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NEMATOLOGY DEPARTMENT F. G. W. JONES

1973 in rctrocPect

During the year the work of the department was disrupted by yet another move' this

;;ffi ;;;;;.i tuarters in the new Bawden Building Staff changcs and secondments

.iio"J'.ft. "f""t"d 
hboratory wo.k' Fieldwork continued without hindrance' and the

;;;;;;;;t J s. Moss in october 1972 enabled us in coltaboration with ADAS' to

#fi'T;'i;J;; oi e;nul"t o.."ti"ides on a range of soils' .work on cereal cvst-

;ffi&;;;fi.".a uv trt" appointment of B' R- Kerry in April 1973' Projects

i;;#;; il;; uii".pt. to .inlotuii bv computer models the wav in which male cvst-

""."jt.0". "t" "ttracted 
to their femal; and studies of the relationship between sex

ratios and resistance to cyst-nematodes'

Irtentifcation, stmcture rnd function of rcmrtode orgsm' 
. 
Becalse the extemal and

il;;"I J;;;; of nematodes tie near the limits of resolution of the light microscope,

;il;;";;; Lt-tu*a ;o"t"u.ingly to scanning and transmission electron micro-

sconv The Stereoscan microscope eoibles surface features to be seen clearly and geatly

#Iit; il;;i;;iion unJ ,.p.iution of species (p. l5o). Unfortunately, sp€cimens are

;i;;;-rrd;; ;"""um which'tenJi to shri;k and distort them' Infiltration with epoxv

...i" "f"* " t.ftti.. 
to this probiem (p' l5l)' The- transmission electron microscope has

["l"r"J trr"t nematodes poir"r, u ir'itherto undescribed valve mechanism (p' l5l)'
;d;gh';fu;6h;resis 'of soluble proteins in polvacrylamide gels is sometimes. a

it"N?"i'i""i i" sJparating o"."tod. ipecies' protiini from^bost plants sometimes in-

ii.J.* tft" protei; band patte-i Ji+fuv"o ti' l5l)' Our. facilities for advanced cin€

;il;;;;t;i"s."phy hdve ue"o t,'"n-itpiued (p' 151) and have $eatlv helped in

,ri.iri",itfirg if,-" meJhanics of srytet action when piercing egg shells and cell walls'

Popotation sMies. Several yean' work on the population dynamics of the potato cyst-

;;;t"d", which appears to haYe no effective enemies (publ' 8'13' p' 3l)' shows that

il;;; classicalii, i.e' in a manner predictable from-simple mathematical models'

it-"-."."ui 
"yrt-n".uiod", 

hor""""., *hich may have an effective enemy (p. 159) behaves

;;;;;;Hiy. ilh* long been known that iorn" tu*t of potato cvst-nematodes -and
oitiilt 

""r""i "y.t-nernatode 
ut" utt" to multiply on resistant cultivars whereas others

"i"'i",.-in" 
alpo.trn"nt is participating in. iniernational schemes to tyPe pop-ulations

.ii"tnii"ar "fi imatode and holdis unJer licence many cultures from abroad' Work on

ir"ii"l rnorphofocv and biology of these cultures continues (pp' 152' 158)' Attempts

ilHa;:iiil;"#it"L 
"r "8iutv 

t. overcome major gene resistance have procreeded

slowlv and more evidence tras acc'umulated in favorlr oi the gene-for-gene hypothesis

i,J"i{,i'it" *"* i. *rri"'i tr," two closely related species of potaro cyst-nematode

l'[.*1! i, t-t i'ii,ir" ,oi..t]ooo (p. 153)' tnformation on these topics is valuable to

nlant breeders and is basic to the rational use o[ resistant vanetles'

%;;,h-;;LnJrnu:ot gene for resistance (Hs) from Solanum tuberosum spp'

ilii""t iii"a by Dr. H. w' iioward, Plant Breeding Institlt€' confirms his findings

tr,"i"it-i. "rJ.f 
against the t*o n.itirn pathotypes_ (B and E) of Heterodera pallida

6. iil: #;;" ;iplcie, of roono cvst-;ematod; that occurs on the eastern seaboard

of the USA suggests lt ,, oot a pot"otiul threat to potato crops (p' 155)' To study this

t49
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and other r€lated species A. R. Stone was seconded to Virginia polytechnic Institute andState University for six months. For similar .."roo. unJiJi.o."t fo. .p""in" "r".i",of round cyst-nematodes, K. Evars was seconded to the International i.t t" C"rt.i,Lima, Peru. Preriminarv observations ."gg".t tt"i tln. "o.ioilst species in peru maybe H. pallida but more work is needed tJionflrm thi;";l;;;;.-ine the pathorypes.
_ An-alysis 

-of 
a long-term population 

"rp"rio,ent 
at t;;r_ ; ,rd", *t 1p ii;i:Results so far confrm tbat ioii fumigants'"*".t inrA"quui" !'opulation control euen onsandy soil where they perform best. Here a. pallida pettt 

"iip"'r f, *pliiii a. ,irii_cliezris. pathotype A in ptots where a varierj ,;ril;;i;-;il!;type A is grown coD_tinuously and, contrary ro expectation, tt e rai" of ,"fLcrJniir, if 
"oytniri irh"r" Aby fumigation. The effecrs on'nem"t*; e"e.rl1ri.. ,;;i;;-*iig ;sistant ana susceptibtevarieties alternaterv appear to depend 

_on which is praniea trii. eiroaa, earty tiiii'n! orearly potatoes is a recommended method of prevJnil;;;ffi" increase and rap.cropping is also somerimes advocated.. Both i,* rr"rgf,f"itn Jimcurties 1p. rsD]Ilartificial hatching agent efective in ttre taUoratory is-in?frecrirl ii"t" n"la.Populations of cereal cvst-nematode after ,.riit"rr urJir.oitiUt" our. were studied(p. r58). Auemprs ro stuiv the r.turiontlip il;;;,#;.;ffie and a condirion incerears known as 'scorch'in which prants seim to * aencieni inlo-pper were thwarted asthe condition failed to develop (.p. l58).
_.Bean straw is a potent source ofinoculum ofthe oat and giant races of stem nematode.The latter damages beans most and persists-for five yearsiJ'plr.iUfy longer after aninfested bean crop (p. r59). Heat treatment r" .a t. dirioig" i"iJtu,ion, from seed butaldicarb diminished the number of stems attacked.

