or more crops 

simultaneously or sequentially in various row arrangements within a field. Specific plants 

may be chosen as intercrops because they restrict or inhibit the pest insects' ability to 

locate and colonize the main crop (Talekar and Shelton, 1993). 

 

Cabbage, when intercrop with tomato, has been reported to inhibit or reduce 

diamondback moth oviposition (Sivapragasam et al., 1988; Batch and Tabashnik, 1990). 

The reduction in oviposition and subsequent development of the pest was essentially due 

to emission of volatile compounds. Intercropping cabbage with garlic has been reported 

in Central America (Andrews et al., 1992). Intercropping collard (Brassica oleracea var. 

acephala ) with onions (Allium cepa) or beans ( Phaseolus vulgaris L.) show significantly 
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lowered moth larvae populations and damage on collard leaves compared to unsprayed 

collard mono-crop (Said and Itulya, 2003). 

 

Sprinkler Irrigation: Overhead irrigation has been reported to reduce diamondback moth 

injury on crucifers. This reduction is believed to be caused by drowning or physically 

dislodging the insect from the plant surface. In addition, when operated at dusk it also 

reduces mating related flight activity and presumably oviposition (Talekar et al., 1986; 

Sivapragasam et al., 1988; Wakisaka et al., 1992; Talekar and Shelton, 1993).  

 

Trap cropping: which has been suggested as a cultural control practice for use with in an 

over all pest control management program (Hooks and Johnson, 2003). In India, 

Srinivasan and Krishna (1992) reported that when mustard was alternated with every 15 

to 20 rows of cabbage, diamondback moth colonized the mustard and spared the main 

cabbage crop. Recently, Shelton and Nault (2004) reported that the more viable approach 

would be to use a trap crop that the insect pests prefer to oviposit on but on which their 

offspring could not survive. For such an approach and from their work Barbarea vulgaris 

var. arcuata has a great potential as a dead-end trap crop for improving management of 

diamondback moth. 

 

Rotation: Crop rotation rarely practiced for control of diamondback moth populations in 

intensive vegetable growing areas of the tropics and subtropics because of the high 

prices, which crucifers fetch. However, continuous planting of crucifers allows 

continuous generations of diamondback moth that leads to frequent use of insecticides 

and the development of resistance, crop rotation may become a necessity (Hama, 1992). 

 

Clean cultivation: Clean cultivation can be an important factor in the management of 

diamondback moth. Planting seedbeds away from production fields, and plowing down 

crop residues in seedbeds and production fields is an efficient and easy management 

practice. Therefore, it required cleaning crop residue, because of when crop residues left 

in the field, that diamondback moth population surges (Shelton and Wyman, 1992). 

 



12

 

2.4.3. Use of host plant resistance 

 

Crucifer crops differ somewhat in their susceptibility to attack by diamondback moth. 

Mustard, turnip, and kohlrabi are among the more resistant crucifers (Stoner, 1990). 

Talekar and Shelton (1993) from their review showed that, several studies have surveyed 

existing germplasm for plant resistance to Lepidoptera, including diamondback moth. 

Moreover,they summarized that Varieties also differ in susceptibility to damage by 

diamondback moth, and a major component of this resistance is the presence of leaf wax. 

Glossy varieties, lacking the normal waxy bloom and therefore green rather than grayish 

green, are somewhat resistant to larval, therefore larvae apparently spend more time 

searching, and less time feeding, on glossy varieties. Producing resistant crucifers 

through transgenic carrying (Bacillus thuriengensis) Bt genes, to feeding by larvae of a 

range of insect pests: diamondback moth, cabbage looper, imported cabbageworm (Metz, 

et al., 1995). 

 

2.4.4. Use of pheromones and pheromone traps  

 

The sex pheromone emitted by female diamondback moth has been identified as a three-

component mixture containing (Z)-11-hexadecenal, (Z)-11-hexadecenylacetate, and (Z)-

11-hexedecenyl alcohol, and is commercially available (Chisholm et al., 1979). High 

concentrations of the pheromone have been used for mating disruption of diamondback 

moth in cabbage fields in Japan, but the strategy is not cost effective (Talekar and 

Shelton, 1993). In the U.S., successful control of diamondback moth as achieved with 

mating disruption pheromone supplemented with some insecticide applications (Mitchell 

et al., 1997). However, Schroeder et al. (2000) reported that mating disruption of 

diamondback moth was not effective even under very controlled conditions. 
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2.4.5. Biological control 

 

Numerous parasitoids and predators attack all stages of diamondback moth with 

parasitoids being the most widely studied. Additionally, polyphagous predators such as 

birds and spiders often attack adults. Over 90 parasitoid species are reported to attack 

diamondback moth (Goodwin, 1979), only about 60 of them appear to be important. 

Among them six species attack diamondback moth eggs, 38 attack larvae and 13 attack 

pupae (Lim, 1986, cited in Talekar and Shelton, 1993). Egg parasitoids belonging to the 

polyphagous genera of Trichogramma and Trichogrammatodic contribute little to natural 

control and require frequent mass releases. Larval parasitoids are the most predominant 

and effective. Many of the effective larval parasitoids are host specific and belong to two 

major genera, Diadegma and Cotesia (=Apanteles); a few Diadromus spp., most of which 

are pupal parasitoids, also exert significant control. The majority of these species came 

from Europe where diamondback moth is believed to have originated. In Moldavia in 

Romania, 25 species of parasitoids occur and provide 80-90% parasitism of diamondback 

moth (Talekar and Shelton, 1993). 

 

Southeast Asia, Pacific Islands, Central America, the Caribbean and most of the sub-

Saharan Africa are constantly plagued by diamondback moth because these areas lack 

effective larval parasitoids. This is in contrast to countries in continental Europe and 

North America that are endowed with many Diadegma, Cotesia and Diadromus spp.  

(Talekar and Shelton, 1993).  

 

Due to the substitution of chemical measures, a significant contribution to diamondback 

moth control is expected from parasitation of eggs, larvae and pupae by beneficial insects 

(Goodwin, 1979). Introduction of exotic parasitoids to control pest insects and weeds has 

been practiced for decades. This approach has considerable promise in the control of 

diamondback moth (Talekar and Shelton, 1993). There are many examples of 

suppression of diamondback moth populations using imported parasitoids (Goodwin, 

1979; Ooi, 1990; Ooi and Lim, 1989; Sastrosiswojo and Sastrodihrdjo, 1986). 

Waterhouse and Norris (1987), cited in Wakisaka et al. (1992) selected diamondback 
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moth as one of several species for the successful classical biological control. Their major 

reason for suggesting this species was that biological control has already been achieved 

in several parts of the World with parasitoids (Wakisaka et al., 1992). 

 

Fungi especially in the areas with abundant rain fall and a high mean temperature (Ooi, 

1986), granulosis virus (Muckenfus, et al., 1992) and nuclear polyhedrons virus 

sometimes occur in high-density diamondback moth larval populations (Taleker and 

Shelton, 1993). 

 

Oatman and Planter (1969) listed Syrphids larvae; adults of Coccinellids, Geocoris, 

Orius, Nabids, and Chrisopids as possible predators of P. Xyllopsella. Ullyett (1947) in 

South Africa followed diamondback moth populations through several periods and 

recorded total mortality between 83 and 93 %.  Of this 23 % was attributed to predation 

by Staphylinids, wasps of the genus Polistes, Syrphids, Chrisopids, Hemerobids, and 

Anthocorids; among which Syrphids and Anthocorids were the most important. 

 

2.4.6. Integrated pest management 

 

For the past 30 years, farmers depended exclusively on insecticides to control 

diamondback moth, but resistance to presently available insecticides and lack of 

alternative insecticides has stimulated research on identification of other control measures 

(Ooi, 1990  ) Therefore, the availability of several management options including cultural 

and biological coupled with problem associated with insecticide use in diamondback 

moth management have created a good opportunity to use an IPM approach for Brassica 

growers (Talekar and Shelton, 1993  ). For example, the introduction of a production 

break, threshold based insecticides application such as Bacillus thuringensis based 

products and implementation of biocontrol-based approach, through either conservation 

or introduction of parasitoids and predators, to increase biodiversity with in an 

assemblage of natural enemies was observed in several Asian countries and Australia ( 

Furlong et al., 2004). 
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3.  OBJECTIVES      
          

3.1 General objectives 
 

¾ To boost kale production through the development of Integrated Pest 

Management (IPM) against diamondback moth.   

 

3.2 Specific objectives   
 

¾ To investigate the effect of intercropping and composted livestock manure 

application on the densities diamondback moth and larval damage on kale leaves,  

 

¾ To identify and determine the status of indigenous parasitoids and predators of 

             diamondback moth on kale in the study area. 
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4. MATERIALS AND METHODS  
 

4.1 Description of the study area 
 

The study was conducted at Luke ICIPE Bio-farm horticulture demonstration field 

located in Cheha Wereda, southwestern Ethiopia, about 190 km from Addis Ababa 

(Fig.1). It has a grid reference of N  0350 25’ 32’’ latitude and E  370  35’ 35’’ longitude, 

and 1763 m.a.s.l. elevation. 

