
jo poqlaw aql %u!sn sloo~ aql wo~j pa~eda~d aJaM 
suo!suadsns ~JO~S put? oluwol uo 'dds auiC8op1olafl 
uo UMOJ% aJaM salelos! suarlauad 'd ayL 

-q 8~ Jaljt! (zy) snl!uannr paqaeq 
aqlEIu1j3a1103 pue (a~nl~ade -e!p md 001) aAa!s uolAu 
e uo JaleM del jo anrnloA lleurs u u! way1 %u!puadsns 
'sassew %%a go %u!y~!d 'swalsLs IOOJ ayl %u!~s~M 

Allua% Aq pau!elqo seM urnln3ou! apoleuraN 'LIJIJ, LUIJ, 

oleurol uo paJnlln3 sea uo!lelndod aui3oplolafl 
aqJ, -suwlauad .d pua sapolawau 8u!Jnl(n3 

SaOHLBM CINV S?VINBJ,VW. 

sun~iauad .d jo sa~ods JO uo!suadsns u 01 pas 
-odxa uaqM lunwq3elle n~ods jo a%ue~ ap!M e pamoqs 
n~yuonr?/ .m jo adAlo!q auo jo sasseur 4% uro~j paqney 
ley1 sal!ua~nr 'oslv '(2661 'ua~o9 Jauueqa) 
A1!3!j13ads lsoy 01 13adsaJ q11~ snoaua%o~~laq s! 
sunrlauacl .d pue luawq3elle ~JO~S 01 A1q!q!1da3sns 01 

13ads3~ yl!m snoaua%o~alaq aJe .dds au&?op~opfl 

'(8861 
"le la sayea f~g61 '1~uruS q UMOJ~) sloo~ apuAu! 
ley1 sq!ua~nf jo sJaqwnu aql %uynpa~ Lq osle lnq s%%a 
%~13npo~d salewaj %u!l~3~3~d /Cq A~UO leu suo~lelndod 
apoleurau louy-IOOJ sa3npn~ sungauacl .d '(~861 
'%U!IJ!IS 10861 'a~lCes) sapolemau louy-IOOJ isu!e%e 
LIJ~?]I~~!~JL?~ '1~3%~ lOJlUO3O!q InJSSa33nS t!JO Salnq!Jllr? 

e pug 01 JapJo u1 salelos! suagaunrl 'd IuaJaglp %u!sn aql seq 11 '(~86 1 'JJ~IS q a- keg) al3L3-aj!l 3y1 

sapmaj jo uo!j3aju! luanbasqns pue uo!seAu! aql 'pue alayd~uo:, put! lsoq aql jo sa!poq aql u~yl!~ urn!lasAru 
'ala~a wo~j .d&s auiC80p!ola~ jo uo!lelndod e 01 S~JO~S e se MOJ~ 'ap!ln:, 341 %U!IF?JI~U~~ pue %u!~eu!m~aFi 
suvr~auad jo luawq3elle 341 pau!wexa aM Jalje 'q3!qm 's3po1eu1au jo al:,!ln:, aqlol aJaqpu q31qm 

'IOJIU030!q JO A3~3!#3 ayl U! 3peW aq 01 3Ju S~JO~S s33npO~d 11 'S3pOlELIJ3U 3!l!~t!~t!d lueld U!t?lJ33 

S~U~~~AOJ~UI! J! AJESS~~~U S! d!qsuo!lt?la~ al!sI?JL?d lSOq j0 ua%oqied al??%!lqo UE S! (S861 'JJelS q ~JAVS !O~61 
aql jo %u!~u~JsJ~~u~ Jallaq v ' (066 1 'uwoseule~) 'au~oq~) sunr~auad n~rna~so~ wn!~al3eq aqL 

.Q!l!qe!~n~ 'sun.ila?rad v!Jnnlsnd 'lo.111103 lu3!8olo!q 'v2!rru~n/ .W 'ni!frYoxr! .~IIICSO~!OIJM/ :S~JOM Lax 

.sa.~ods 

Jamaj Lq pa~aqmn3ua aiam ~vyl sal!ua~nl: p!p ueql paloaju! nluvJaq hllenlua~a saiods 8-s ql!m paiaqmn3ua 

sapolaluau aql jo uo!l~odo~d ialea~% v .sa!Jads alq!ldaxns a.roul aql som v~!un~n/ .W 11?yl punoj sem I! 

