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Fig. . Heterodera posttingione. A, B, Oesephageal regions of male and secomd-stage larva, respectively. O Head, second.-
glage Brva. [ Tadl, secorud-stage larvi. E, F. Latesal Hields 2t mid-bady of second-stape lara ard male, respectively, GG, Tail,
male. H, 1. Ennre make and second-stags larva. F, Chyeas, rwo willh e sacs. Figuris ol spécimsers froon ¢ulture arigmally
demived from iype-locality,

Hetevodera goetfinglana Lichscker, 1892,

Svn. H. sekachny (pea straind of Lebscher, 1890; H. | Meteroderg) poeriingimea Lielscher, 1852
{Skarhilovich, 1953),

MEASUREMENTS  Mean measutemienls and standard devialions of specimens from a culture osiginally dermved
feom 1vpe locality; 25 75 Stybet length = 257 + 10 g sivlet base 1o dorsal oesophageal glansd duct =
554 10 p; mumber of head annales = 1-3; head tip to median balb valve = T1LA + 8.4 g dinmeter of
median bulh = 2.7 @ + 2,1 w; head tip to excretory pore = 13,1 + 34 g, Dimensions of genital region
feaiures similar bo these ol cysis.

25 cysts: Length excluding neck = 521 + 33 ) maxdmum widis = 372 + 44 p; length of fenesira =
353 + 5.9 @ widih of fenesies = 37.4 + 4.3 & length of semifenestra = 163 + 3.9 5 anus to fenesiml
edge = 36,2 + 4.6 jv; length of vulval bridge = 33,0 + 5.4 4; maximum width of sulval bridge = 10+
0.9 w; length of valval slit = 389 = 7.2 o; length of underbridge = 117.2 = 13,1 u; maxamuam wilth ol
underbinidge = 6.1 4+ L5 u.

Mealyvpe cyst-cone dimensions: Length ol fenestra = 3% g bength of semifepsstras = 15 g and 16 j;
width of feseatra = 37 g anus 1o fenestral edpe = 30 u; length of valval bridge = 36 4 maximuam width
of vabval bridge = $ g length of subval slit = 36 @ length of underbridge = 125 g; maximum width of
underbridpe = 5 u.

S AT L=120% 112 u; a =514 & 4.6; width al excretory pore = 24.7 = LB u; stvlet lengih = 20.8
2 140 gy stylet base 1o dorsal oesophapesl plapd duct = 7.9 + 1.2 g3 head tip 10 median balb valve <



1008 & 5.5 g; head fip 1o excrefory pore = 157.5 £ 8.9 u; spicule length alopg axis =265 4 4.3 5;
gubernaculum leopth= 123 £ 2.0 y; length of tests plus vas deferens = 653 = BI g3 tail lengih=5.1 4
10w, 30 second-stage larvae: L=486+ 12 g0 = 23,1 + 1,1; width a2 excrelory pore = 19,4 + 0.7 53
Stylel bength = 24.6 £ D8 i, styles bage 10 dorsal ocesophageal gland duet = 53 + 0.7 g head 1ip to
medinn bulb valve =703 & 13 p; head tip 1o excrefory pore = 1016 & 4.0 g; anus to ferminus = 60,1
+ 3.3 tzil width at wnas = 127 + 0.9 g; hyaline part of @il = 370+ 3.2 o,

Some measurements are also given by Jones (19500, Fenwick & Franklin {1951}, Goffart {1960), Macars
(159620 and Matrihews (1971 L

