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EXECUTIVE SUMMARY

A major feature of the initial proposal was to enroll a South Amcan pamc:pam 111 tlus

project, as a doctoral student at the Hebrew CruversI!y of Jerusalem (HL") Towards tim

goal, ~1r. Sicelo Roben \"ofemela. due to complete rus ~IS srudJes :n SOUL': .~T.ca :1. :i:~ :1e,,;:

few months, spem three months in Israel dunng thIS repon penod \Ir :\"oreme:a pi:ms :0

enroll m the PhD program at the Hebrew Cruversity, begmrung rus Srudles In FeDf'J2f\ :'2').1

Dunng his stay, ~Ir :\"ofemela assIsted m data coUeenon. rlrmhanzed rumse:r \\1:'': :i:e Is:ae"

cole crop system, and developed an outline for rus Ph.D research

The work carried out dunng tlus repon penod 111 both South .-\lnca and Israel In'.Ol\ es

the characterizauon of cllamondback moth (DBM) and Its parasllOld popuianons 111 COle

crops. Once promising parasitic wasps are identlfied m Israel. theY ",l! be used 111 1

bIological control program in South AfTIca against DB~I, an imponant pest of cole crops

Results to date show that i) as predJcted, the pest anains relanvelv low populaoon

densities in Israel; ii) our effons to date have yielded four DB~I parasllOld speCIes In Israel.

iii) over 87% of the parasitism in Israel is attributed to Diadegma senllclallslIm. and ,,) m

South Africa too, DBM is attacked by four species of pnmary parasllOlds. but the', are

different from those found in Israel. Results to date (v.ork under ObJecnw 1) pronde good

baseline data on the gwld structure of DB~I paraslloids pnor to the release or new bloconrroi

agents in South Africa.
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Section I

lA. Research Objectives:

The overall aim of tlus project is to use natural enerrues from Israel to suppress dJarnondback

moth populations in cole crops in South Africa.

Our workmg hypotheSIs states that parasitOlds and predators effecnwh' conrroi :he densmes

of the diamondback moth m Israel (and the \'Iednerranean areal. the center 0r dJs::-:cucon

and probably the area of origin of both the pest and Its crucferous has: ~i;mts B\

mtroducing effective natural enemies from Israel to South ..\rr.ca. we shi: be ac,e :0

suppress diamondback infestations in cole crop systems

The specrfic objectives are

1. Compare the guild structure and populanon dvnarrncs of diamondback :r.e::-. ~ar:lSitelds

on cultIVated and wild crucifer host plants m South .\fuca and Israel

2. Compare the performance of important diamondback moth par:lSltOlCs en \2r.ous

cultivated crucifers in Israel and South .\fuca.

3. Introduce the most promising parasitOlds from Israel mto South Amca :e cemrei the

diamondback moth in cole crops

4. Evaluate the performance offield-released parasitoids

The long-term goal of tlus project 15 to integrate the mtroduced natural enemies tram Israel

into an !PM program in cole crops in South Africa The integrated program promises to

reduce pesticide use while maintaining low levels of pest-induced losses 11us. no doubt \\1i1

improve the well being of growers and consumers and establish sustamabie cole crop

production in South Africa

lB. Research Accomplishments:

Field studies in Israel:

Material and Methods

An intensive survey for diamondback moth parasitOlds consisted of weekly \15llS to ,-­

commercial cabbage and cauliflower fields. Fields surveyed received a mmlmal number or

insecticide applications. Visits were made to the follov"mg snes. acccrdJng to crop

availability on a particular sampling date Malilashua, Sde Elyahu, :-:etaJm. KiaI' \Iord&.;ll.

Be'er Tuvia, Shiler, Hazav, Ein Hakore. On a given sampling date. about half or the fields

were situated in the south coastal plain regIon and the other half in the Izra'el and Belt Shean

valleys in the north of Israel

On each visit, 30 randomly selected plants were examined m each field and the numbers or

diamondback moth larvae, pupae and parasitoid cocoons were recorded ..lJl the larvae.

pupae and parasitoid cocoons found on the sampled plants were collected and held m the

laboratory at 25 ± lOC until adult moths or parasltoids emerged In the laboratorv, DB\I

larvae were provided with sections of fresh cabbage leaves Ulltll pupation Tne number of

emerging moths and parasitoids was recorded.