'palsal a~am uo!lslndod apolemau louy-looi II~I~J~ ayl jo sagads luar~odluo:, aql jo saw( ssew 48a a(8u!s uayM 

.suo!lslndod Jaylo om moij sa~ods hq ueql sale(os! nml1auad .d jo aJnlx!lu I? jo %u!ls!s1103 uo!lelndod I? lualj pue 

e3!JjV qlnos moJj .nrv~lnuad .d jo alolos! 1113 jo sa~ods yl!m pa.laqmnoua Ll!~naq a.~olu aiam sal!uaAny .n~!rrnicql 

'W %SZ PIIF ~I~IIXOJII! nfriCXop!op~q %SL jo SU!IS!SUOD 313~3 WOJJ sapolI?luau IOII~-IOOJ JO uo!lelndod pla!j 

e lu!sn passasso seM nrvrlafrad n!Analsnd jo suo!~elndod luaJajj!p mo~j S~JO~S jo ~ualuy~e~~e aq.1. ./Oeurwn~ 

.xn 'J,VZ 998 '%u!peag '%u!peag jo il!s~a~!un aqL pue '>In 'sl~ P~MI 'luay 'meq1eq3 'alnl!lsuI sawnosag [eJnleN 
XX 

'a~1a.19 'ala~a 'e!ueqa 'saaJl a~!lo pue s~ueld le3!do~lqng jo a~n)!~sul 'dgv~ 
X 

ualclot) uow!~ pue noleynohno~ a!jjB +* + 



E. Vouyoukalou and S. Gowen 

Stirling and Wachtel (1980) viz. attachment of P. pene- 

trans spores to juveniles. A 0.1 g sample of powdered 
tomato roots that had contained infected females was 

ground for approximately 5 min in a pestle and mortar, 

mixed intoa suspension in 100 ml tap waterand passed 
through a 25pm sieve to remove debris. The spores in 

the suspension were estimated with a haemocytometer 

and the suspensions adjusted to lo4 spores/ml. P. 

penetrans populations used in the experiments were 
Pp 3 from S .  Africa, Pp I from Australia, Pp blend 

containing the mixture of populations used by 

Channer & Gowen (19921, and Pp C of unknown 
origin. All populations except PI, C were in the 

collection at Reading and had been produced for at 

least one generation on the root-knot nematode popu- 

lation from Crete. The isolate Pp C had been found 

associated with this nematode population. 

Experiment I. Attachment of spores of different 

P. penetrans isolates to a mixed population of 
Meloidogyne incognita and M. javanica. P. penetrans 
populations were adjusted to a series of concentrations 

and 1 ml aliquots were placed in staining blocks to 

which a further 1 rnl of tap waterwas added, containing 

approximately 200 J2's of the nematode population 

estimated to be 25% M. javanica and 75% M. 

incognita. The blocks were placed in an incubator at 

24" C for 24 h after which 20 nematodes from each 

block were examined with a binocular microscope and 

thc number of spores attached to each nematode were 

counted. Five replicate blocks were used for each spore 

concentration. 

Experiment 2. Attachment of spores of different 

P. penetrans isolates to single egg mass populations of 
Meloidogyne incognita and M. javanica. Juveniles of 
single egg mass lincs of M. incognita and M. javanica 

were exposed to populations of P. penetrans under 

conditions as described previously. The spore concen- 

trations per I ml were as follows: Pp 3 - 3 x lo4, 

PI, blend - 1.7 x lo4, PI, C - 3 x lo4 and Pp 1 - 10 x 

lo4. Thc mixed Mcloidogync population was also used 

with the Pp 3 population. Replication was fivefold and 

20 juveniles from each replicate were assessed after 
24 h. 