NeDrticide Eirls. AttemDts to eliminate both potato cyst-nematode and yerticillium
dahliae which interact to damage potato cropj seuerely, revealea that the fungicideUenggfl 

is-Ln91ent and persistent nematostat, i.e. it prevens nematoae Iarvae invadingroots (p. 159). Most ofour work on nematicides is agiinsr"y.t-".utoo". u"cause theseare more diffcurt to kilr than other kinds and method-s effectiu" 
"luiort 

tt 
"- "re 

tite't-i Gbe more so against most non-cyst-forming .p*i;. i; i;;;;iip.o,o cyst-nematodes(p' 160) are used as moders bduse rh-ey are widespread and suitabry infested sites on arange of soil types are easily obtained. fiowever, thii year io-"iri"il u." oo ,ites infestedwith b€et (p. r62L pea (p. i62) and cerear cyst_;;;;i"A; o. i;ii:bne *ial was againststem nematode with onions as the test crop (p. 164). Earrier-work 'exprored th" p"t"iii"-ri-
[:fl,r?]l M*aots but this year-we concent.ated increasingly on granutar nematicidesapprreq rn spnng and Degan to exDlore the effects ofdifferent ways olincorporating them(p' 164) From all our fierd exneriments since 196g *" .or"i,ii.-tnut cyst-nematodescan be cootrolled and that the most convenient and most useful nematicides are theoxime carbamates. and some organop^ho.pt o-. 

"ompounar, "ii-oi 
*ni.f, 

"", t" "ppfi"aas granules in spring immediately before planting.

Microscopy and photography

s,'f{ce no4hology of mot-l€siotr nemrtodes. To find new characters for the separationofthe many closely allied species in this ubiquitous e;rr, ;"Ji; 
"b"r 

up obscurities
l^1,_lT]r"J by fight microscopy, 

-12 
species ot r*tyi^"n*i"re examined under thescanrxng etectron mrcroscope. In 

.face.view tbere_ are six papillae closely aOjoinin! andsurrounding the ovat mouth. The .face' includes the fused iip;;; il" n..t 6ay 
"ioJ",and may or may not be sub-divided..p. brachyarus, p. ii[*,i ,n*,*, p. loosi fid,

!. 1yg hgve plain, undivided .faces' whereas l" f. ,"gt;crii' ini'p. thorr.i the .face,
is divided inro subdorsal and subventral ,"g-"ot, ';;;"t;;-Uy t"t"rA ;g.;il.
150
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P. odinus, P.fallax, P, Peneto's, P ' Phguicoudatus aad P ' y/211 !a;e 
the 'face' sinilarly

divided. but the segments "t" 
aotl a"ngular' The scanning clectron microscopc also

il1,*hl",i*,";* il;e ; 6;;i[ies, e's' numuei of.head amules' crenation

H;;;ft;;"d-,h".t-.tur" or i'n" t"t"til n"td n'i tott 
"ariable 

and less rcliable than

prtviously realised. (Corbett and Clark)

Preprrsdon of nemstodB for the scuning electron ni'roscope' Preparation of nematodes

for scanning electroo .rcro,"opyllffi"uli' Water or other vo-latile substances must be

lilT u.ii"*-.Lii"i"a; *o u.i ir"""a io tn" vacuum chamber fo-r examination. Replace-

;ffi;"il;;;;v 
" 
i"* ,"r"d" iiq"ia t oot t'tit"tv *"o"sful but when nematodes

are slowly processed into acctone aid ionlttut"a with an epoxy resin' shrinkage and

distortion are avoided wrtn rarvae-and mala of Heterodera spp'' and with juveniles

and adults of Pratylenchus 
"pp' 

loa ipt"i"n'noides spp' After infiltration the resin is

partly polymerised 
"oo 

uoy "*o"iii 
*'^nta "*"y 

with acetone' Polymerisation of the

resin within tbe nematode ussu"si.-co.pl"ted on the-slecimen stub of the microscope

and sives hard, durable, "f.,o*J"-J!poimens 
which can be coated with metal for

exarination. (Stone and Clatk)

Unusel vrlve sEtctures in ite int6tin6 of nemrtodes No obvious lumen can be seen

in serial electron-microscope *"ti"". "i 
the closed oesophago-intestinal valve ol

Thomenema wickeni or or tue rectai-vJve-of Aphelenchoitles b.lastophthorus' Nevertheless

the intestines of adult 7r wrctenilontain orgaiic food materials ( Rothatnsted Report lor
';;;;,*;"rt-i, iiGll ,rnich musi have-pas'sed the oesophago-intestinal valYe' and the

rectal valve of l. btdstophthorus;;;s*iatti auaog otri er*ituot (Rothansted Report for
1s72- paft l. 351, publ. 8.26). i;-;;o;;f botf, valves, the opposing three.layer€d

Iiiiiri iriritr-"-rJ'.,'"i"'.r.*ri ;dp;;*d and sreatlv convoluted in the region joining

i#;H;ili";ilJi"i'""ri,"-t:n" !"ii"ururiia ririne or the oesophagus (r. wickmi'l

;, ,h";tli-i;. bustopltthorw\" l.Jinough uotn valve-s close tightly' tbev open under

pressure to allow the p*.ue" ;i u i;d volume of food or fieces' (seymour and

ShepherQ

Polyacrylamirte gel etec{rophorcsis Attempts to -establish 
whether the similarities and

differences between electrophot*i*tty deviloped protein pattems of the round cyst-