Three delta-shaped traps (0.26x0095xOI3m, 'Biotrap') were posted m each of the sampled
fields, 1m above ground The traps were baited with one pheromone lure (.\gnSense-BCS
Limited, UK) impregnated with synthetic DR\! sex pheromone and placed on a Stlck-v :loor
The traps were inspected on each visit to the field and the number of moths caught on the
stIcky floor of each trap was recorded. The lures were replaced every 5 weeks

Results

Overall density of DBM was relatively low m all sampled field sHes (F!gures 1 6: : I .\

maximum of less than one male was caprured in pheromone traps per rughr Lke\\1se. a
maxImum average infestation of 17 larvae w-as found per plant T.~ere IS no aprarec.t
correlation between adult trapping rare and larval infesraoon For exampie_ tt:e ~Jghest

trappmg rate was recorded at Be'er TU\ia m March, but larval densHv at the sne \'2.5 lew :r:

ylarch and April. Similarly, the highest infestaoon was recorded m Apr.i at ~et3J'" ~L;; the
male trappmg rate there was low at that rime.

Number of Diamondback Moths in Pheromone Traps,
2003

__ malkishua
-tr-- netaim
__ Kfar mordecha

--- sde eliyahu
__ shiler
....L- Beer Tuvia

Figure I. Number of male diamondback moths captured in pheromone traps m SLX cabbage
and cauliflower fields in 2003_
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Density of Diamondback Moths in Commercial Fields
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Figure 2: Density of DBM larvae and pupae on plants In four commercal c:ilibage and

cauliflower fields in 2003,

Four primary parasitoids, namely Diadegma semiclauslIm, Cotesia sp, DladronJIIs sp , and

Apanleles sp" and one Diadegma hyperparasitoid, a Gelis species, were recovered In our

SUJVey, D, semiclausllm was the predominant species, accounting for more than g-o 0 of the

parasitism (Figure 3),

87, 1

Species Composition of Diamondback

Parasitoids

3,3 4,5

[l Diadegma semiclausum

.. Cotesia sp

o Diadromus sp

o Gelis sp.

Figure 3: Species composition of primary and hyper-parasltOids of diamondback moths

recovered in the February-June 2003 survey,

6



These species inflected an average parasitism rate of about 60% on the diamondback moth

population (Figure 4). A single case of 100% parasitism was recorded m late .-\pnl at Be'er

Tuvia The relatively stable rate of parasitism recorded throughout .\Iarch. .-\pnl and .'vb,

suggests a high level ofparasitoid movement and rapid colonization of connnuousiv planted

new fields A similar trend is apparent .....hen the parasitism ~narmcs of the predomInant

species, Diadegma semicIallslIm, is depicted (Figure S)
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Figure 4: Percent parasitism of diamondback moth m four cabbage and caullt10wer fields In

2003.

Parasitism Rate by Diadegma, 2003
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Figure 5: Seasonal d)namics of parasitism rate of diamondback moths by Dradegma

semiclallslIm in four cabbage and cauliflower fields in 2003.
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Field studies in South Africa:

Flightpattems of male P xylostella moths

Methods

The flight patterns of male P xylosiella moths "as morulOred .,.,1th S\nthenc sex pheromone

traps in cabbage plots at Hanebeespoort Expenmemal Research Stanoo near Bms

(25'25'33"5, 27"76'67"E, alntude Il02m) in the North Wes1 Pro\mce oi South .":"ca Tb~

delta-shaped traps (registered trade name 'BlOtrap'), (26 X 95 X 13cml. were depioved lr,

each cabbage plol. The traps were mounted on steel posts erected around the c:woage pict

approximately 1m above the ground Waxy paperboards were cut to fit the ;hemg ooucrr

panels of the traps, thus covering the trap floors The floors were then >praved \\1L" ~ suc""

polybutene adhesive. The lure, a small cylindncal-shaped rubber unpregr.~ted mL" ~

formulation of P xylostella sex pheromone (supplied bv Agnsense-BCS Lmnec- L'ki. ":1,;

placed at the center of the sticky floor m each trap. The 5nc~'" floors were replaced ~r weeki\

intervals after counting the number of moths caught m each rrap Tne 5\nrr,euc sex

pheromones were replaced every five weeks.