DESCRIFTION  Female: Body swollen, lemoneshaped, with projecting meck containing the cesophagus and part
of oesophagedl glands, bearing the head with one 1o three projecting head annules. Anterior part of pock krregularly
anmudated, remainder of body without penubstioss or Eatoral liclsures bul covered with reticulate ridges forming a
brickwork-like pattern, Head skeleton weak, bexaradiate, Anterior part of stybet about 50 of styled length amd often
detached in presecved specimens, stvlet knobs rousded. Stomal lining forming o comples Iyre-shaped fube asound
siybet shafi, exiending bock from basal plate of head skebeton for 0 5 of sivlet length, Median sesophagen! bulh large,
sub-spherical, with prominent oval valve, oesophageal glands in o broad Iobe, often displaced by massively developed
paired ovaries. Promisent excretory pore st base of neck. Yilva and tail region carried on on objuse cone-shaped pro-
jection apposite the neck, the valva a transverse slit surrounded dorsally and venirally by thin-walled crescent shaped
areas lesving the valva on a thicker-walled bridge-like structure. Vaginu supported proximally by strongly develeped
Interal bandds of muasche. Fenestral region susrounded by a sone of thickensd cuticle (Fig. 2A% The fenestral region is
it the posterior pole of the bady with the anus in & dorsal position. Femnales are white on emergence from tse root
corie A remain so throughowt their development, turning brown at death, Fermales produce o gelatinaus egg sac,
exuled through the valval aperture, inlo whick some insdividuals kay a few egps (Jones, 1950k

Cyst i Lemin-shaped with proiruding neck and vulval cone bud irregularly formed specimens are common (Fig, 1,
T Ambifonestrade. Volval region may be intsct in new cysts But in older specimens the thin-walled cuticle of the
terminal region is lest leaving an open fenedtra cressed by o vubosl beidge bearieg the valval i and dividing the
feneitra it two semiscirculpr semifesestrae. The batersl musches atlaching the proximal part of the vagina to the
bady wall remain ds an underbridge and the vagina remains as o sheal-like structare between the valval bridge and
underbridge. Cyst wall dari brown and tough, with a thickersd, strongly pigmented zone surrounding ihe fenssir
Ballas absent, Cyst wall bearing ridges forming & retioubare belckwork-like paitern. Sab-crystulline loyer not visible
under light microscope but a very fine layer is appanent with the scanning electron microscope. The egp sac is usually
ot Erom cvsts recovered from sedl. For terminobogy of eysi-come siructures see Cooper (1955), Hesling (1965) and
CIH Dereriprinms Set 1, no_ 1.

Male: Yermiform, with a very short blumily rounded i, Bedy adopting o chamcteristically curved position on
hear relaxalion, the pastersor part often twisting through S0 about the long axis (Fig. 1, H). Cuticle regolarly annuo-
lated, 4 incisures In laeral field, appears un-zreclated under the light microscope but i3 so dn ihe scannlng clectron
microsoppe, Head offset with prominest head Gup and 5-6 annules. Head skeleton hexaradinte, heavily scherotized,
Anlerior and pesterior cephalids 21 level of 2nd and £-9h body annules respectively. Well developed sliylel, anterior
portion 455 of wetal stybet leagth, knobs rounded with anterior faces sloping backward, Stomal lining forming a
Iyre-shaped tube arownd sivles shafi, exiending from basal plate of bexd skeleton for 60755 of siylet length, Median
ociophageal bulb o dender ellipse with praminent crescentic valve plates, Dorsal and sub-ventral cesophageal ghand
krhes distince, bodh lobes extending beyond excredory pore but sub=ventral lobe longer, extending 10 132 of bedy
bediggeth Trom head. Dharsal gland nucleas prominent, sub-ventral pland necei sbscure. Broad nerve ring encircling
oesophages betacen median bulb and gland lobes, Hemizonid distinet, 2 annulss long, useally 5-7 annules anterior
io excrelory pore, hut in one specimen It was only 1 annule anterior o the excretory pore. Hemizonion not sesn.
Testis singhe, aboutl 50%, of 1aeal body kength, packed with dense, spherical spermatogonia and terminating in 2
glandular-walled vas deferens with narrow lumen, Cloacal aperiure small, surrounded by o ralsed collar-like lip.
Spicules stout, curved with inner fices reflesed inward and intedlocked proximally to form a be (see Clark e af,
1973}, Speculs lips browd and said o be tridentace by many authoritses bul this Character s difficull o reselve witls
th light microscope and electnon micrascopo studies indicale that ihe spicules have bidentnie tips {Clark ez al, 1975
Giubernaculem o simple rod, Phasmids and caudalids not observed.