;;;il;;;a;te.,nm"a tjotir"iv uv lp""ia, pathotvpe' or population' or whether thev

#;?;,"d ;y;" proteins froJ t[e iost ptint on which thev fed' suggest that some

;i;.:;tr;'cr;Jt[i"i or **-"tJ"t siare the same pattems when grown on the

ffi;;;ii;.;: H. ^")i"*o' 
aliitoii"o*^' H' taba.,zll-ar.d' Fr' virsi'iae cultured on

;;;;;,;;;""" slightly different patterns when grown on other hosts' e'g' potato and

';.*;;;1,;;;;-;.;;{*.irrrir, ip"tf,"vp" A) is th-e same when grown ot s' dutcatnara

Ir "i 
t"..J, ftt tras a aistlncff iiferlnt pattern when grown on potato' 

-Host 
plants'

il";;;;;;; to influence irotein patierns of some nematodes' Before electro-

;il;;;il;ilJ as a reliablJ taiouoinic tool the host and otber conditions must be

iefined. (Greet and Firth)

Eacitities for arlvanced chePhotogrrPhy' Information on life processes in nematodes and

;il;;;;t;iims can ue SLiiiJ"a tv analvsins cin6 ind still photomicrographic

,*"iar i"i.fEi-ens must be shi;ited from vibiations which geatly impair the quality

i,iii'"-r,:n"i;i;;purc image. rre new photomicrographic column installed in the base-

;";;ith; B'"*i.o suitJing isi;gn& to carry i-'verted and erect nicroscopes and for

;1u;"tt;fi;t".1*.g."p-ny' rrti-"or"-o *tight 5000 kg 
"nd 

has a basal inertia block

il;;, i2r; tq"i" i.oir'i- iip, sunk 5 cn below floor level' Integral with the

151
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block is the main column of concrete carrying two optical benches mounted vertically.Under one of these stands a treary 
,micros:oie t bl"';ith L!-, pr*trg through spacesin a floor panel. This arrangement allows the operator to film'sdrimens without trans-miuing vibrations to them. ihe.uasai Li""k;;';ir;;iiil#rt. buirding by raisingit some 3 mm on four mounts inflared *itt ,i. ai ite/c;r. ivieo innateA the mountsautomatically compensate for variations in road distribu'tiln aoJ i<eep *,e optical benchesvertical. The mounts have a low natural frequeo"y luUori Z Ui) and provide efficientvibration damping 

-over 
a wide range of fr.qrlo"i.l uoa-"_rjiiri*.A raprd system lbr selectins and copying individual frames from cind film bas beenmade with hetp from the Instirment w6.tit opr. 

-loo;;;;;;"'

MThd: lf stylet rction. All .injurious plant_feeding nematodes possess mouthstylets which are organs used for- pieriing plant cells -d;^;;ii;g sap. They may alsobe used,to pier3 th9 egg shell during t""t'"f,ru 
""a 

t. 
"ri'u-p"in 

,n.ougn cells whenDe^m.atodes are invading root or stem structure-s. previous ,iuii". tp. 342, publicationE.2l) conctrned the freouencv and.djrection 
"f 

,i"t ;;;;il during hatching andfeeding. To simurate the disiribution 
"f rt.; l;';iy;it'u''iti",o"ruui. method wasused. Large-scale models of slices of stylet bases and iip. *.* Iri"frr. perspex, a stress_bircfringent material. Each model wai pfr."J U.i*l.iirorr.alofu.oiO. and its imageprojected on a screen. where the material is stressed, douute rerra'ciion is inouced and thetwo emerging light rays vibrate 

-perpendicuu.ry to'eacn Lirrei,l-n the directions of thetwo principal stresses in the mod;l t.o-pr..rir! u"J t"*ii.j. it'u, point. in the moderwher.e the-two principal stresses lie para,;t ro ihe ;;;;iu*.1'.iili" p.r"-ids, dark lines(isoc.linics) appear. on a bright image of tbe moder'. a. ir" *ttiig. of the poraroid axesare known, the principar stress direcrions ut poirt" 
"ionii"i-i'iiior" "ro 

be drawn on
:l: p-jT,:9 image or superimpor.o.pr,otogrup*Lrif. Ey ioli"iie',n. ..ossed poraroidsrelauve to the moder, a set of isocriniis is o-btained uno rio, tnlri .t ess trajectories ared,wn'-one set shows the directions of compressiv" rt 

"*.r-"r?itr" .ther the directionsof tensile stresses.
In a model based on Heterodera Uuciferae, the stylet was stressed by an axial thruston the shaft to simulate resisrance to piercing 

"rd 
til;r." ;;;-batanced by artificial

:ll*j1,Tl-L:^:lliieo tape wbich w€r-e gruea i; tre rnobs aiineLse ortue stylet. Fromrnrs moqer sress lrnes were mapped. It has been observed that stylets b€nd *Len nema_todes explore surfaces and also during feeding. Chanles 
-in 

ti" *..r. pattem werem3pped-whe1 bending forces were appriid to trrJ moJeil-o to"g'ur ioou."a stresses arewithin.the elastic range of the mar;ral from which tn" moO.i i. .uAe, the principal
stress directions found for plastic models .eem to portiay1."ui"t.tyif,o." in ,ery differentmalenah, e.g. steel girder, mammal.ian femur and p.oiuUy Jo io for the substaDc€ ofwhich nematode stylets are made. (Seymour)

pathotpes aud popolations

fnheritance of ability to overcome resist,me. previously we suggested that ability toovercome resistance followed the prin-ciple establishea fo. mi"i33.ganisms, fungi 
-and