 

The soil is sandy clay loam, with organic carbon content of 2.36% in the upper 0-30cm, 

profile with the pH 7 .It has total nitrogen content of 0.87%. Soil analysis also indicated a 

P level of 1540 ppm and a K level of 1672 ppm. 

 

The area receives a bimodal rainfall with a short rainy season from April to June and a 

long rainy season from July to October with an annual rainfall of 1194 mm. The amount 

of rainfall received during the study season was 177.5 mm with variable monthly 

distribution (Appendix 1).  

 

The monthly minimum temperature recorded in the area ranged from 7.9 oC to 13. 9 oC, 

while the monthly maximum temperatures ranged from 30.1oC to 33.5oC with variable 

monthly mean temperatures (Appendix 1).  
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Fig.1 Map of Cheha Wereda (Ethiopian Government, Ministry of Land Reform and 

Administration, 1975).  
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Fig.2 Map of study site (Luke) (Ethiopian Government, Ministry of Land Reform and  

        Administration, 1975). 
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The common crops grown in the area are enset (Ensete ventricosum), maize (Zea mays), 

tef (Eragostis tef), chat (Catha adulis), and kale (Brassica oleracea L. var acephala). 

Kale is the most known crucifier grown by small-scale farmers within the Guragae zone 

over a long period. Farmers grow kale usually in backyard farm. 

 

The study area is located in the lowland and the climatic conditions favor the rapid 

development of diamondback moth  on kale and other crucifier plants throughout the 

growing season. The field experiments was conducted from November 2005-April, 2006 

while Screen house experiments was conducted from April-June, 2006. 

 

4.2 Experimental design and treatments used in field and Screen house  

      experiments 
     

Field experiment 

In the field experiments, kale monocrop with or without application of livestock manure, 

and Kale and onion intercrops with or without application of livestock manure were used 

as treatments. Kale monocrop without livestock manure served as control. The study was 

conducted on a 264.5 m2 piece of land with 1.5m x 5m experimental plots  each separated 

by a one-meter path . A randomized complete block design (RCBD) with five 

replications was used (fig. 3). Composted livestock manure was manually broadcasted on 

experimental plots at a rate of 2 kg/m2 one month before transplanting following the 

recommended practice in the Bio-farm.  

 

Two-month old Onion (Allium cepa) seedlings were transplanted on experimental plots 

with 30cm and 30cm spacing between plants and between rows as recommended in the 

Bio-farm. Fifteen days later, one-month-old kale (Brassica oleracea acephala) seedlings 

were transplanted as a monocrop or intercropped with onion seedlings with 30cm and 

50cm spacing between plants and between rows, respectively.  

 

In addition, experimental plots treated with composted livestock manure received a 

second manure application at forty-five days after transplanting of kale crop at a rate of 2 
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kg/plot. Drip irrigation with 30cm hole spacing was used at two days interval during the 

growing period. 

 
Fig. 3 Field layout T1= Kale+Onion+Manure, T2 = Kale+ Onion- Manure, T3 = Kale  

          monocrop + Manure and C = Control   

 

Screen house experiments 

Pot experiments were conducted in screen house at Integrated Bio-farm Addis Ababa 

Enterprise horticulture field (Plate 1). The soil used in Screen house experiments was 

composed of composted livestock manure, loam soil and sand soil in the ratio of 1:1:1 

and the rest were composed of Loam soil and sand soil with the ratio of 1:1, which, serve 

as control. Pot size measured 20 cm height and 20 cm diameter was used. One-month old 

kale seedlings were transplanted onto experimental pots with or without composted 

livestock manure and maintained in a Screen house confinement until needed. At three to 

four leaf stages kale plants were enclosed in rectangular Screen cages measuring 2.5m x 

1.6m x 1.5m. These experimental pots were arranged in a complete randomized design 

(CRD).  

  

Treatement

B
locks 
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Plate 1. Layout of the 2.5m x 1.6m x 1.5m measured Screen house . 

 

Late instars larvae of diamondback moth were collected from field and reared in the 

laboratory using 25cm x 15cm x 10cm plastic boxes at a room temperature of 250c. The 

larvae were supplied with cleaned kale leaf, which were replaced everyday.  Pupas were 

transferred into separate Petri dishes.  Three to four leaf-stage potted kale plants 

maintained in screen houses for 24 hrs were exposed for 10 pairs of diamondback moth 

adults of 1-to-2 days old. Kales were watered at two days interval for the duration of the 

experiments.  
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   4.3. Evaluation of the effect of intercropping and manure application  

          on infestation and damage of diamondback moth on kale under 

         field conditions  
 

Sample collection was started 15 days after kale transplanting.  Sample collection was 

done at the 15 days intervals until the end of the study. Each day three plants were 

randomly selected from each plot for counting larvae and pupae.  

 

Kale leaf picking began twelve weeks after transplanting and continued until termination 

of the study. The parameters assessed were fresh marketable leaf numbers and fresh leaf 

weights in grams. Accordingly, for the first two harvests, ten leaves were randomly 

picked from each plot. Then at third harvest, seven leaves were randomly picked from 

each plot and for the last two harvests; five leaves were randomly picked from each plot 

for the assessments of leaf damage and yield . 

  

Damage caused by diamondback moth larvae on the leaves was assessed using square flat 

paper to count numbers of squares that are covered by windowed leaf due to 

diamondback moth damage.  From this, the percentage leaf damage was recorded as a 

proportion of the total surface area covered by the harvested leaf. 

 

Accordingly, leaf damage was rated on a scale of 1 to 4 (1= < 5 %; 2= 5-20 %; 3= 21-40 

%; 4= > 60 % of leaf surface damaged (Said and Itulya, 2003). At harvest fresh leaf 

weight were determined. The marketable fresh leaf yields were later expressed as a 

percentage of the total fresh leaf yields.  
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4.4 Evaluation of the effect of composted livestock manure application  

     on infestation level and damage of diamondback moth on kale in 

      Screen house experiments  
 

Ten days after releasing adult diamondback moth for oviposition in experimental Screen 

houses, larvae and pupae were counted and recorded to determine the infestation level of 

diamondback moth (Plate 2). Sample collection was done on  a weekly  intervals.  

Damage estimate was done at the end of the experiments using rating scales of 0-5. 

Damage rating was 0 = no damage, 1 =slight feeding on leaves, 2 = moderate feeding on 

leaves, 3 = heavy feeding on leaves, 4=skeleton zing of plant, and 5 =death of the plant 

(Lim and Khoo, 1991). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 2.  Examination of pot plants and data collection on the infestation 

              and damage by diamondback moth in Screen house experiments.  
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4.5. Determination of the level of larval and pupal parasitism  

        in diamondback moth in the study area  
 

 Larvae and pupae collected from randomly selected ten plants in each treatment 

combination were maintained in the laboratory to determine percentage parasitism in 

diamondback moth.  In experimental plots where less than 20 larvae and 10 pupae were 

collected from ten sampled plants, additional plants were checked for diamondback moth 

for a period of ten minutes to complement the collection. In the laboratory, the collected 

samples were separated into three groups (Second instars larvae, third and fourth instars 

larvae and pupae). Larvae were reared in separate plastic boxes (25cm x 15cm x10cm) 

with temperature regulated at 250c. Larvae were regularly supplied with fresh cleaned 

kale leaf until pupation or emergence of larval parasitoids. The pupae were kept in 

separate Petri dish until pupal parasitoids or adult moths emerged. Emergence of adults 

and/or parasitoids was recorded every day from the date of collection until no further 

insects emerged ( Plate 3). 
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Plate 3.  Parasitoids that emerged in the laboratory from  

pupae and larvae of diamondback moth  collected in the field  

 

Identification of other pests of the host plant kale (Appendix 2) and predators of 

diamondback moth (Appendix 3) was conducted in the laboratory of Addis Ababa 

University. 
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4.6 Data analysis 
                                                                                                                                                          

The data collected on leaf damage, density of larvae and pupae per plant and yield of kale 

plants for each treatment under field condition were subjected to analysis of variance 

(ANOVA). Data on diamondback moth counts and damage record were subjected to 

square root transformation before analysis of variance. Data on percentage marketable 

fresh leaf weight were subjected arc sign transformation where necessary prior to analysis 

of variance. Stat view (data have been analyzed at p= 0.05 level of probability) were used 

to determine the density of diamondback moth, larval damage and yield advantages 

among treatments. The data collected on leaf damage, density of larvae and pupae per 

plant in Screen house experiments were subjected to t-test (SPSS Inc., Version 13, 2004).      

      

Percentages of emerged parasitoid species complex from pupae and larvae of 

diamondback   moth  was determined as follows (Russell, 1987).  