Second-snge larva: Folded 3 times inegg. Vermiform, with regularly annulatsd euticle, 4 inelsures (n lateral Geld
along most of body, reduced 10 3 ar aneerior and posterior, Later field appears un-areclated under the light micro-
wape but is soin the scanning electron microscope. Cutlele thicker for first -8 body aniudes. Head slighily oflae
with 2-3 annules, & dorsoventrally elongate oral disc amd lateral lips bearing amphid speriures—these churaciers ars
shown by seanning electron microscopy, Head skebeion massive, hexaradiate, often obscuring seybet tip, Cephalids
il Inid &l Eth snnules behind head. Stylet robust, kesobs vaeyleg lrom snsoothly roanided to sBplily hoaked sliagsed
wiih recurved amterlor surfaces. Stomal Hning forming a lyreshaped twbe around stylet shaft extending from basal
plate of hend skeleton for about &0% of sivler kengih. Antersor part of sesophagus os in mole. Oesophageal plands
i an elongale lobe, extending for 317% of body length from head ; broad postericry, dorsal gland and sub-ventral
glind lobes less distinet than in male bul distinguishable by texiure; hoth lobes exiend beyond excretory pore
Dhorsal gland nucleus prominent, sub-ventral gland nucled isdistinet. Nerve ring &8 o male, Hemionid 2 aomibes
witde, | annuleanierer loescrebery pore. Hemdzonion less than | anmide wide, T or & annules behind excretory pone.
Genital primordium a distines two-celded structure aboul hall-way along body, Tail tapering uniformby oo fnely
rourided termimus, posterior &0 7 of fwil hyakine, Hyaline portion of tall ofen seei 1o comlaln 1 or 2 mimie refractive
bodies of uaknown compesition (see Sone, 19730, Caudalids and phasmids not observed,

Nobe on ddentification: Feserodens poeitingives cysis have a plump lemon shape with a wide vulval sl (escesding
M1 ), &re ambafenesirale, luck bullse and hove a brickwork-like parern of cuticular ridpes. Second-stage larae are
characterizsd by the stvlet knob shape and tail dimensions and the males by the broadly tipped spicules, apparently
irideniade. Severnl charncters mast be wsed in making specific identification, preferably together with information
on sl M. criciferae, N covatae and M. weticae ore most simidar but are distinguished by their shorter larval tils
I M. goeringiane e hyaline pone s 1,52 stydol length bat Jess tham 1.5« stybel length in the other 3 species, O
these 4 species anly H. gacrfinginrg hins a brickwork-like pottern of ridges on the cyvst surface and additkonally H.
woredive and A urtices hove more neasly spherico] cysts. Females and cysis of I goeriglang attached {o pea or velch
roods may be distingueished from the other Heterodera spp. parasitizing these plants (8. plyeimes, H. seifeli and 4.
schockrll (CGoodey e al,, 196515 by the apparent absence of & sub-crystalline lnyer. Hesling (1965 band Mulvey (1572)
ghve keys for soparating Meterodera species.



Fig. L A. Vulval cone, i, thickened hand af cutiede: sf, semifenesira: vh, vulval bridge; vs, vulval slit; ub, urlerbridge ; scale
bar = 5 . B. Plotomicrograph of cyst cong & saime magnilication. C, Scanning electron micrograph of unleresimisd cys
cane, & T
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TYPE HOST AND LOCALITY Pl sarfeim L. The type locality was describesd by Lisbscher as “local irial
fields™ mear to Gottingen University Agricultursl Institwie.

SYSTEMATIC POSITION  Tylenchida: Tylenchobbea: Heteroderidas: Heteroderinae: Heserodera Schmide,
18715 A, { Heterodera) Skarbilovich, 1959,

TYPE MATERIAL Apparently type material of 4. goedsigivan does not exist {8, Weischer, pers. comm.) and no
fully adequate description is available. & seorype cyst 5 here designated, taken from a culture on Pisem saticim and
derived from soil removed from the tpe-locality al Gidtlingen, now no longer availoble, supplied by B, Wetscher,
Riologische Bundesansialf, Milnster, West Germany, The neciype is deposited at Rothamsted Experimental Station,
Mematodopy Depariment tvpe collection number 76/2/7.