::::j.TT.j^1.;-rhat dominant genes toi resistance in in" f,"rf ""* usualy matched byrecessrye genes rn races able to overcome that resistance. This is the basis of the genlfor sene hypotbesis (person, C. (1968) t", ru j;;;.- ii.'C. i.'ainswortn A a. S.Sussman, London: Academic press,. Vol. III, 395_415). Unfortunately the evidenceadduced earlier (Jones & parrott,..Annats.of Apptkd i;"i;;-ii;65), 56, 27_36) wasindecisive and has since been invatidated ui tr,i hrJi,g-il?i riii" u." t*o species ofpotato cyst-nematode that do not interbreed lreely. Howiver, within botn spoiispait o-
152
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TABI.T 1

Behaviour of the h and Fz Progeny of bulk $osses betwem H. rostochiensis 
'n|is'pathotype A od a population from Bolivit

Number of farDales produced od potatoe with Senc Hr

Number
observed espcct€d

o
25
25

1m

obscrved
Numb.r %
obs€rved observedMating9d

A x Bolivia
Bolivia x A
Bolivia x Bolivia

6l
lll 221 ..r43 28 J"504 100

4r02380m7029t3 100 100

types have been identified which do interbreed, so the hypothesis can be applied to them'

Gstyear (Rothamsted Report fot 1972,Part l, 16l) we reported on bulk crosses between

pathotypei witnin H. rosiochiensis which suggested that the individuals able to multiply
on nv6iia potatoes with the major gene H1 for rcsistance were recessives. These tests

have contiiued with the results shown in Table I which tend to confirm the suggestion

more strongly than b€fore. Tests have also begun on the interrelationships belween

British pathoiypes B and E of H. pallida which can be distinguished by gene Hz derived

from Silanum-multidissectum. Pathotype B is unable to reproduce on hybrid potato
plants with this gene but pathotype E can do so. The behaviour of Fr crosses on plants

with gene He also suggesttthat pathotype E contains recessive genes able to overcome this

resistince but more iests are needed in Fr and Fz. All crosses reproduc.ed equally well on
plants with gene Hr. It was holrd that these crosses would show whether the white

colour of paihotype E females was recessive to the cream of pathotype B females but
colour diferences were too slight to be readily distinguished'

Further knowledge about the inheritance of ability to overcome resistanc€ and about

the interrelations oipathotypes would be helpful to plant breeders and in forecasting the

effect of repeated cuitivation of resistant Yarieties. A mathematical model already made
(Jones, Parrott & R oss, Annals of Applied Biologv (1967) 60,151-171) was used to Predict
events-in populations where individuals interbreed freely. Predictions from the model

suggest th;t selection of recessives able to oYercome resistance would be slow' Unfortu-
naiJly the principal pathotypes in the UK (pathotype A of H. roslochienrr, pathotype

fof n. paiia4 io not interb;eed freely and plants with gcne Hr select mixed populations

rapidly in favour of pathotype E (Rothamsted Report for 1972, Part l, 161). (Parrott

and Berry)

Competition between pathotlTes. Little is kno\tn about the ways in which the two species

of potato cyst-nematodes compete but females of both sp€cies attract each other's males

(Gieen & blumb, Nematologica (1970), 16, 3946). When 1L rostochiensis females are

mated with males ol IL pallida few females produce eggs and these contain fewer eggs

than when the females are mated with their own males (Rolhamsted Report for 1969,

Part l, 185). To study competition between males, those of 1L rostochiensis and H'
pallida' populations were placed together on females of H. rostochiensis- The nurnber of
ie,nut., *tth eggs and the numbei of eggs per female rvere similar to those obtained

when the femaiii were mated with their own males (Table 2) but 10-201 ofthe females

had at least some larvae wilh H. paltida type stylets. The perc€ntage seemed to depend

on th" p.opottion of H. rosrochiinsis to H. paltida males and- when the ratio was I : 3
it 

" [.*iug" *u. similar to that obtained whet only H. pallida males were used. This

suggJs *rat"A. pallda males compete successfully with H' rostochiensis males for those

t53
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TABIT 2
Results of nathg H. rostochiensis /emales with dilFercnt numbers of nales ojf H. rosto-

chicnsis and H. pallida

H. rostochiensis H. pallido
% fefi^lcs
with eggs

Numbcr of eggs
p€r female
with egSs

% femalcs s,ith
larvae bavhg

H. pallida ttF
styl€ts

96
97
93
70

0
67
@a
25

0
0
2
6
6

0
2
6
2
0

v
l0
l9
2t

.I'ong H. tot ochi.nsis sglcts arc somctim6 difrculr to distinguish froItr short H. polttula $ylct8

H. tostochiensis females with which they are able to mate successfully. So, inability to
producc large numbers of ofspring probably ariscs after mating and fertilisation.
(Panott and Berry)

Tcsts of plents with reslstrmc gene lft. Gene Hs (Howard, Cole & Fuller, Euphytica
(197q, f9, 2lG-2lQ which confers resistance to pathotypes B and E of IL pallilh was
tested against four E and three B populations (Table 3). The inoculum of hatched lanae

TIBLE 3

Nunber offemales ofH. pal]lida on hybrid potatoeE with resistace gene Htfrom Solanum
tuberosum rrp. andigeaa comparcd with suscepthle Arra Botner

A'aDBam€r "o8oYP-g:T'"Populations (3 Eplica(es) I no. oo itrran Ilanncr
Pathotyp. E

JeEey 256 5Cadishcad 316 9Bridford 308 9Frahpton 339 5
Pathotype B

Glarr)'ford 84 ltBallyloughan 89 lsDumioniog 63 I f

for B populations was about half that of E populations, I 500 compared with 3000 larvae/
pot. The results suggest that resistance is less complete than thai conferred by gene Hi
to H. rostochiansis pathotype A and that B populations may contain more individuals
able to overcome it. Although there were differences between the four hybrids used in
the test, they were slight. (Course and Matthews)

Selection of D[tch pathotypes of potsto cyst-nemrtod€s on resista potsto6. Some
Dutch populations tested in 1970 (Ro thamsted Report for tg7\,pan I;152), which did
not multiply as well on Maris Piper (with resistant gene H, or p55/7 (gene H2) as on
the susceptible potato Arran Banner, were raised on these varieties foi a further two
generations.