 

     % of Parasitoids =                Number Parasitized   

                              Number Non-Parasitized + Number Parasitized  
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 5.  RESULTS   
 

5.1 Effect of intercropping and manure application on the 

     density of P.  xylostella on kale crop in field situation 

 
Diamondback moth densities range between 0-9.73, 0-8.53, 0-6.53 and 0-5.53, insect per 

plant for kale monocrop (Table 1), kale monocrop with application of livestock manure 

(Table 1), kale onion intercropped (Table 2) and kale onion inter crop with livestock 

manure application respectively (Table 2).  

 

During early kale plant growth stage (two weeks after transplanting), kale and onion 

intercrop with and without manure significantly different (P<0.05) in the densities of 

larvae   and diamond back moth compared from kale monocrop without manure (Table 

1). There was significant difference (P<0.05) in the densities of larvae and diamondback 

moth between kale and onion intercrop with manure and kale monocrop with manure 

(Table 1). Kale and onion intercrops with and without manure significantly reduced (P< 

0.05) the density of total infestation compared from kale monocrop without manure 

(Table 1). There was no significant difference (P> 0.05) in the densities of larvae and 

diamondback moth between kale monocrop with manure and kale monocrop without 

manure (Table 1). There was no significant difference (P> 0.05) in the densities of larvae 

and diamondback moth between kale and onion intercrop with and without manure 

(Table 1). There was no significant difference (P> 0.05) in the densities of larvae and 

diamondback moth between kale and onion intercrop without manure and kale monocrop 

with manure (Table 1). In addition, there were no significance differences (P > 0.05) in 

the densities of pupae among treatments (Table 1). 

 

Four weeks after transplanting, there were no significance difference (P>0.05) of the 

densities of larvae, pupae and total infestation among treatments (Table 1). On the other 

hand, six weeks after transplanting kale and onion intercrops with manure and without 
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manure significantly reduced (P< 0.05) the densities of larvae and total infestation 

compared from kale monocrop without manure (Table 1). Kale and onion intercrop with 

manure significantly different (P<0.05) in the densities of larvae and diamondback moth 

compared from kale monocrop with manure (Table 1).  There was no significant 

difference (P> 0.05) in the densities of larvae and diamondback moth between kale 

monocrop with manure and kale monocrop without manure (Table 1). There was no 

significant difference (P> 0.05) in the densities of larvae and diamondback moth between 

kale and onion intercropped with and without manure (Table 1). There was no significant 

difference (P> 0.05) in the densities of larvae and diamondback moth between kale and 

onion intercropped without manure and kale monocrop with manure (Table 1). In 

addition, there were no significant differences (P> 0.05) in the densities of pupae among 

treatments (Table 1).      

 

 Table 1. Average number of larvae and pupae of diamondback moth (+  SE) per kale  

               plant at early plant growth stage 

 

Means followed by the same letter (s) in a column of each plant growth stage are not 

significantly different at α = 0.05 (Duncan- test).  

Plant age ( Weeks 
After transplanting) 

Level of intercropping / 
manure application 

Larvae± SE Pupae ± SE Density of 
DBM  ± SE 

 
Kale / onion/ manure 

 
1.00 ± 0 .35 a 

 
0.33 ± 0.16a 

 
1.33±0.32a 

Kale and onion 1.22 ± 0.38a 0.40 ± 0.16a 1.60 ± 0.40a 
Kale monocrop / manure 1.73 ±0 .56ab 0.73 ±0 .23a 2.47 ±0.52 ab 

 
 
      2 

Kale monocrop 
 

2.40 ±0.31b 1.0 ±0 .22a 3.40 ±0 .34b 
 

Kale / onion/ manure 3.40 ±0 .54 a 1.27± 0.21 a 4.27 ± 0.50a 
Kale and onion 3.40 ± 0.54a 1.27± 0.21 a 4.67±0.50 a 
Kale monocrop / manure 4.27 ± 0.64 a 1.47 ± 0.26a 5.73 ±0 .75a 

 
 
      4 
 
 

Kale monocrop 
 

3.20 ±0 .45a 1.01±0 .25a 4.23 ±0.42a 
 

Kale / onion/ manure 3.60 ± 0.65 a 1.40 ±0.35a 5.00 ±0 .68a 
Kale and onion 4.00 ±0 .52ab 1.73 ± 0.33a 5.73± 0.67 a 
Kale monocrop / manure 6.40 ± 0.83bc 2.13 ± 0.27a 8.53± 0.91 b 

  
 
      6 

Kale monocrop 
 

7.20 ± 0.45c 2.53± 0.38 a 9.73± 0.34 b 
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During pre-harvesting plant growth stage (eight weeks after transplanting) there were no 

significant differences (P>0.05) of the densities of larvae and pupae among treatments 

(Table 2). In addition, there were no significant differences (P>0.05) in the density of 

diamondback moth between kale and onion intercrops without manure and kale 

monocrop with manure (Table 2), there were no significant differences (P>0.05) in the 

density of diamondback moth between kale monocrop with manure and kale monocrop 

without manure.  Kale and onion intercrops with and without manure, significantly 

reduced (P< 0.05) the density of diamondback moth compared from kale monocrop 

without manure (Table 2).  

 

Ten weeks after transplanting kale plants, kale and onion intercrops with and without 

manure significantly reduced (P< 0.05) the densities of larvae compared from kale 

monocrop with and without manure (Table 2).  Moreover kale and onion intercrops 

without manure significantly reduced (P< 0.05) the densities of larvae compared from 

kale monocrop without manure (Table 2). There was no significant difference (P> 0.05) 

in the densities of larvae between kale and onion intercrop without manure and kale 

monocrop with manure (Table 2). 

 

 On the other hand kale and onion intercrop with and without manure significantly 

different (P<0.05) in the density of total infestation compared from kale monocrop with 

and without manure (Table 2). There were no significant difference (P>0.05) in the 

density of larvae and total infestation between kale and onion intercrop with and without 

manure (Table 2). In addition there were no significant reduction (P>0.05) of the density 

of larvae and total infestation between kale monocrop with manure and without manure 

(Table 2). In addition, there were no significant reductions (P> 0.05) of the density of 

pupae among treatments (Table 2).  
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Twelve weeks after transplanting there were no significant differences (P> 0.05) in the 

densities of larvae and pupae among treatments (Table 2). Kale and onion intercrops with 

manure significantly reduced (P< 0.05) the densities of diamondback moth compared 

from kale monocrop with and without manure (Table 2). Kale and onion intercrop 

without manure significantly reduced (P<0.05) in the densities of diamond back moth 

compared from kale monocrop without manure (Table 2).  There was no significant 

difference (P>0.05) in the densities of diamondback moth between kale monocrop with 

and without manure (Table2). There was no significant difference (P>0.05) in the 

densities of diamondback moth between kale and onion intercrop with and without 

manure (Table2).  In addition, there was no significant difference (P>0.05) in the 

densities of diamond back moth between kale onion intercrop without manure and kale 

monocrop with manure (Table 2).  

 

  Table 2. Average number of larvae and pupae of diamondback moth (+    SE) per kale 

                plant at pre-harvesting plant growth stage 

 

Means followed by the same letter (s) in a column of each plant age are not significantly 

different at α = 0.05 (Duncan- test).  

Plant age (Weeks 
After transplanting) 

Level of intercropping / 
manure application 

Larvae± SE Pupae ± SE  Density of 
DBM ± SE 

 
Kale / onion/ manure 

 
2.40± 0.65a 

 
1.07±0.33 a 

 
3.47± 0.80a 

Kale and onion 2.67 ±0.54a 1.27±0 .28 a 3.93±0.54a 
Kale monocrop/manure 3.67± 0.68a 1.67 ± 0.36a 5.33±0.74ab 

 
 
 
    8 

Kale monocrop 4.40 ±0.74a 1.87 ± 0.32a 6.27 ±0.87b 
 

Kale / onion/ manure 4.40±0 .71a 1.13 ± 0.27a 5.53 ±0.76a 
Kale and onion 5.20±0.67ab 1.13 ±0 .27a 6.53 ±0.67a 
Kale monocrop/manure 6.60 ± 0.56bc 1.80 ± 0.30a 8.40 ±0.48b 

 
 
     10 
 
 

Kale monocrop 7.40 ±0.58 c 2.00 ± 0.29a 9.40 ±0.54b      

Kale / onion/ manure 2.80± 0.58 a 1.27 ± 0.34a 4.07± 0.69 a 
Kale and onion 2.80± 0.61 a 1.27 ±0 .37a 4.07±0 .84a  
Kale monocrop/manure 4.13 ±0 .72 a 1.73± 0.32 a 5.87± 0.67 b 

  
 
    12 

Kale monocrop 3.53 ± 0.32a 1.48 ±0.17\a 5.02 ±0 .37b 
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During harvesting stage (fourteen weeks after transplanting), kale and onion intercrops 

with manure, significantly reduced (P< 0.05) the densities of pupae compared with kale 

and onion intercrops without manure, kale monocrop with manure and kale monocrop 

without manure (Table 3). There were no significance reductions (P> 0.05) of the 

densities of pupae among kale and onion intercrops without manure, kale monocrop with 

manure and kale monocrop without manure (Table 3).  There were no significance 

difference (P> 0.05) in the densities of larvae and density of diamond back moth among 

treatments (Table 3).  At sixteen weeks, eighteen weeks and twenty weeks there were no 

significance reductions (P>0.05) of the densities of larvae, pupae and total infestation 

among treatments (Table 3). 
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 Table3. Average number of larvae and pupae of diamondback moth larva (+    SE) 

      per kale plant at harvesting plant growth stage 

 

 

Means followed by the same letter (s) in a column of each plant age are not significantly 

different at α = 0.05 (Duncan-test).  