Results
Trap catches indicated that P :cylostella was active throughout the year (FIg 1i Cuches were

low during the swnmer (December-February), autumn 0-larch-\lay) and ",mer (June­

August), often fluctuating between 0 and S moths per trap. The lughest moth acn\m was

observed in spring (September-November), particularly in October, "hen catches were as

lugh as 3S moths per trap The flight activity of moths corresponded mth larval mfestanons

of the crops.
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Fig. 1. Flight activity of Plutella xylostella male moths as shown by synthetlc se:\-phe~cm0r.e

trap catches during June 2002-May 2003 at Brits, South Ainca Bars represent s:anJard e:-:-0:-5

when larger than symbol size. Diagonal lines on the x-axis represent transpla:1!::-.g ot :;,e',\

cabbage seedlings.
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Seasonal abundance of PIli/ella xvlos/ella larvae, pupae and parasllOld populanons

Methods

Cabbage seedlings were transplanted in three consecutive planungs dunng the Stud:- penod

(June 2002-May 2003) in plots of about 1000' m (05m between plants. I m row spacmg)

Standard culnvation practices that include fertilising, weeding and lmganon were ioilowed

'-:atural infestation of pests was allowed to rake place ""thout any applicanon or lf1sec~.::t""

Scouting for DB:\! larvae and pupae commenced two weeks after tr:1l1splannng :he ne'.\

cabbage seedlings m the field. At weeklv mtervals. 30 plants selected rantom;, \\e,e

mspected and the number of DB:\! larvae, pupae and parasllOlQ cocoons iound :n eac:, ~iar::

was recorded. In order to determine parasinsm, samples oi larne (tlurd and iourl1 msws L

pupae and parasltOld cocoons were collected. The samples were taken to the laborarorv "here

they were maintained at 25::I'C, 65::5% RH and 16.8 (LDl photopenod The ''ll'\ae "e,e

provided with sections of fresh cabbage lea'es and held smglv tn Pem dlshes The :ea\ es

were replaced every second day until the larvae pupated or parasllOlc ;:ocoons ronned

Samples of parasitOld cocoons and DB:\! pupae were confined mdiv1dualh' m v·er.ni:lled g1:lSS

vials (2.5XlOcm) Emergmg parasitoids were Identified and theIr mCldence calculated The

number of moths that emerged from samples of larvae and pupae were also recorded Lmae

and pupae that died of unknown causes were excluded from the calculanons

Results
Infestations were low during summer (December-February), autumn (\!arch-\lav) and "1mer

(June-August) with infestations fluctuating between 0 and 2 larvae pe, planl (F,g :1

Infestations increased substantially m sprmg (September-'-:ovemberl. parncularl\ tn

September and October, reaching a peak of 25 larvae per plant Howe\·er. the mfeslanons

declined sharply towards the end of October and November, reaching very low levels In

summer and remairung low throughout tlus season (Fig. 2) Even at low pest denslnes. a

relatively high number of plants were infested (Fig. 2), an indicanon of a regular dlsrnbur.on

of the pest on the crop. All the developmental stages of P xylosrella were present throughout

the year, an indication that P xylosrella occurred in overlapping generanons
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Fig. 1. Abundance of larvae and pupae of Plurella xyloJuUa on unJp~yed .::.abbage ploLS

during June: 2002·;-"lay 2003 at Brits, South. Africa. Solid cireks represent proportion of

plants infested; open circles represent number of P. x,dosrefla lar .... ae and pupae per plant

Bars represent standard efTors (5.E.) when larger than symbol size. Diagonal lines on the 0;.

axis repre!ent transplanting of new cabbage seedlings
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Composition. seasonality and relative abundance of P nlosrella parasllOlds

During this period of the study, seven species of hymenopterous parasllOlds were reared from

P xylosrel/a (Table 1). Some of the primary parasitoids were active throughout the vear (F,g

3), and were largely responsible for the very high parasiusm levels that reached 1000
0 on

several occasions (Fig. 4) HyperparasitOlds were also active dunng most of the Ve:lf IFIg .J',

Hyperparasitism was generally low, except for the sprmg (Fig .J)

Table 1. Parasltoids assoclated with Plucelia xyio5tella recorded jur::",~ :~:-.;: : _ : - \' . .1.