When raised on Maris Piper, population C3 (Heterodera rostochiensis, Dutch patho_
type C) and a, Bolivian population produced as many females on Maris piper'as on
Arran Banner by the third generation (Table 4). population A99O must have b&n a mix_
!y*..f_I. rostochiensis and H. pallda for the second generation reproduced lCfll on
Maris Piper compared with Arran Banner and containid only H. paltida, None of the
other pathotype A populations produced enough larvae to iest pioperly and may be

154
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TAI[.8 
'Percentage of females formed on Mois Plper (with gene Hrfor rcslstorce) ad P5517 (with

gene H2) in successbe Seneralions
AIratr B.ntrct=lm

% numbcr of feoalcs
ford oE r!3iltad hoot

23
Mqris Pip€r, teuc HrPoDulation

Bolivia
.Al00o l
AIflX I

AI(BT Iclrc3 ICAI
A990 -

l0
2
2
?

2t
IM

37
100

65
3
4
I,

u
2t
27

384,lm
17E95
t2 36 50
448381
E 26 ..-
llm
43 50
6 13 65

A1087
Dlml l
DlMs I
Dr048 I

Dro57 !
Dlml I

Dlo68 |
Dto77 )

SpEicc
It. tottochidlJir

E- rosrocfu.Nit

Spccic mixtutE

E. rottochi.rrsk

E. pllido

50
a
?
I
?

t6
l(x)

P55/7 grDc H.

' P.efr denot6 Dutch pathotyp6

" Not t6tcd

similar to British pathotype A which do not increase their ability to overcome the
resistance conferred by gene Hl when r€peatedly grorrn on Maris Piper' This ability did
iucreasc in populations Cl and C4 which may be similar to that found in Bolivia and C3.

When grown repeatedly on P55/7, population A1087 (IL tostochiensb) rcached lN%
reproduction on this variety by the third generation and the fl' pallida popdations,
although not reaching 1001, progressively increased their rcproduction on P55/7.
(Parrott and Berry)

to the potato cyst-nematodes are known from the eastern seaboard of the USA. These
nematodes also attack solanaceous plants and one at least (H. solanacearum) is able to
reproduce to a limited extent on potatoes in glasshouse tests (Stone, Nematobgica
(1973), 18, 591-606); L. I. Miller, unpublished). Two field trials were made in the
Virginia Piedmont area where the nematode reproduces on tobacco and solanaceous

weeds. At one site, three varieties of potato susceptible to H. rostochiensis and H. pallida
were planted and at the other, another variety with resistance derived from gene H1.
When plants were examined 80 days later no females were found on the roots and no
active males were recovered from the rhizosphere. Whether larvae or males were present

earlier is unknown but none was present at this time. Potato yields were not decreased

but after the resistant potato variety was harvested, a nematodesusc€ptible tobacco
variety grew poorly and had large numbers of all stages of H. soloaacearum in its roots
6l days after planting. Evidently these two field populations of this nematode do not
reproduce effectively on potatoes, but whether the progeny of the few females formed on
potuto". in pot tests could be selected to enhance this ability is unknown. Selection of
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comparable females of H. rostochiensr pathotype A on resistant potatoes with gene Hr
has so far been unsuccessful. (Stone with Dr. L. I. Millea Yirginia Polytechnic Institute
and State University, USA)

Some results of a loDg:t€m popolstioD experiment In a field trial at Wobum on light
sandy soil, on part of the old irrigation experiment, resistant and susceptible potatoes
were gr'own continuously on some plots and altemately on others. Some plots werE
irrigated and some fumigated. The trial occupied two sites one of which (Serics D had
prcviously grown potatoes every three years and the other (Series IY) had grown only
grass or lucerne in the previous 15 years. Series I was moderately infested with Il.
rostochiensis pathotype A all over but Series IV had a slight and patchy infestation.
Pathotype tests suggested that both sites probably had a trivial infestation of H. patlida
pathotype E initially. On Series I, in plots that grew Maris Piper (with resistance getre H1)
continuously, nematode numbers declined at first but showed a tendency to incrase
after five or six years. On Series IV in similar plots numbers mostly remained small for
four or five years. However, in a few plots H. pallida pathotype E b€gan to multiply
strongly and, after six or seven years, some plots are now heavily infested.

On Series IV, the small residual population of H. rostochiensis had little effect on the
yield of susceptible potatoes, variety PeDtland Dell, in the first year they were grown.
By the second year, however, numbers had increased enough to halve the yield and, in
subsequent years, nematode numbers and yields werc similar to those on Series I,
although in these and other plots the Series IV site produced yields somewhat greater
than those from Series I, presumably because the soil structurc and fertility had been
improved by many years in grass and luceme.

On plots that $ew the resistant and susceptible potato variety alternately, the balance
between 1L rostochiensis pathotype A and 1L pallida pathotyp E depended on which
variety was planted first. Where the alternation b€gan with Maris Piper numbers of
eggs/8 soil did not decrease as might have been expected when this resistant variety was
grown. From this behaviour it is inferred that H. pallida was increasing in both varieties.
Where the altemation began with Pentland Dell, numbers fell sharply when Maris Piper
vr'as grown the next year. Subsequently numbers oscillated upwards. The difference was
possibly because the large numbers of H. rostochiensis, generated in the first year when
Pentland Dell was grown, competed strongly with H. pallida even in the roots of Maris
Piper where 1L rostochiensis females could not complete their development. It is possible
that the many males of .Ff. rostochiensis that would be produced also competed for
H. pallida females (see p. 153).