Experiment 3. Influence of nematode host on 

which P. penetrans was cultured on attachment of 
spores on Meloidogyne spp. Groups of 200 J2's of the 

Meloidogyne population were placed in suspensions of 

Pp 3 and Pp blend which had been cultured on 

Meloidogyne spp. from Papua New Guinea and on the 

Cretan Meloidogyne spp. population. Spore 
4 concentrations were 3 x 10 spores per ml, replication 

was threefold and spore attachment was recorded on 

20 nematodes from each replicate after 24 h at 28" C. 
Experiment 4. The effect of number of P. 

penetrans spores attached to infective root-knot 
nematode juveniles and the incidence of infected adult 

females after 47 days. A bulk samples of J2 hatched 

from the field population of Meloidogyne spp. was 

placed in a suspension of Pp 3 at 6 x lo4 sporeslml. At  
four periods up to 24 h groups of juveniles wcre 

removed from the suspension and the spore 

attachment on 20 individuals was recorded. A control 

group was kept in water. One thousand J2 from each 

group with 2.86, 3.73, 5.26 and 8.25 sporesjJ2 

respectively were inoculated on 42 day old tomato 

plants growing in 15 cm pots and kept in a glasshouse 

for 47 days. After washing out the roots a random 

sample of 12 females was taken from each root system, 
and these were crushed under a cover-slip and 

examined at x 400 for the presence of P. penetrans 

spores. The remainder of the root systems was dried, 

milled and spore concentrations estirnatcd from 100 

rng samples. 

R E S U L T S  
Experiment 1: Attachment of the spores of the 

different P. penelruns populations to juveniles of the 

Meloidogyne spp. population varied greatly. Gene- 

rally, there was greater attachment with increased 

spore concentration (Fig. I, Table I A-D). Thcrc were 

many nematode juveniles which were unencumbered 

with spores in the Pp 1 and Pp C suspension, whereas 
in Pp 3 and Pp blend relatively few nematodes were 

observed without spores attached. 

Experiment 2: The spores of Pp 3 attached in far 

greater numbers to the single egg mass line of M. 

javanica (28.13 spores/Jz) than to M. incognita 44.06 

spores/J2 (Table 2), whereas with Pp blend attach- 

ment was similar, and there were mean attachment 

levels of < 1 with Pp I and Pp C on M. incognita. 

Attachment was always greatest on M. javanica 
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Table I.  Variation in ranges of spore attachment of four Pasteuria penetratzs isolates (A - D) on M. incog t~ i ta lM.  javanica juveniles 
at different spore concentration. 

* mean from 5 replicates each with 20 nematodes. 

Table 2. Attachment of different populations of P. penetrans to single egg mass lines of Meloidogyne incognita and M .  javanica from Crete. 

* mean count from I00 J2's. 

Table 3. l'hc mean percentage of infested females recovered from tomato roots, spore production and the galling index after being inoculated 
with second stage Meloidogync juveniles encumbered with different numbers of spores. 
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Pastatria penetrans 
Pp blend Pp blend ex Meloidogyne Cretan origin 

Spores per nematode 

Pasteuria penetrans 
PP 3 Pp 3 ex Meloidogyne Cretan origin 

Spores per nematode 

Spores per nematode Spores per nematode 

Fig. 1. Spore attachment on juveniles of a Cretan population of Meloidogyr~, containing 25% M. javanica and 75% M .  incognita, 
incubated in suspensions of different Pasteuria penetrans at different spore concentrations. 

0' 
x 18 x 8 x 4 x 2  undiluted 

Spore concentration 

Fig. 2. Frequency distribution of spore attachments of two Pasteuriapenefrans isolates (Pp 3,  from South Africa and Pp blend. containing 
a mixture of populations used by Channer & Gowen (1992)) produced on different nematode hosts on juveniles of a Cretan population of 
Meloidogyne, containing 25% M. javanica and 75% M. incognita. 
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Experiment 3: Pp 3 and Pp blend cultured on 
Meloidogyne spp. from Papua New Guinea gave 
similar levels of attachment (Fig. 2). However, when 
these populations had been cultured on Meloidogyne 
spp. from Crete the pattern of attachment was very 
different with more than 80% of the J2's being 
encumbered with less than 5 spores. These differences 
in attachment were not random according to the 2 test 
(P = 0.001). 

Experiment 4: There was significantly greater 
galling on tomato roots inoculated with unencumbered 
juveniles than on those inoculated with J2's with P. 
penetrans spores attached (Table 3). The incidence of 
infection of females was highest with J2 inoculum, 
encumbered with 5 spores and lower with the other 
spore attachment levels. The spore production in the 
root systems was not consistent with spore concent- 
rations of up to 400 x lo4 spores per 100 mg dried root 
in one treatment. 