Bnts. South Africa. and their host re13tlons

....... SPecies.
Primat:\'" parasitoid5

Cotesja piutellae

Oom,vzu5sokolo ..... skli

Diadromus collans

Apanrele5 halfordl

H~"perpara!iitoid5

family

Bracomdae

Euiophldae
Ichne'..1momdae

B:-3conidae

. .Host relations

Pupal parasito:":

Lar;al ?ar2.s::2:":

Eurytoma sp

Afesochorus sp

Pteromalus sp.

Eurytornidae AttaCKS C plutei;o:;e

cocoons

lchneumonidae Attacks C. pllael/ae ::::;:.:~

DB~11arva The of:-sF~::'.~

emerg.es from C pi:d<! ;'.'';r!

cocoon

Pteromalidae Attacks C. pllaeilae

cocoons

An annotated list ofthe recorded parasitoids

Coresia plure/lae (Kurdjumov) (Braconidae), a larval parasltoid, was acn\e throughout the

year and dominated the parasitoid complex (Fig. 3). OomY::lIs solwlO\\Skli (KurdJumo\)

(Eulophidae), a larval-pupal parasitoid was also active throughout the year and was the

second most abundant parasitoid (Fig. 3). Oomyzlls solwlollslaz was the onl\ greganous

parasitoid of P. xylosrel/a recorded dunng this study. Although it emerged from s:lfnples oi

P xylosre/la pupae, in the calculations of percentage paraslusm It ""as reg:lfded as a laf\:ll

parasitoid. On a few occasions, 0 solwlowslai also emerged from C plwel/ue cocoons. but

its activity as a primary parasitoid far exceeded its hyperparasitic acti\lry

Apanreles halfordi (Ullyett) (Braconidae), [=A. eriophyes C"lxon)], a lanal parasltOld. was

also recorded throughout the year but its activity ""as sporadic (FIg 3) Apameles Iwlfordz tS

specific to P xylosreUa and is endemic to South Afnca Dzadromlls col/am (Gra\enhorst)

(Ichneumonidae) was the only pupal parasitoid recorded dunng this study, It was aC:l\e from

March to November (Fig. 3). Although pupal samples were few, It accounted fur her-wen :0

and 100% pupal parasitism
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Hyperparasitoids were active mainly in spring (September-:"ovember) when they accounted

for up to 50% hyperparasitism of P. xyloslella larvae and C plwellae cocoons (FIg 4) The

most abundant was Pleromaills sp. (Pteromalidae), followed by ElIryroma sp IEUf'10mldael

and Mesochonls sp. (Ichneumonidae). Pleromaills sp. and Ellryloma sp attacked C pllll,·!l."

cocoons and emerged from them. Pleromaills sp also attacks cocoons 01'.4 haltordl and [>

moWpla, and occasionallv also D collans mside P xyloslella pupae .If-·,oc!wnI.' sr

OV1pOS!tS on developing C plwellae larvae illSlde P xyloslella lana. and IlS orrscrr,~

completes development once the pnmar;.· parasltoid has fonned a cocoor. It :hen cucates

inside the cocoon of Its host and emerges from It
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Fig. 3. Paf:lSitism (open .:ircles) and hyperparasitism (solid .:ircles) of P.':.rc.':,.; X:-. :~!:,z:.~. ;.:lr..l.:

on unsprayed cabbage during June 2002·\by 2003 at Brits. South Aiii.:a. Sumbe:"S;r. ;r ~.:~<:...,

indicate sample size. Diagonal lines on the x-axis represent transplanting of ne\~ .:abbag~

seedlings.
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I.e. Scientific Impact of Collaboration:

A major feature of the initial proposal was to enroll a South African pamclpam to thiS

project, as a doctoral student at the Hebrew Uruversity of Jerusalem (HL, After the last

minute withdrawal of Mr. Satch Mosiane from the project In early 2002, we Idenmied a new

suitable South African candidate, ~lr Sicelo Robert :-iofemela 'vir :-iofemela" To L"e nni

stages of Ius :Vlaster's studies at Rhodes Uruverslty m South Africa \Ir :-iofe:nela Jr.\ ec :n

Israel in February 2003 and was mvolved m the mtensl\e sup;ev for Dlamcncbc~ "',CL~

parasitoids unnl his departure In :Vlay In addinon. \Ir :-iofemela was exposed to mc :C'C~

part in all aspects of academic life m the Deparrmem of Emomologv (HC) In Rehovot Ee

plan IS for ~lr. Nofemela to apply for the PhD program at the Hebrew Lruwrsnv ar.C: tha!

major parts of his dissertation \\111 consist of aspects oftlus CDR project

In Apnl 2003, Dr Rami Kfir arnved to Rehovot to coordinate research prOlcwls ar,c J,lSCClSS

:Vlr Nofemela's dissertation work plan It was deoded that :Vlr. :-iofemela wouic s"ern,: :U5

application matenal to the Hebrew Uruversity once his \Iaster's thesIs IS apprc\'ed :~, lale

summer He will then spend 6 months In Rehovot, starong at the begtmung of sprJ1g

semester in February 2004. Dunng this time he will assist In research on parasllOlc C)[Qlo~n,

take courses, develop his dissertation proposal, and have It approved b\' his cllsse:tanon

committee. He will then return to South Africa to perfonn most of his dissertanon work, and

will return to Israel to present a progress report and fuush \\nnng his cllSSer1anOn and

scientific publications.

I.D. Description of Project Impact:

During this second year of the project, data on pest populanon d)narrucs and parasmsm rate

were collected in South Africa and in Israel While these are important background d3.ta for

the project, they are not of an applied nature.

LE. Strengthening of Developing Countrv Institutions:

Investments in equipment and in facilities, including field facilines, are an ongOIng process

They proceed reasonably well.

I.F. Future Work:

The work in Israel is about one year behind schedule This setback IS due to the last minute

withdrawal of the South African trainee during the first year of the stud)' We hope to be able

to make up for at least some of this lost time dunng the next three years of the proJ eel

Section II

II.A. Managerial Issues: None
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II.B. Budget: There were no major changes in budget items during tlus repomng penad

II.C. Soecial Concerns: It appears that

ability to recruit South African trainees.

stay in Rehovol

the uncertain security siruanon ill 15r~el meets OUf

:\Ir :-iofemela expressed such conc~ms dunn; hiS

n.D. Collaboration. Travel. Training and Publications:

Collaboratlon - CoUaboranon level 15 SatlSfaclOry The pnnclpl~ 1l1\e57Jg3!Cr 3!'C ±~ ~2'

principle investigalOr keep in contact through email. fax and te!ephon~ commun:c:l!:cr.s

These contacts allow the coordination of tie!d\\Dtk and expenm~nta1 prcced"r~5 Scr:,~

communication also takes place \\1th :\fr. Nofeme!a concernmg Ius progress

TrQ\'el - Dr. Rami Kfir traveled to Rehovot 111 .-\pnl 2003 TIns mp, onguoa1h 5,h~cu:~~ ::C,

2002. was postponed because of the setbacks we expenenced 111 recrumng 3 Scum .-\::'. ,~2..~

tramee, During his VIsit, the PI and co-PI spent many hours dJscU55lr,g res"':,; :c iJ:~.

comparmg DBM parasnoid complexes 111 South AfriC3 and Israel. and m"-,,,ng pi3l'.s :2r T.~

next phase of the project, including :\Ir :Kofemela's dissenation research

Training - "'fr, Nofemela had benefited much from the acadenuc en\1rOnment 11 R~ho\Ot .lfi':

was involved in the projects' research on a regular basis He had the opponurutv to mt~r3C:

\\ith other faulty members, graduate students and staff lJ1 the department and gct to kIlo" :h~

cole cropping system in Israel.

Publications - None

n.E. Request for US Embassv erel Aviv) AID or BOSTID Actions ),'one
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