TABLE 5
Infuence of season, site a d irrigation on potato yields in a bng-term experiment at Wobum

tSeasoml
difercnces,
'l rlc€5n

+17
-29+9
+4

-14+18
-5

-.. Seasonal diferences measured by cootinuous resistant Maris
Piper which suffered only sliEhr nematode anack

t PeotlaDd Crown gown in 1972 over the whole site of Series I

AdvaDtaSc of
seri€s fV over

series I,
t/ha

+ I1.83
+ tl.48
+4.57
+ 3.49
+ 3.84
+0.98
n.a.

S€ries I S€ries IV

-6-02 -6.7X+4.75 +3.24
-0.60 +t.21+4.04 +5.93+5-52 +4.82+5.47 + 6.50+lO-24 + 5.80

Efrects of irrigation,
l,/ha

Year
1966
1967
1968
1969
1970
t97l

11972
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The efrects of season, sitc and irrigation on potato yields are summarised in Table 5'

er tu" yi"iat of continuous Maris frper in Series Iv sufrered littl€ from nematodes in

;il ;;, .tr;;.ih"v measure tne etrects of season. In most )€ars the effec-ts of irrigation

i,. 
"rJi-ii,"iJ 

trilni uJ irrigation had no effects on soil populations or the numbers of
;;;;i";;di.; ;;ots, prou-abtv because these were determined before irrigation was

^oofiJ n .oi" y"ao ih"r" was an interaction between irrigation and fumigaLion. In

;fi#;; in" i.illg"ti., delaved senescence and the active plants probablv b€nefited

ir". iiJitir""f wate-r to the exient that thcir yields werc improved by 5-7 t/ha whereas

vields of unfumigated and heavily infested plants were unchanged'
" \,ii,h'r;;;i'.6'[ effecs removed, the infuence of nematodes on tie yields of tbe

,ur""rtibl" variety on unfumigated plos are being analysed' A difrculty in doing th9

;;1';'ili;;6c pr"s mti. beciuse fumigation preCerves eggs that are moribund'

a.tt"mots to .itl-"ti kill by counts of larvai invading roots were not successful but
:ilil;E[i i"-,h. nrst tnree veals appqlrs to have killed 70-751 and- dazomet in

,-n" *,trllft v1* ao+s7. ri.t" is iiiue doutt, however, that as can be predicted

i[- p.pJ"t-.i curves, th& rates of kill have resulted in peak post harvest numbers'

rnJ."gi*ti"" tnat iur"igatioo might delay the development of. H' pallida in plots

ofaotJ**itn Maris Piperlas impliJd in Dutch regulations for the control of potato

!.lr"."i.a"llt ,.i do-i out in practice. In fumigated continuous Maris Piper plots

i'r";lid" 
""4;: 

ir unytt lng, to bi more abundani than in unfumigated' ln fact the

id^rii* ii n. piuta"'in fuirigated ploa of Maris piper mirrots that of H. tostochiensis

in fumigated plo-ts of Pentland Dell. (Jones, Parrott and Berry)

Eff€cts of trpcmppitrg anrt an artifcial httching rgptrL In Lonpead, Woburn, in

orau ctav soij. trao-cr6pping was attempted by planting many small potato tubers and

iiil;; i#; -"fta 
ai* 'rii. ;erot" Iarvai that iratcned ano invaded root svstems, could

I""ir?p i"t" "a* females. This decreased the number of eggs in cysts to 34 Z.-of- those

p**ri 
"ti$"ffv, 

*hereas in bare fallow the number decreased to 72/" only (Table 6)'

TABI,E 6

Efect oI trup-cropping and of the artificial hatching agent picr.olonic acid on the nunber of
Potato cYsl-nematode eggs in soil

Eges/g soil
after

tleatmeDt

183
l5l
86

tl49

217
175ta
109

' Ee85/8 soil b€fore treetmcDt: 255
t 8 weeks too long' possibly sorne new eggs proouceo

Lifting after four and eight weeks was less effective' After eigbt weeks some females had

,r".rir-btu oroduced esssind at four weeks hatch and invasion were probably incomplete'

il".oiooi" u.ia, ao efitive artificial hatching agent ir virro (Clarke and Shephcrd' ?farure

il,.iOOl, Zff, S+61 *"s ineffective in field soil at any ofthe three rates tried, either alone or

*n".i"-ti*d t"ith traPcropping. (Whitehead, Tite, Fraser and Frcnch)
157

Treatloent

Bare fallow
Potato6 grown for 4 rv€eks
Potato€s grown for 6 weeks
Potato€s grown for 8 w€eks

Picrolonic acid 8'6 kg/ha
Picrolodic acid l7'2 kgi ha
Pirolodc acid 34'4 kg/ha

Potatoes grown for 4 weeks then
piqrolonic acid l7'2 kg/ha

% DuDber of
isgs/g soil

beforc tr€ato€ot'
72
59'l
34 l5o
5sJ

85'l
69 173
64)

43
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Pololrtion chengcs in resistrnt end soscepdible o.ts, On a site where wheat was grown in
1972, numbers of I/. avenae eggs increa*rrl. most in plots planted with spring-sown wheat
and-spring-sown winter wheat. In autumn-sown winrci wheat plots the increase was
smaller and the yields of oats grown on the plots in 1973 were iarger in consequence.
This is contrary to the view usually hcld that winter-sown c€reals are more eftcient hosts
of H. avenae than spring sown ones. The residues of previous formalin treatmeDts applied
to the plots had little efect but the effects of resistant and susceptible oats grown i; I 923
wcre marked (fable 7). Following autumn-sown wintcr wh&t, the number of eggs

TABLE 7
YieA of Mts otd H. avenare populations in 1973 following wheat crcps in lg72