 

 

 

 

 

 

Plant age (weeks 
after transplanting) 

Level of intercropping 
/ manure application 

Larvae± SE Pupae ± SE Density of 
DBM ± SE 

 
Kale / onion/ manure 

 
4.40 ±0 .58a 

 
1.67 ±0.35a 

 
6.07± 0.67a 

Kale and onion 4.80± 0.50 a 1.47±0.27b 6.27± 0.60a 
Kale monocrop/manure 5.53 ± 0.50a 0.40 ±0 .21b 5.93 ±0.56a 

 
 
       
         14 

Kale monocrop 6.07 ±0 .60a 2.00±0.34b 8.07 ±0.68a 
 

Kale / onion/ manure 1.87 ± 0.43a 0.73 ± 0.46a 2.60 ±0.63a 
Kale and onion 2.13 ± 0.51a 0.80 ±0 .35a 2.93 ±0.66a 
Kale monocrop/manure 2.80 ± 0.51a 1.00 ±0 .24a 3.80 ±0.56a 

 
 
    16 
 
 

Kale monocrop 3.07 ±0 .61a 1.27 ± 0.40a 4.33 ±0.59a 
 

Kale / onion/ manure 0.53 ± 0.29a 0.27 ± 0.18a 0.80 ±0 .39a 
Kale and onion 0.47 ± 0.22a 0.40 ± 0.19a 0.87 ±0 .27a 
Kale monocrop/manure 1.20±0.38a 0.60± 0.24 a 1.8 ± 0.50a 

 
 
    18 

Kale monocrop 1.6 ± 0.52a 0.80± 0.37 a 2.40 ±0.63a 
 

Kale / onion/ manure 0.40±0 .21 a 0.27± 0.15 a 0.67 ± 0.33a 
Kale and onion 0.67±0 .37a 0.40 ±0 .16a 1.07 ±0.41a 
Kale monocrop/manure 0.40 ± 0.21a 0.27 ± 0.15a 0.67± 0.27a  

 
 
     20 

Kale monocrop 0.40 ±0 .29a 0.27± 0.12a  0.67±0 .29a 
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     Fig.4 Density of diamond back moth per plant for each treatment during the study    

               season, T1= Kale+Onion+Manure,   , T2 = Kale+ Onion- Manure, T3 =Kale  

              monocrop + Manure and C = Control   
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5.2 Effect of intercropping and manure application on damage of kale 

       crop by diamondback moth in field conditions 
 

There was a significance reduction (P<0.05) of kale leaves damage between kale onion 

intercropped with manure and kale monocrop control plot (Table 4). There was 

significance difference (P<0.05) for kale leaves damage between kale onion intercropped 

without manure and kale monocrop control plot (Table 4). In addition, there was a 

significance difference (P<0.05) for leaf damage between kale monocrop with application 

of manure and kale monocrop control plot (Table 4). There was no significant reduction 

(P>0.05) of kale leaves damage between kale and onion intercrops with and without 

manure (Table 4). Kale onion intercrops with and without manure significantly reduced 

(P<0.05) kale leaves damage compared with kale monocrop with manure. 

 

 

Table 4. Average leaf damage score per kale plant under field conditions  

 

 

 

                

   

         

 

 

 

 

 

 

           Means followed by the same letter (s) in a column are not significantly different at 

                α = 0.05 (Duncan- test). 

 

Treatments Mean damage Score (± SE)   

 

Kale / onion/ manure 

 

1.31± 0 .03 a 

 

Kale and onion 

 

1.38± 0.04 a 

 

Kale monocrop / manure 

 

1.52± 0.04 b 

 

Kale monocrop 

 

1.64± 0.04 c 
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5.3 Effect of intercropping and manure application on yield of kale  

      crop exposed to natural infestation by diamondback moth 
 

There was significant difference (P<0.05) in percentage of kale fresh leaf weight between 

kale monocrop with manure and kale monocrop without manure (Table 5). There were no 

significant differences (P>0.05) in percentage of kale fresh leaf weight among kale and 

onion intercrop with and without manure and kale monocrop without manure (Table 5).  

 

          Table 5. Average yield of kale under field condition 

         

                               

Treatments % of marketable leaf weight 

 

Kale / onion/ manure 

 

58.40 ± 0.29a 

 

Kale and onion 

 

58.18 ± 0.30a 

 

 

Kale monocrop / manure 

 

63.36 ± 0.42b 

 

 

Kale monocrop 

 

59.09± 0.25a 

 

 

Values followed by the same letter (s) in a column are not significantly different at 

    α = 0.05(Duncan -test) 
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5.4 Effect of manure application on diamondback moth infestation and  

      larval damage on kale in Screen house experiments  
 

There was no significance difference (P>0.05) in the density of larvae and diamond back 

moth between kale plants grown on soil treated with livestock manure and kale plants 

grown on the  control soils (Table 6). Kale plants grown on soil treated with livestock 

manure significantly reduced (P<0.05) the density of pupae compared from kale plants 

grown on control soil (Table 6). In addition, kale plants grown on soil treated with 

livestock manure significantly reduced (P<0.05) kale leaves damage compared with kale 

plants grown on control soils (Table 6).  

 

Table 6. Average number of larvae and pupae of diamondback moth (+ SE) and leaf  

              damaging score rate on kale in screen house experiments. 

 

        Values followed by the same letter (s) in a column are not significantly different at 

        α = 0.05 (t- test) 

 

 

 

 

 

 

 

Treatments Larvae±SE Pupae±SE Total ± SE Damaging 

score 

 

Kale grown manure treated soil 

 

67.10±5.59a 

 

21.70±2.27a 

 

88.80±7.59a 

 

2.70±0 .26 a 

 

Kale grown on control soil 

 

77.80±7.06a 

 

30.80±1.74b

 

108.60±8.59a 

 

3.40±0.16 b 
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5.5. Percentage of diamondback moth larval and pupal parasitism  
 

Rearing the parasitoid species complex emerging from larvae and pupae of diamondback 

moth are summarized in (Apendixe14). Accordingly, from 260 insects reared, 41were 

parasitized, 210 emerged into adult diamondback moths and nine of them died. When we 

look in relation to larvae and pupae; from 85 pupae, reared 16 of them were parasitized 

and 69 of them were emerged in to adult diamondback moths (Apendixe13).  On the 

other hand from 175 larvae reared 25 were parasitized, 141 emerged in to adult 

diamondback moths and 9 died (Apendixe13). 

 

Samples of the parasitoid specimens obtained during the study were identified. There 

were two species of parasitoids of diamondback moth recorded: Oomyzus sokolowskii 

(Kurdjumov) (Hymenoptera: Eulophidae) and Apanteles species (Hymenoptera: 

Braconidae). Twenty-five diamondback moths were parasitized by O. sokolowskii, and 

16 of them by Apanteles sp. recorded (Apendixe13). Corresponding to percentage of 

parasitism level 9.96% and 6.37% were recorded for O. sokolowskii, and Apanteles sp., 

respectively (Table 7). O. Sokolowski and Apanteles sp. are among the major 

diamondback moth parasitoids found in Ethiopia (Appendix, 5). Over all average 

parasitism of the study area was 16.37%, of which 61% was due to O. sokolowski, (Table 

7).  
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Table 7. Percentages of emerged parasitoids species complex from pupae and larvae of  

            diamondback moth collected from kale in the study area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant  
Stages 
( weeks after 
transplanting) 

No. of  
parasitized 
DBM by 
O.sokolowski 

No. of  
parasitized DBM  
by Apanteles.sp 

 No. of 
Un parasitized  
DBM 

Total 
 

% of  
O.sokolowski 

% of  
Apanteles.sp 

% of  
Parasitoids 
emerged 

4 3 0 26 29 10.34 0 10.34 
6 3 2 34 39 7.69 5.13 12.82 
8 5 1 24 30 16.66 3.33 19.99 
10 3 1 34 38 7.89 2.63 10.52 
12 5 3 21 29 17.24 10.34 27.58 
14 3 2 25 30 10 6.66 16.66 
16 3 4 22 29 10.34 13.79 24.13 
18 0 3 24 27 0 11.11 11.11 
Total 25 16 210 251 9.96 6.37 16.33 
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6. DISCUSSION 
 

 

Mean insect numbers per plant was calculated to estimate the fluctuation of diamondback 

moth densities at different kale growth stages. Accordingly, there were linear increases of 

diamondback moth densities observed during early plant growth stage (2-weeks up to 6-

weeks) (Fig. 3).This might be due to continuous pest establishments on the new 

transplants by emigrating diamondback moth adults  from the nearby crucifer plants. 