DISTRIBUTION AND HOSTS  Heteroders goeitingiang has been widely reported from Morthern Europe (sec
Goffart, 1941); Costenbrink, 1950; Jopes, 1965 ; and d"Herde, 1966 for details), from Spain ( Tobar Jimenez, 1962
nnd Tealy (Garofalo, 1964a). Kir'vanova & Kl (1971) illustrated populations from the USSR and Theme (19461)
reported iselated cocurrences in the USA, probably chance introductions, Brown {1958) and Jones (1965} pave details
of distribution in Englansd and Wabes and stated that many infestations were found in allotments and gardens as wiell
s on agricultural land. Hosts of major agriculiernl imporiznce are garden and fledd peas (Poam sativam), broad and
ficld beans (Ficta foba), vetches { Ficie spp. ), sovbean (Givefse max) and lenils (Leas esclenna), Theee species of
Pivvwre, 17 of Vit and % of Lechyens have been recorded s hosts including a number of European weeds. Thorne
{1961} srated that sweet pea [ Eothyrus odoratus) isa host but Jones {1 930) and Winslow [ 1954) reported that it was nol.
Pearly all hosts are in the tribe Vicieae of the family Leguminosae (Winslow, 1954), Many leguminous crops and
weeds were foumsd by these two authors io be non-hosts, For further details of host range see Goodey ef al., 1965
and for extensive host runge tests Tones (19500, Winslow (1954) and Oostenbrink {1951 who Tound no reistance ln
153 pea vaneies.

BIOLOGY AND LIFE-HISTORY Development and basic biology are simidlar 1o those of other Heferodera spp.
(e CIH Deseriptions Set |, Mos, Land 2, 5et 2, Mos. 16 and 1 7). Macara {1963} gave illusiratéions of ssch stage in the
lalig=history. The first moult occors in the egg, Second stage larvae are the invasive stage, entering host plant rodods and
passing through three further moualis to the adult. Males emerpe from Uhe bost rools bad females remain, ruplering
the rood cortex &5 they enlarge and often remalning partly burled in the cool tssue especially in the thick main roots
ol beans. Guevara Benitez or @f, (1900} reported that masimum invasion of larvae inlo roots of Mica saving ocourred
f:5 days alter commencement of growth; moulting barvae were most numerous 71-98 days later while malss first
appeared between the S8th and 98th doy and numbers reachsd a masimum al 117=129 days. W, poerringiana s
amphimictic and there is some evidence for environmental influence on sex ratio, In chick pea {Cirer arietimmg)
invading larwme induced a strong [necrotic ?] host reaction and only male adulis were producsd {Vare Alcala, Tobar
Jimenez & Mufioz Meding, 19700, On peas at inldkal populations off 4 egps'e soil 507 of eges resulted in females
buat it 359 epes i less than 1% did so (lones, Meaton, Parcail, Shepherd & King, 1965), Guevara Benitez of al, (1970F
alsc Found that a greater propertion of new adults were miales at high population densities thon at low opes, Mumerous
authors give evidence for exireine perdsience of the nematode in the absence of a host crop, with crop damage
ococurring after breaks of 10-12 vears (Brown, 19585 Moriarty {19635 fouma that numbers of vinble eges in f=n soil
dieclimed to 50% of the initial popelation i the frst 3 years and thereafier declined at o e of 30° of the surviving
population cacl year. Hateh of larvae from eges in field sodls & stimulaled by presence of a host crop (Brown, 1998,
Jomes & Moriarty, 1956; Anon., 1971), Shepherd & Wallace ( 1959} obtained a maximum emergence of only 1% from
cysts in sand with prowing pea plants bot in field soil under peas they estimated emergence at 3% over the initial
sevan weeks of growih, Winslow (19552) obtaimed 15% emergence in distilled water from cysts recently exirncied
Trom sodl with growing peas. Host rood diffusaies, & wide range of organic compounds and extracts from culturess of
pea rheeosphere fung all aded to stimulate emergence o oitre; only trentment with 35 calcium hypochlorite induced
& hatch, protably by dissolving the egoshell {Winslow, 1%53a; Shepherd, 1963,