Prc-cr3op numbcts, cgSs/& 1'5

Post.crop, cgSs/9, 1973
Graio, 85 % DM k&/ha

1.6 5.0 6.0 ll.9 11.9

1.6 15.6 2.42.24 2.14 1.74
2..5 4.3 23.9ln l.67 1.67

remained the same after the resistant oat selection but incr€ased ten-fold after susceptible
Penjarth. Following spring-sown winter wheat, numbers decreased from 6.0 t o 2.4 iggslg
under the resistant selection but incr€ased four-fold after peniarth. Following spring-sown
spring wheat, numbers fell from ll.9 to 4.3 eggs/g under resistant oats, 

-whereis 
they

doubled under the susceptible variety. The rate o1divelopment of IL avense was slower
in roots of resistant oats and whereas l4l of larvae became fourth-stagp females in
susc€ptible oats less than l/o reached this stage in resistant. AIso, twice aJmany larvae
became fourth-stage males (25 against I I l). (Williams and Beane)

'Scorch', copper, nematicides rnd cercsl clst-mmatod€s" Following severe .scorch' in
1972 (4orlwnsted Repo for 1972, Part t, 170) the plots afected wirc again studied in
1973. The effects of Cu++ and of nematicides applied in l97l arrd 1972 varied. Copper
oxychloride was applied as a foliar spray to Kleiber spring wheat (sown on 15 M;ch
I 973). on 3 I May * 1.12 and, 2.24 kglha Cu++. Severe 6ro*ning of iop leaves followed,
especially at the highest rate but the plants soon recovered. Unfortunately, the large
amount of nitrogen applied (74O kglha, .Nitro-Chalk 25'), intended to increase the
sererity of 'scorch' in 1973, also encouraged a severe mildew attack. The beneficial
effects ofaldicarb in l97l and 1972 could be seen clearly whereas the copper applied had
no obvious effect. These observations werc confrmed by the yields of grain. 

-dnly 
aldi-

carb applied cumulatively decreased post-harvest numbers'of H. aienae. Numbers
following formalin were increased. All other treatments (dazomet, residual and cumula-
tive; aldicarb, residual; formalin, residuat) were similar to untreated. Regrettably .scorch'
did not appear which emphasises again the difficulty of working on the cause of these
symptoms. (Williams and Beane, with Bolton, Chemistry Department)

II. awnae p*hotyp investigatioas Populations of pathotype A and C (race I and 2)
from England and Denmark were studied to see if thiy difer in respects other than their
abilities to form females on Drost Barley. No diferences in morphology or in protein
band patterns were found, which suggests they belong to the sime species. istone,
Course, Williams and Beane)

I58

Oat varicties, 1973

winter whcat
(Autuon 1971)
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A fcgus rttrcfdng fcmd6 of tr3 cerc.t cystffrtode" Fcmales of H. avenae fuom

cxperiiental plots of the Weed Rcsearch Organisation, Bcgbroke, Oxfordshire, con-

taincd spores bf an unknown fungus. The sitc typifies many wh9ry, despite continuous
croooinc v/ith cer€sls. numbcrs if H. avenoe eggs rarely exceed l0-20/g soil. Infecrcd

fe-"t"s-h"r" unthickened and oftm disrupted cuticles and contain a mass of hyphae

and spores. Reccntly afected females contain large branching hyphae which eventually
produce many thick:waled resting spores. Attempts to produce- conidia and to germinate
^."stiog .pot"i har" so far failed' No asexual spores have been obtained and without them

identiication is impossible but the fungus appean to belong to the genus E lomoPhthora'

two species of whiih have previously been recorded fron cylts of H-. schachtii.

Ai tarvae and young fimales, in or on roots, are free from the fungus, infection

appeaF to occur shortly after females rupturc the root cortex--during May and June'

ILe fungus has also been found in IL cvenoe at Bridgpts' Exp€rimental Husbandry

farm anld at Rothamsted but Dot so far at Woburn. In samples, the proportion of
females infcsted ranges from O lo 63%,, with a mean r,ile of l0% but it is not known

how many of the females ultimately b€come infested in a given field. III as seems possible'

this is thi unknown enemy that conttols H. aveaae populations where cereals are grown

frequently (Rotha nsted Riport for 1967, 143), it is the only knowtr example of control
of i cysi-nematode by a naturally occurring pathogen' A fungus attacking females

b€forc they produce many eggs is more likely to prevent population increase than
nematode-trapping fungi that kill larvae beforc they enter roots. These usually remove

individuals surptui to tne carrying capacity ofthe roots' so diminishing competition for
fe€ding sites but not $eatly iniuencing egg production. (Kerry)

Stem n€mrtode on fetd berDs. Field Plots were inoculated in the autumn with field bean

straw (3.1 ot 6'2 tlhl\ infested \vith either the oat racc or giant rac€ of Ditylenchus

dipsaci. The two application rates, the smaller of which is equivalent to an average

straw yield, had littie effect on the number of stems subsequently infested (81 % for both
rates of oat racs, lbl for both rates of giant race, most untreated plots remained

uninfested). The smaller rate of inoculation with the oat race did not afect grain yield

but the larger rate decreas€d yield by 251, with 3 % of the seed being infested. ,The
smaller ratJ of inoculation by the giant race decreased yield by 50% a;nd 631 of the
seeds were infested. The larger rate decreased yield by 581 and 67 /' of the seed was

infested. The trial confirms that the giant race is more injurious and more likely to
produce infested seed than the oat race.

At Rothamsted in 1913,83\ of bean plants were infested in plots that grew beans

infested with the oat race in 1972, znd 20/o were infested with the giant rac€ in Plots
that were infested in 1970. Observations over eight years itrdicate that stem nematodes

readily survive in soil under non-host crops for up to five and possibly for seven years.