During this stage, highest infestation was observed six weeks after transplanting. 

Moreover, highest infestation was recorded in monocrop kale without manure (9.73±.34) 

(Table1), and the lowest infestation was recorded in kale and onion intercrops with 

manure (5.00±.68) (Table 1).  

 

During pre-harvesting stage, (8-weeks up to 12-weeks) fluctuations of diamondback 

moth densities were observed. Accordingly, the density of diamondback moth was 

dropped at eighth weeks and raise up at tenth weeks, and again the densities were 

dropped at twelfth weeks (Fig. 3). This is due to overlapping of generations with at the 

highest peaks 6, 10 and 14 week after transplanting (fig. 3).  

 

At the beginning of the harvesting stage (fourteenth weeks) the densities of the 

diamondback moth were high compared to the last of pre-harvesting stage (at twelfth 

weeks). However, a decline in diamondback moth densities was observed after the first 

harvesting period (after 14-weeks) until the end of the study (Fig. 3). These might be due 

to removal of different stages of diamondback moth from the field along with the 

harvested kale leaves. In addition, as plants gate matured, newly hatched adult moths 

migrate to the nearby young crucifer plants.  

 

 

 

 



40

Kale and onion intercropped with and without application of manure significantly 

reduced (P<0.05) diamondback moth densities compared with kale monocrop without  

manure at six weeks after transplanting (Table 1), at eight, ten and twelve weeks after 

transplanting (Table 2). These suggest that Intercropping suppressed diamondback moth 

densities when compared to the monocrop.  

 

Similar reduction in diamondback moth larvae and pupae densities due to intercropping 

was reported by Andrews et al. (1992) intercropping cabbage with garlic or tomato in 

Central America. Madriaga (1994), cited in Said and Itulya (2003) on head cabbage 

intercropped with sweet paper, peanut and Cowpea. Intercropping white cabbage with 

high clover received fewer eggs of the diamondback moth than in the monoculture 

(Åsman  et al., 2001). 

 

Bandenes-Perez et al. (2004) reported host volatiles, leaf morphology and color, or 

combinations of these factors are likely major cues responsible for triggering oviposition 

preference in P. xylostella. Therefore the intercropped plant should be hiding the main 

crop from the pest by disrupting with interfered the above major cues.  According to 

William (1981), cited in Said and Itulya (2003) weeds or rotational plants may produce 

organic compounds that modify pest behavior. Therefore, the ability of onion intercrops 

to suppress diamondback moth larvae and pupae densities attributed to allyl-propyl-

disulfied. The chemical contains sulfur, which is volatile and characteristic of the onion 

family that may have interfered with the host finding ability and fecundity of the 

diamondback moth.  

 

Less damage was observed intercropped kale with onion compared to mono cropped kale 

is attributed to the lower diamondback moth larvae densities observed in the intercropped 

treatments (Table 4). Correlation analysis showed a significant (p< 0.05) positive 

correlation (r= 0.42), between diamondback moth larvae densities and kale leaf damages. 

Similarly, Said and Itulya (2003) reported reduced diamondback moth larval damage in 

collard intercropped with onion and bean, Talekar et al. (1986) reported reduced 

diamondback moth larval damage in cabbage intercropped with dill, garlic, and tomato. 
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The highest kale leaf damage was recorded in monocrop kale without manure and the 

lowest in kale onion intercrop with manure and this difference was statistically significant 

when compared with kale monocrop without manure. This difference might have been 

due to the contribution of manure in helping the plant to resist damage at certain growth 

stage. Guerena (2006) who investigate and reported organic fertilizers replenish and 

maintain long-term soil fertility by optimizing the soil’s biological activity. This is 

achieved through crop rotation, cover cropping, composting, and by using organically 

accepted fertilizer products that feed the soil while providing plants with nutrients. 

Besides producing high quality crops, a healthy, well-balanced soil can help plants 

develop natural resistance to insect. Schoonhoven et al.  (1998) summarized, the 

resistance compounds of early season foliage are often nitrogen based substances such as 

alkaloids, cyanogenic compounds and non-protein amino acids. This maybe related to the 

increased soil levels of nitrogen early in the season.  

 

 

Kale monocrop with manure significantly increase (P<0.05) percentages of marketable 

leaf weight compared with kale monocrop without manure (Table 5). These differences 

suggest that application of manure influence the yield quantitatively. According to 

Kuepper, (2003) composted livestock manure replenishes and maintains long-term soil 

fertility by optimizing the soil’s biological activity and increases moister holding capacity 

of the soil. Therefore, application of manure reducing competitions for nutrient and 

moisture between the main and intercropped crops and hence increased kale yields.  

 

There was on significant difference in the density of diamondback moth between potted 

kales treated with livestock manure and controls one. There was significant reduction of 

kale leaves damage between potted kales treated with livestock manure and the control 

one.  
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Many studies suggest that parasitoids play an important role in the natural control of 

diamondback moth (Talekar and Shelton, 1993). O. sokolowski was the dominant 

parasitoid observed in the study area. Similarly, Ayalew and Ogol (2006) reported that O. 

sokolowski is the dominant parasitoids at the lowland Brassica grower’s area in Ethiopia.  

 

O.sokolowski dominant over Apanteles sp.  was due to favorable environment for its life 

activity and competent. This assumption supported as Fitton and Walker (1992); Talekar 

and Hu (1996) reported this gregarious larval-pupal parasitoid appears to be better 

adapted to the high temperature conditions. Lohr and Gathu (2002), reported, 

O.sokolowski is limited to warmer growing conditions of East and South Africa.  

 

Although the actual role of predation in this study was not known, some Arthropod 

predators that were observed on the kale plants included spiders (Araneae); Ants 

(Formicidae), Ladybird beetle (Coccinellidae) Lace wings syrphid larvae (Syrphidae); 

big-eyed bugs, (Lygaeidae) (Appendix 3). Ullyet, (1947), reported that predatory 

arthropods are an important source of diamondback moth mortality and include various 

staphylinids, vespids, syrphids, chrysopids, hemerobiids, anthocorids, and spiders. 

Further, Muckenfus et al. (1992) estimated that predators kill on average 90% of 

diamondback moth first instars. 
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7. CONCLUSIONS  
 

Intercropping kale and onion with or without application of manure is beneficial in 

suppressing diamondback moth densities, damage and contributed to the increased output 

per unit area of land. 

 

The investigations on larval damage both in Screen house experiments and in the open 

field experiments, demonstrated that manure application influences larval damage than 

manure untreated pots and field plots. Moreover, better kale yield recorded compared to 

monocrop with manure than manure untreated plots. This shows that manure significantly 

influences larval damage and yield loss compared kale monocrop without application of 

manure. Compared with the other treatments, kale and onion intercropped with 

application of manure was the best cropping system for subsistence farmers was observed 

during the study.  

 

 O. sokolowski and Apanteles.spp are indigenous parasitoids in the study area and that    

contribute in controlling diamondback moth densities. 
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8. RECOMMENDATIONS 
 

¾ There are few literatures about population dynamics of diamondback moth, yield 

loss on Brassica crop plants caused by this moth. In addition, there is little 

information in identification of indigenous natural enemies and their percentages 

of parasitism levels to control diamondback moth in Ethiopia. Therefore, is 

required to study this moth due to its economic importance. 

 

¾ Due to disadvantage of insecticides application and failure to achieve satisfactory  

           control, marks that developing Integrated Pest Management (IPM) techniques is  

           warranted   to control this moth.  

 

¾ Results obtained in this study suggest that different cultural  practices that might 

            contribute for effective control of diamondback moth damage in kale including  

            other crucifers need to be evaluated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



45

 
 
 

 
 
 
9. REFERENCES 

 
 
Abate, T. and Ayalew, G. (1992). Progress on vegetables pest management research: In:  

Proceeding of the second national Horticulture workshop1985- 1992, (Hearth, E and Lemma 

Dessalegn eds.), 1-3 December 1992, Addis Ababa, Ethiopia, AR/FAO, pp 187-193. 

 

Abdulkadir, H. (1992). Potential of Baculoviruses for the control of Diamondback moth and 

Crocidolomia binotalis on cabbages. In: Management of Diamondback moth and other 

crucifer pests, (Talekar, N.S. ed.): Proceedings of the second international workshop, Asian 

Vegetable Research and Development Center, Tania, Taiwan, pp185-192. 

 

Andrews, K.L., Anchez, R.J.S. and Ave, R.D.C. (1992). Management of diamondback moth in 

Central America. In: Management of Diamondback moth and other crucifer pests, (Talekar, 

N.S. ed.): Proceedings of the second international workshop, Asian Vegetable Research and 

Development Center, Tania, Taiwan, pp 487-497. 