HOST-FPARASITE RELATIONSHIPS Only one publication gives histiclogical details, describing changes in
Fiela sarivg rooits (Vam Alenln er al,, 19700, Afier invasion, endodermal cells surrounding the head of B second-



stoge larva form a syncytial transfer cell. As the female develops, suberin is deposited in the cortical parenchyma
eedls surrounding its exlarging body, The reaction is less marked arownd developing males.,

Root growth of infected peas s reduced but without the excessive formation of senall Eaeral roots characteristic
of the hosts of ather Heteroders speches and plants may suffer water siress even at low nemarode densities {Moriarty,
152, Formation of nitrogen-ficing bacterial nodules on pea rools i suppressed and often absent, resulting in
marked symptoms of nitrogen deficiency (Dostenbrink, 1955; Anown., 1971} Fungal infections are frequently
mssociated with, and aggravate, pea cyst nematode infestntions, Garofalo (19640, 198ke) showed thai dumage
b peas and bupins grown in sterile soil was more severe and developed eadlier when incculated with H. goet tingicans
el Frasariior axcpaporam than with either pthogen alone and bnplicated F. axyrporum in damags to feld crops of
peas. However, Dostenbrink { 1955) demonstrated the primary roke of the nematode: susface sterilized F. goct tingiam
larvae inoculated onio n Feserien oxpsporum-resistant pes variety consed typical symiploms. Field infestations
(ypically show patches of sick plants with velbow foliage, the patches spreading in successive years if no control
measures ang laken. The relationship betesen nitinl pematode depsiy and yeeld in peas s variable (Siemerding,
10 Moriarty, 1962, Jones & Morierty, 19565 bt Jones o o, (19651 and Winfeld (1965) found a sipmoid curve
besi fitted the relationship over & range of iritial populations from 410 339 eges/g soil. Winskow (1955 b} recorded 1aal
crop failune of pess at an initind density of 127 eppsfe sodl; Winfiekd {1965) reporied toial crop failure ot & mindmum
of 331 egps/g soil and a reduction of 75% in vield from plots with 250 eges/i compared with plots with 18 eggs/a,
Field and broad beans are less susceptible to domape than peas und are less eficient hosts (Winsbow, 19558; Moriarty,
1%i3n). Jones & Moriarty (1956) found thal over a range of 12 to 136 egesig soil, cyst numbers after velch were
double the inittal number bot eggs increased by only 277, Under Geld beans a similar increase in cyst nembers
ocgurred but with only a 5% increase in eggs. Windser ond Longpod beans caused @ refatively small incresse in cyst
numbers and reduced the egg populations. Peas capsed average increases of 265% of cyst numbers and 3789 of
cges. All crops tested produced final egp densities sufficient 1o cuuse damage Lo pea crops.

CONTROL  Small scale experiments have shown that some chemicals are effective. Memagon a1 30 1b .8 facre gave
some conirad (Procior, 1960). Heat sterilization, chloropicrin ag 0,3 md wi. Jitre soil and D=0 ai 0,05 ml 8.0, bire sodl
give complete contral in pot experiments but aldbcart ar 0025 ai lire soil and captan at §3g a0, litre soil were
s effective and nane of these messures was eoonomic (Elssa, 19715 Whitelead (1974) obtaimed control of the nemas
tode and increase in pea vields on clay and loam soil with a renge of small amownts of aldicarb, Du Poar 1410 and
Drevavcer TS (O O-diethyl O 6-Aucro-2-pyridy]) phosphorothioate) incorporated in the seedbed before sowing. Om
sandy clay only aldicarb and D Pont 1410 were effective.
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