D I S C U S S I O N  
The attachment tests showed how a nematode 

population was differentially encumbered by spores of 
populations of P. penetrans of different origin. Stirling 
(1985) and Davies et al. (1988) reported the 
differential susceptibility to spore attachment was 
evident even between populations within Meloidogyne 
species. Recently, molecular techniques have demon- 
strated how differences in attachment may be due to 
heterogeneity of the nematode cuticle and also 
heterogeneity within the Pasteuria population (Davies 
et al., 1994). The biochemical mechanisms that 
account for binding of spores to cuticles is still not well 
understood but could be related to acetylglucosamine 
(Davies & Danks, 1993). 

Differences in attachment were also apparent 
when the species components of the Cretan root-knot 
nematode population was probed with different P. 
penetrans isolates. Spore attachment was greater on 
M. javanica than on M. incognita which probably 
explains why attachment on the field (mixed) 
population was lower, as M. incognita was the predo- 
minant species. 

Generally, where mixtures of P. penetrans 
populations have been used to probe a nematode 
population, spore attachment is more consistent. This 
suggests that the mixture of P. penetrans populations 

being used in such tests contain spores with wider 
adaptability and thus are potentially more useful in a 
field situation (Channer & Gowen, 1992; Tzortzakakis 
& Gowen, 1994). 

A feature of the spore attachment studies reported 
here is the relatively small numbers of spores that 
became attached when nematode juveniles were placed 
in suspensions of > 100,000 spores for 24 hours. The 
reasons for this are uncertain but could relate to poor 
viability, dormancy or to the heterogeneity that has 
recently been described by Davies et al. (1 994). When 
considering P. penetrans as a potential biocontrol 
agent in the field, or in protected cropping, the 
relationships between spore concentrations in soil and 
the incidence of infection will be of primary impor- 
tance. 

The critical number of spores attached to free- 
living, infective juveniles to ensure that the ensuing 
females are infected has been estimated to be five 
(Stirling, 1984). When the spore burden is greater the 
number of nematodes invading roots declines. I t  is 
possible that this would account for the greater per- 
centage infection of the females encumbered with five 
spores than those with eight, on the assumption that 
fewer of the heavily encumbered nematodes succeeded 
in locating and/or penetrating the roots. Also, this has 
important implications for field epidemiology of this 
host-pathogen interaction as i t  suggests that popula- 
tions of P. penetrans that attach readily may not 
perpetuate if the encumbered juveniles are unable to 
invade and provide the means for reproduction of the 
bacterium. 

The concentration of spores in the roots was not 
as great as had been anticipated. The conditions under 
which the plants were grown were similar to those 
recommended by Stirling (1981) in which the 
appropriate number of day degrees had been achieved. 
However, under glasshouse conditions the tempera- 
tures did fluctuate and it is possible that the periods of 
lower temperature adversely affected the development 
of the P. penetrans. 
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Vouyoukalou E., Gowen S. O q e ~ ~ a  Pastewia penetrans KaK 6nonornqec~on) arema u 6opb6e c IannOBblMM 
HeMaTOnaMM Ha K ~ u T ~ .  
P e s m ~ e .  Oueensann npunnnaeMocTb cnop pa3nns~blx nonynnunii Pastewia petletruns K nones02 nonynuuun 
RlnnOBblX HeMBTOn M 3  K p u ~ a ,  C O C T O S I ~ ~ ~  U 3  75% Meloidogyne incognita n 25% M. J U V U ~ ~ C U .  K ~ M ~ M H K ~ M  HeMaTOR 
B 6onbmeA c-reneen npununann cnopbl n3onn~a P. penetrans n3 WXHOW A @ ~ U K H  n n30nu~a. uanulouemcu cMecblo 
nonynaqufi, seM cnopbl n3onrn.a n3 Asc~pannu H uaonn-ra HewssecTHoro nponcxoxneHua. McnoJIb30BaH~e s o n b ~ ~ a x  
~ M H H A  rannosb~x HeMaTon, sblneneHehlx n3 oneon) aiiuesoro MemKa, no~asano,  CITO M. javanica aanneTcn 6onee 
BOCnPWllMW4BblM K 3THM 6 a K T e p ~ a ~  BUnOM. 60JlblUe CaMOK 6bmo 06b14~0 nOpaXeH0 ~ ~ K T ~ P M R M M  B TOM Cny~lae. eCJlM 
K nugnHKaM npu~pennnnocb 5-8 cnop. 