 

Anskersmit, G. W. (1953). DDT resistance in Plutella maculipennis (Curt.) (Lepidoptera)  in Java. 

Bulletin of Entomological Research 44:421-25.  

 

Ayalew, G., Lohr, B., Baumgartner, J., Ogol, C. K. P. O. (2002). Diamondback moth (Plutella 

xylostella L.) (Lepidoptera: Plutellidae) and its parasitoids in Ethiopia. In: Improved 

Biocontrol of Plutella Xylostella (Kirk, A. A. Bordat, D. eds.): Proceeding of the 

International Symposium Montpellier, France 21-24 October 2002, pp140-143. 

 

Ayalew, G. and Ogol, C. K. P. O. (2006). Occurrence of the diamondback moth ( Plutella xylostela 

L.) and its parasitoids in Ethiopia : influence of geographical region and agronomic traits. 

Journal of Applied Entomology 130: 343-348. 



46

 

Åsman, K., Ekbom, B., and Ramert, B.  (2001). Effect of Intercropping on Ovipositio and 

Emigration Behavior of the Leek Moth (Lepidoptera: Acrolepiidae) andthe Diamondback 

Moth (Lepidoptera: Plutellidae). Environmental Entomology, 30: 288–294. 

 

Badenes-perez, F. R., Shelton, A. M. and Nault, B, A. (2004). Evaluating trap crops for 

Diamondback Moth, Pluttela xyllostela (Lepidoptera Plutellidae).  Journal of Economic 

Entomology 97:165-172. 

 

Batch, C.E., and Tabashnik, B.E. (1990). Effects of none host plant neighbors on population 

densities and parasitism rates of the diamondback moth (Lepidoptera Plutellidae). 

Environironmental   Entomology 19: 987-994. 

 

Bhallaa, O. P. and Dubey, J. K. (1986). Bionomics of the Diamondback Moth in the Northwestern 

Himalaya. In: Diamondback Moth Management, (Talekar, N.S. & Griggs, T.D. eds.): 

Proceedings of the First International Workshop, 11-15 March 1985, Tania, Taiwan, The 

Asian Vegetable Research and Development Center, Shanhua, Taiwan, AVRDC Publication, 

pp 55-61. 

 

Borror, D. J., Triplehorn, C. A. and Johansson, N. F. (1992). An introduction to the study of insects, 

six editions. Harcourt Brace College publishers, U.S.A., pp 879. 

 

Carl, K. (1992). Potential for biological control in Integrated Pest Management for vegetable 

production in Africa. In: Development and application of integrated pest management,( 

Trabouls, R. ed.): Proceeding of the Regional Workshop on the development and application 

of IPM, for vegetable production in Africa, 20- 23 November 1992, Dakar, Senegal, pp 203-

212. 

 

Capinera, J. L. (2001). Handbook of Vegetable Pests. Academic Press, New York. pp 729. 

    

 



47

      

Chelliah, S. and Srinivasan, K. (1986). Biocenology in India and Management of Diamondback 

Moth. In: Diamondback Moth Management, (Talekar, N.S. & Griggs, T.D. eds.) 

Proceedings of the First International Workshop, 11-15 March 1985, Tania, Taiwan, The 

Asian Vegetable Research and Development Center, Shanhua, Taiwan, AVRDC Publication, 

pp 63-76. 

 

Chisholm, M. D., Underhill, E. W. and Steck, W. F. (1979). Field trapping of the diamondback moth 

Plutella xylostella using synthetic attractants. Environmental Entomology 8: 516-518.  

 

Chu, Y-I. (1986). The migration of diamondback moth. In: Diamondback moth management 

(Talekar, N.S. & Griggs, T.D. eds.): Proceedings of the First International Workshop, 11-15 

March 1985, Tania, Taiwan, The Asian Vegetable Research and Development Center, 

Shanhua, Taiwan, AVRDC Publication, pp. 77-81. 

 

Dessalegn, L; Herath, E., Belehu, T., Lemma, B. and Gebremariame, S. (1994). Horticultural 

Research-past, present and future trends. In: Proceeding of the second national 

Horticultural, work shop, (Hearth, E. and Dessalegne, L. (eds.). 1-3 December 1994. Addis 

Ababa, pp19-28. 

 

 Ethiopian Governments Ministry of Land Reform and Administration (1975). ABELTI: Series 

SMD4 (Dos 450), Sheet 0837D3: Edition /SMD/ DOS 1975. Published by the Ethiopian 

Government (Survey and mapping Department.   

 

Fitton, M., and A. Walker. ( 1992). Hymenopterous parasitoids associated with diamondback moth: 

the taxonomic dilemma, In: Management of Diamondback moth and other crucifer pests, 

(Talekar, N.S. ed.): Proceedings of the second international workshop, Asian Vegetable 

Research and Development Center, Tania, Taiwan, pp 225–232. 

 

 

 



48

Furlong, M. J., Zu-hua, S., Yin-quan, L., Shi-Jan, G., Yao-bin, L., Shu-sheng, L and Zalueki, M. P. 

(2004). Experimental Analysis of Influence of Pest Management Practice on the Efficacy of 

an Endemic Arthropod Natural Enemy Complex of the Diamondback Moth. Journal of 

Economic Entomology 97: 1814-1827.  

 

Gashawbeza Ayalew (2006). Comparison of yield loss on cabbage from diamondback moth, Plutella 

xylostella L. (Lepidoptera: Plutellidae) using two insecticides. Crop protection 25: 915-919.  

 

Gashawbeza Ayalew, Baumgartner, J., Ogol, C. K. P. O., AND Lohr, B. (2006). Within- Field 

Distribution and Sampling Plans for Larvae and Pupae of Diamondback Moth, Plutella 

Xylostella L. (Lepidoptera: Plutellidae) In Ethiopian Head Cabbage Field. SINET: Ethiopian 

Journal of Science, Faculty of Science, Addis Ababa University, 29:149-156. 

 

Georghiou, G. P. (1981). The occurrence of resistance to pesticides in arthropods. An index of cases 

reported through 1980. Rome: FAO.   

                    

Goodwin, S. (1979). Changes in the numbers in the parasitoid complex    associated with the 

diamondback moth, Plutella xylostella (L.) (Lepidoptera) in Victoria. Australia Journal of 

Zoology 27:981-89.  

 

Guerena, M. (2006). Cole crops and other brassicas: organic production. A publication of ATTRA- 

National sustainable Agriculture information service. www.attra.ncat.org (Dawn load June, 

2006).  

Hama, H. (1992). Insecticide resistance characteristics of the diamondback moth. In: Management 

of Diamondback moth and other cruciferpests, (Talekar, N.S. ed.): Proceedings of the second 

international workshop, Asian Vegetable Research and Development Center,Tania, Taiwan, 

pp 455-63. 

 

Harcourt, D.G. (1957). Biology of the diamondback moth, Plutella maculipennis (Curt.) 

(Lepidoptera: Plutellidae), in Eastern Ontario. II. Life history, behavior, and host 

relationships. Canadian Entomologist 89: 554-564. 



49

 

Harcourt, D. G. (1986). Population dynamics of the diamondback moth in Southern Ontario. In: 

Diamondback moth management (Talekar, N.S. & Griggs, T.D. eds.). Proceedings of the 

First International Workshop, 11-15 March 1985, Tania, Taiwan, The Asian Vegetable 

Research and Development Center, Shanhua, Taiwan, AVRDC Publication, pp 3-16. 

 

Hillyer, R. J., and Thorsteinson, A. J. (1971). Influence of the host plant or males on programming 

of oviposition in the diamondback moth (Plutella maculipennis (Curt.) Lepidoptera: 

Plutellidae). Canadian Journal of Zoology 49: 983-990. 

 

Honda, K. (1992). Hibernation and migration of the diamondback moth in northern Japan. In: 

Management of Diamondback moth and other crucifer pests, (Talekar, N.S. ed.). 

Proceedings of the second international workshop, Asian Vegetable Research and 

Development Center, Tania, Taiwan. pp 43-50. 

 

Hooks, C. R. R., and Johnson, M. W. (2003). Impact of agricultural diversification on the insect 

community of cruciferous crops. Crop Protection 22: 223-238.   

 

Kibata, G. N. (1996). The diamondback moth: a problem pest of Brassica crops in Kenya. In: The 

management of diamondback moth and other crucifer pests (Sivapragasam, A. Loke, W. H., 

Hussan, A. K. and Lim, G. S., eds.): Proceedings of the Third International Workshop, 29 

October - 1 November 1996, Kuala Lumpur, Malaysia, Malaysian Agricultural Research and 

Development Institute (MARDI), pp  47–53. 

 

Kirsch, L., and Schmutterer, H.  (1988). Low efficacy of a Bacillus thuringiensis(Berl.) formulation 

in controlling the diamondback moth, Plutella xylostella(L.) in the Philippines. Journal of 

Applied Entomology. 105: 249-55. 

 

Kuepper, G. (2003).  Manures for Organic Crop Production. A publication of ATTRA- National 

sustainable Agriculture information service. www.attra.ncat.org (Dawn load June, 2006).  

 



50

Lim, G. S. (1992). Integrated Pest Management of Diamondback moth; practical reality. In: 

Diamondback moth and other crucifer pests, (Talekar, N.S. ed.): Proceedings of the second 

international workshop, Asian Vegetable Research and Development Center, Tania, Taiwan, 

pp 565-576. 

 

Lim, J. L. and Khoo, C.K. (1991). The Status and Effectiveness of lKI-7899 in Controlling 

Diamondback Moth in the Lowlands and Highlands of  Malaysia. In: Diamondback moth 

management (Talekar, N.S. & Griggs, T.D. eds.). Proceedings of the First International 

Workshop, 11-15 March 1985, Tania, Taiwan, The Asian Vegetable Research and 

Development Center, Shanhua, Taiwan, AVRDC Publication, pp 279-287. 

 

Lohr, B. and Gathu, R. (2002). Towards biocontrol-based IPM for diamondback moth in eastern and 

southern Africa. Integrated pest management conference for sub-Saharan Africa .8-12 

September 2002, Kampala, Uganda. 

 

Metz, T.D., Roush, R.T., Tang, J.D., Shelton, A.M and Earle, E.D. (1995). Transgenic broccoli 

expressing a Bacillus thuriengensis insecticidal crystal protein: implication for pest resistance 

management strategies. Molecular Breeding 1: 309-317. 

 

Mitchell, E. R, Hu, G. Y. Okine, J., and McLaughlin, J. R.  (1997). Mating disruption of 

diamondback moth (Lepidoptera: Plutellidae) and cabbage looper (Lepidoptera: Noctuidae) 

in cabbage using a blend of pheromones emitted from the same dispenser. Journal of 

Entomological Science. 32: 120-137. 

 

Muckenfus, A. E. , Shepard, B. M. and Ferrer, E. R. (1992). Natural mortality of Diamondback 

Moth in Coastal South Carolina. In: Diamondback moth and other crucifer pests, (Talekar, 

N.S. ed.): Proceedings of the second international workshop, Asian Vegetable Research and 

Development Center, Tania, Taiwan, pp 27-36. 

 



51

Nayar, J. K., and Thorsteinson, A. J. (1963). Further investigation into the chemical basis of insect 

host plant relationship in an oligophagous insect (Plutella maculipennis (Curt.) Lepidoptera: 

Plutellidae). Canadian Journal of Zoology 41:923-929.  

 

Oatman, E. R., and Planter, G. R. (1969). An ecological study of insect populations on cabbage in 

Southern California. Hilgardia, 40: 1-40 . 

 

Ooi, P.A.C. (1986). Diamondback moth in Malaysia. In: Diamondback moth management (Talekar, 

N.S. & Griggs, T.D. eds.). Proceedings of the First International Workshop, 11-15 March 

1985, Tania, Taiwan, The Asian Vegetable Research and Development Center, Shanhua, 

Taiwan, AVRDC Publication, pp 25-34.  

 

Ooi, P.A.C., and Lim, G. S. (1989). Introduction of exotic Parasitoids to control the diamondback 

moth in Malaysia. Journal of Plant Protection of Tropics 6: 103-111. 

 

Ooi, P.A.C. (1990). Management of diamondback moth in Cameron Highlands. The Newlt. Malays. 

Plant protection Society 13: 55-56. 

 

Robert, H., Verkerk, J., and Wright, D. J. (1996). Multitrophic interactions and management of the 

diamondback moth, a review. Bulletin of Entomological Research 86: 205-216.  

 

Roes, J.A.B. and Chapman, F. (2005). Preparing your own fish feeds. University of Florida, Institute 

of Food and Agriculture Science. Gainesalville, FL 32611. On line http://edis.ifas.ufl.edu. 

(Down load September 2005). 

 

Russell, D. A.  (1987). A simple method for improving estimates of percentage parasitism by insect 

parasitoids from field sampling of hosts.  New Zealand Entomologist 4: 38-40. 

 

Said, M., and Itulya, F.M. (2003). Intercropping and nitrogen management effect on Diamondback 

moth damage and yield collards in the high lands of Kenya. Africa crop science Journal 11: 

35-42. 



52

 

Salinas, P. J. (1986). Studies on Diamondback Moth in Venezuela with Reference to other Latin 

American Countries. In: Diamondback Moth Management (Talekar, N.S. & Griggs, T.D. 

eds.): Proceedings of the First International Workshop, 11-15 March 1985, Tania, Taiwan, 

The Asian Vegetable Research and Development Center, Shanhua, Taiwan, AVRDC 

Publication, pp 17-24. 

 

Sastrosiswojo, S., and Sastrodihardjo, S. (1986). Status of Biological control of diamondback moth 

by introduction by parasitoid Diadegma eucerophaga in Indonesia. In: Diamondback Moth 

Management, (Talekar, N.S., and Griggs, T. D. (ed.): Proceedings of the first International 

Workshop. Asian Vegetable Research and Development Center, Shanghais, Taiwan, pp185-

194.  

 

Schoonhoven, L.M. , Jermy, T. , Vanloon, J.J.A (1998). Insect – Plant Biology. From [hysiology to 

evolution. Published by Chapman and Holl, Loondon UK. 

 

Schroeder, P. C., Shelton, A. M.  Ferguson, C. S.  Hoffmann, M. P., and Petzoldt, C. H.  (2000). 

Application of synthetic sex pheromone for management of diamondback moth, Plutella 

xylostella, in cabbage. Entomology of Experimental and Applied 94: 243-248. 

 

Srinivasan, K., and Krishnan, M. P. N. (1992). The development and adoption of integrated pest 

management for major pest of cabbage using Indian mustard as a trap crop. In: 

Diamondback moth and other crucifer pests, (Talekar, N. S. ed.): Proceedings of the second 

international workshop, Asian Vegetable Research and Development Center, Tania, Taiwan, 

pp 511-521. 

 

Sivapragasam, A., Ito, Y. and Saito, T. (1988). Population fluctuation of the diamondback moth, 

Plutella xylostella (L.) on cabbages in Bacillus thuringensis sprayed and non-sprayed plots 

and factors affecting with in generation survival of immature. Research for population 

Ecology 30: 329- 342. 

 



53

Shelton, A. M., and Wyman, J. A. (1992). Insecticide resistance of diamondback moth in North 

America. In: Diamondback moth and other crucifer pests, (Talekar, N.S. ed.): Proceedings 

of the second international workshop, Asian Vegetable Research and Development Center, 

Tania, Taiwan, pp 447-54. 

 

Shelton, A. M. and Nault, B. A. (2004). Dead-end trap cropping: a technique to improve 

management of the diamondback moth, Plutella xylostella (Lepidoptera: Plutellidae). Crop 

protection 23: 497-503. 

 

Stoner, K.A. (1990). Glossy leaf wax and plant resistance to insects in Brassica oleracea under 

natural infestation. Environmental Entomology 19: 730-739. 

 

Tabashnik, B. E., Cushing, N. L., Finson, N.  and. Johnson, N. W (1990). Fielddevelopment of 

resistance to Bacillus thuringiensis in diamondback mothPlutella xylostella (L.) 

(Lepidoptera: Plutellidae). Journal of Economic Entomology 83:1671-1676. 

 

Talekar, N. S., Lee, S. T., and Huang, S. W. (1986). Intercropping and modification of irrigation 

method for control of diamondback moth. In: Diamondback Moth Management, (Talekar, N. 

S., and Griggs, T. D. ed.). Proceedings of the First International Workshop, Asian Vegetable 

Research and Development Center, Shanhua, Taiwan, pp 145-15 1. 

 

Talekar, N.S. and Shelton, A.M. (1993). Biology, ecology, and management of diamondback moth. 

Annual Review of Entomology 38: 275-301.  

 

Talekar, N. S. and Hu, W. J. (1996). Characteristics of parasitoids of Plutella xylostella 

(Lepidoptera: Plutellidae) by Oomyzus sokolowskii (Hymenoptera: Eulophidae). 

Entomophaga, 41: 45-52. 

 

Thorsteinson, A. J. (1953). The Chemo tactic responses that determine host specificity in an 

oligophagous insect (Plutella maculipennis (Curt.) Lepidoptera). Canadian Journal of 

Zoology 31:52-72. 



54

 

Ullyet, G. C. (1947). Mortality factors in population of Plutella maculipennis (Curtis) (Tineidae: 

Lep.) and their relation to the problem of control. Entomologist Memory of Union of South 

Africa, Dept. of Agricultural and Forestry 2: 75-202. 

 

Wakisaka, S., Tsukuda, R and Nakasuji, F. (1992). Effect of Natural enemies, Rainfall, Temperature 

and Host plants on Survival and Reproduction of the Diamondback moth. In: Diamondback 

moth and other crucifer pests, (Talekar, N.S. ed.): Proceedings of the second international 

workshop, Asian Vegetable Research and Development Center, Tania, Taiwan.  Pp15-25. 

 

Weaver, C.M.H. (1990). Calcium absorption from kale. American Journal of nature 51: 656- 657. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55

 

APPENDICES  

 

                      A     

 

0
5

10
15
20
25
30
35
40

Ja
n 

Mar
May jul Sep Nov

M ax.Tem p.
M in.Tem p.

                              

B 

RF

0
50

100
150
200
250
300
350

JA
N

MAR
MAY

JU
L

SEP
NOV

av
er

ag
e 

R
F

RF

 

 

Appendix 1.   Monthly maximum and minimum temperature of the study area (A) and 

average monthly rainfall of the study area (B) 
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Appendix 2. List of pests of the host plant kale other than diamondback 

                     moth in the study site 

 

Species Family Status 

Fleabeetles 

( Phylloferta sinuate  

stephenis) 

Coleoptera: Chrysomeidae Observed from third sample date until terminating of 

the study with fluctuated populations. 

 Cabbage looper 

(Trichop lusiani) 

Lepidoptera: Noctudae Rarely observed from fourth Sampling date up to six, 

then after were not observed. 

Leaf minor Hespindae Observed from seedling until rainy season begun, 

(last of March). 

Aphids Aphidae Observed from seedling until rainy season begun, 

(last of March). 

 

 

Appendix 3. List of Arthropod predators of diamondback moth observed in the study area 

 

 

 

 

 

 

 

 

Specie Family Status in relation to the stages of the plant 

Ladybird beetle Coccinellidae At all stages 

Spiders Aranea After four weeks 

Ants Formicidae At all stages 

Bugs Lygaeidae  After six  weeks 

Lacewinged syrphid larvae Syrphidae After four weeks 
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Appendix 4. Summary of ANOVA table for the effect of intercropping and manure  

                     application on diamondback moth densities under natural field condition, 

                      two weeks after  transplanting 

 

 
 
 

 

Appendix 5. Summary of ANOVA table for the effect of intercropping and manure  

                     application on  diamondback moth densities under natural field condition, 

                      six weeks after  transplanting 

 

 

 

 

 

 

 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

8.705 
28.206 
36.911 

3 
56 
59 

2.902 
.504 

5.761 .002 

Pupae    Between Groups 
              With in Groups 
              Total  

2.790 
26.804 
29.594 

3 
56 
59 

.930 

.479 
1.943 .133 

Total   Between Groups 
              With in Groups 
              Total  

9.634 
19.568 
29.202 

3 
56 
59 

3.211 
.349 

9.191 .000 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

6.295 
37.047 
43.341 

3 
56 
59 

2.098 
.662 

3.172 .031 

Pupae    Between Groups 
              With in Groups 
              Total  

2.402 
19.037 
21.438 

3 
56 
59 

.801 

.340 
2.355 .082 

Total   Between Groups 
              With in Groups 
              Total  

7.681 
30.180 
37.861 

3 
56 
59 

2.560 
.539 

4.751 .005 
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Appendix 6. Summary of ANOVA table for the effect of intercropping and manure  

                     application on  diamondback moth densities under natural field condition, 

                      eight weeks after  transplanting 

 

 

 

 

Appendix 7. Summary of ANOVA table for the effect of intercropping and manure  

                     application on  diamondback moth densities under natural field condition, 

                      ten weeks after  transplanting 

 

 

 

 

 
 
 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

5.079 
48.456 
53.535 

3 
56 
59 

1.693 
.865 

1.957 .131 

Pupae    Between Groups 
              With in Groups 
              Total  

2.106 
31.613 
33.719 

3 
56 
59 

.702 

.565 
1.244 .303 

Total   Between Groups 
              With in Groups 
              Total  

6.840 
42.493 
49.333 

3 
56 
59 

2.280 
.756 

3.005 .038 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

4.805 
19.038 
23.842 

3 
56 
59 

1.602 
.340 

4.711 .005 

Pupae    Between Groups 
              With in Groups 
              Total  

1.850 
22.956 
24.806 

3 
56 
59 

.617 

.410 
1.505 .223 

Total   Between Groups 
              With in Groups 
              Total  

5.600 
12.798 
18.398 

3 
56 
59 

1.867 
.229 

8.168 .000 
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Appendix 8. Summary of ANOVA table for the effect of intercropping and manure  

                     application on  diamondback moth densities under natural field condition, 

                      twelve weeks after  transplanting 

 

 
 
 

 

Appendix 9. Summary of ANOVA table for the effect of intercropping and manure  

                     application on  diamondback moth densities under natural field condition, 

                      fourteen weeks after  transplanting 
 

 

 

 

 

 

 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

3.798 
41.632 
45.431 

3 
56 
59 

1.266 
.743 

1.703 .177 

Pupae    Between Groups 
              With in Groups 
              Total  

1.340 
32.684 
34.024 

3 
56 
59 

.447 

.584 
.765 .518 

Total   Between Groups 
              With in Groups 
              Total  

6.200 
37.543 
43.744 

3 
56 
59 

2.067 
.670 

3.083 .035 

 Sum of 
squares 

 
df 

 
Mean square 

 
F 

 
Sig. 

Larvae    Between Groups 
              With in Groups 
              Total  

1.366 
13.010 
14.376 

3 
56 
59 

.455 

.232 
1.960 .130 

Pupae    Between Groups 
              With in Groups 
              Total  

8.173 
25.482 
33.656 

3 
56 
59 

2.724 
.455 

5.987 .001 

Total   Between Groups 
              With in Groups 
              Total  

1.697 
13.249 
14.946 

3 
56 
59 

.566 

.237 
2.391 .078 
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 Appendix 10. Summary table of ANOVA for the effect of intercropping and manure  

                        application on kale yield 

 

 

 

 

Appendix 11.  Summary table of ANOVA for the effect of intercropping and manure 

                     application  on larval damage of kale leaves 

 

 

 

 

 

 

    

 

 

 

 

 Sum of  
squares 

df Mean  
square 

F 
 

Sig. 

 Fresh marketable leaf weight 
 
Between groups  
With in groups  
Total 

 
 
3289.048
136057.2
139346.2

 
 
3 
736 
739 

 
 
1096.349
184.860 

 
 
5.931 

 
 
.001 

 Sum of  
squares 

df Mean  
square 

F 
 

Sig. 

 Larval damage 
 
Between groups  
With in groups  
Total 

 
 
2.064 
30.886 
32.950 

 
 
3 
736 
739 

 
 
.688 
.042 

 
 
16.391 

 
 
0.000 
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Appendix 12. Summary table of t-test for the effect of manure application on 

                      diamondback moth densities in screen house experiments 

 

 

 

Appendix 13. Summary table of t-test for the effect of manure application on   

                     damage of kale leave in screen house experiments 

 

 

 

 

 

 

 

  
F 

 
Sig. 

 
t 

 
df 
 

 
Sig.(2-
tailed) 

Larva means of larva 
                   Equal  variance assumed 
                   Equal not variance assumed 
 

 
.619

 
.442 

 
-1.188 
-1.188 

 
18 
17.103 

 
.250 
.251 
 

Pupa means of pupa 
                   Equal  variance assumed 
                   Equal not variance assumed 
 

 
.377

 
.547 

 
-3.183 
-3.183 

 
18 
16.847 

 
.005 
.005 

Diamondback moth means of diamondback moth 
                   Equal  variance assumed 
                   Equal not variance assumed 
 

 
.210

 
.652 

 
-1.728 
-1.728 
 

 
18 
17.732 

 
.101 
.101 

  
F 

 
Sig. 

 
t 

 
df 
 

 
Sig.(2-
tailed) 

Damage damaging rate 
                   Equal  variance assumed 
                   Equal not variance assumed 
 

 
3.361

 
.083 

 
-2.278 
-2.278 

 
18 
15.133 

 
.035 
.038 
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Appendix 14. Numbers of emerged parasitoids species complex from pupae and larvae of  

                    diamondback moth collected from different host plants in the study area 

 

 

           * Total number of DBM parasitized + adult recovered after rearing. 

 

 

 

 
 

 

Plant 

Stage in 

Weeks 

NO. of  

larvae  

 No. of  

pupae 

No. of DBM 

parasitized by 

O.sokolowski 

No. of DBM 

parasitized by 

Apanteless. spp. 

No. of  un 

parasitized 

DBM 

Total*  

 

 4  20   2  0 26 29 

  10  1  0   

  6  26   2  1  34 39 

   13  2  0   

 8  21   3  0 24 30 

   10  2 1    

 10  28   2 1 34 38 

  12  1 0   

12 20   2 2 21 29 

  10  3 1   

14 20   2 2 25 30 

  10  1  0   

16 20   2 3 22 29 

  10  1  1   

18 20   0 1 24 27 

  10  0 2   

Total 175 85  26 15 210 251 