(Hooper and Walker)' 
Infisted bean seed is an important means of dispersing and re-establishing populations

of both racts of stem nematode but attempts to eradicate them from infested seed by
hot air treatment were unsuccessful. Nematodes survived in seeds treated for four days

at 60'C, or for I h at 80"C. Both treatments reduced seed germination, Aldicarb
decreased the number of stems of var. Maris Bead infested by a seed'borne source of
the giant race of D- dipsaci (see p. 246). (Hooper and Walker, with Cockbain, Plant

Pathology Department)

Trials witi nematicides

Hetercdera rostochi/,rrsis ad Yertbillium dat liae iaterslcti'or6' In the third successive

potato crop after applying chemicals to the soil in 1971, the variety Pentland Dell
159

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-130 pp 13

ROTHAMSTED REPORT FOR 1973, PART I

plalted in plots that had been treated with benomyl or aldicarb plus benomyl, yielded
l_2.7 afi 16.7 t/ha whereas untreated crops yielded only 2.2,- aldicarb-treatia :.f,
dazomet-treated 1.8 and methyl bromide-treated 1.2 tlba. On the plots that received
benomyl growth was best and plants lived longest, also fewer Heteiodera rostochiensis
larvae invaded the roots and the numben of eggs remaining in the soil after harvcst werc
significantly fewer. Evidently residues of benomyl persist longest and its main breakdown
product was found in soil samples taken in August 1973, 29 months alter application (see
also p. 147). (Corbett, with Hide, plant pathology Departmen! and Auitin, Chemical
Liasison Unit)

Another e4reriment on heavily infested land suggpsts that benomyl, or its breakdown
product MBC, does not inhibit hatching of eggs, but prevents larvae from invading
potato roots as long as it is present in the soil. This contrasts with methyl bromide which
kills eggs within cysts, prevents them hatching and preserves them until after harvest
wtren they are indistinguishable from those that are viable. The same problem (i.e. that of
distinguishing viable from dead or moribund larvae within eggs, arises when other soil
fumigants are applied (see p. 157). (Corben, with Miss Jane Burnell-Higgs, Bath
University)

Potrto cyst-DeEltod€s

OD tomato. At Morecamb€, Lancs., in a heated glasshouse on a peaty sandy loam,
H. pallida WthotyrE E was controlled on tomatoes by treating the soil in autumn with
methyl bromide, dazomet with 'Di-Trapex CP' QO% methylisothiocyan ate; 65/.
dichloropropene; l5l chloropicrin), dazomet with .Telone' (dichloropropene mixture)
and in spring with 'Du Pont 1410' (.!-methyl-t-(dimethylcarbamoy[l{-[(methyl-
carbamoyl)oxylthioformimidate). Plots treated with methyl bromide, dazomet or
'Di-Trapex CP'were covered with polythene sheeting to prevent the gases escaping
rapidly into the air. After methyl bromide the tomato plants grew vigorously but fruited
late. After'Du Pont 1410'alone the plants grew less well and yielded less fruit than in
fumigated soil. Dazomet alone did not control the nematode, whether the soil was
covered with polythene sheeting or not, and the dust formulation was no more effective
than prill. In an adjacent, unheated glasshouse in similar soil, yields were less than in
the heated glasshouse and all treatments controlled potato cyst-nematodes. Here dazomet
was less effective when the soil was 'sealed' with water than with polythene.

TAELE t
Efect of 'Du Pont l4l0', benomyl and'Dowco 275' on yield of potatoes var. pentland

Crown in sandy loam heavily infested with potato cyst-nematode
Yield of tubeN

Amount a,i. over 3.8 cm diam.(k8/ha) (Vha)
o 7.t3.0 25.6.*.6.0 27.6...12.O 27.lar*

12.2
8.5

12.7

ll.4*
16.9*.
18.8*..

TIeatment
Uoreated
'Du Pont l4l0'

bedomyl

'Dowca 275'

5.6
lt.2
22.4
2.9
5.8

11.6

r60

., 't, '.. Sigificantly morc than untreated at 5%,ly.,O.lri probability, resp€ctivcly
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Oi potato. On Great Hill, Woburn Experimental Farm, in sandy loam heavily in-
fested with 1L rosrocirerrsit pathotype A the yield of susceptible Pentland Crown potatoes
was greatly increased by 'Du-Pont l4l0' or 'Dowco 275' (O,Odiethyl O-(6fluoro'2-
pyridyl) phosphorothioate) but not by benonyl (Iable 8).

The eflect of 63 pesticides on potato cyst-nematode (H, rostochiensis pathotype A)
was assessed by growing tomato plants (var. Moneymaker) in pots of infested, sandy
loam and scoring the roots for females some six or seven weeks later, when they were

abundant on the roots of plants grown in untrcated soil. Of28 organophosphorus com-
pounds incorporated in air-dried soil at 10 ppm, six entirely prevented the development
of females on the roots (phoxim, 'Dursban', for which the name chlorpyrifos is being
adopted, cyanthoate,'CGA 12223', pirimiphos-methyl and azinPhos-ethyl) and two
prevented the formation of all but a few (coumaphos and fonophos). Most ofthe effective
compounds were diethyl phosphorothioates or diethyl phosphates and most of the
ineffective ones were dimethyl phosphorothioates or dimethyl phosphates. Of 22 isothio-
cyanates tested, allyl, ethyl, carbethoxy- and five aryl isothiocyanates were effectiYe at 100

ppm ofair-dried soil, but most were phytotoic. At l0 Ppm the nematodes were controlled
by 2-ethylpyrid ylisothiocyanate. Two oximecarbamates (methomyl and 'Du Pont 1410')
were effective at l0 ppm and two more were not ('Talcord', for which the name thio-
carboxime is being adopted, and'Du Pont 1642). No females were observed on the roots
of tomato plants grown in pots of soil treated at l0 ppm with benomyl or thiabendazole.

An experiment to control 11. rostochiensis pathotype A, by a combination of nemati-
cides, crop rotation and a resistant potato variety (Maris Piper) was started in 1972 on
sandy loam in Stackyard Field, Wobum Experimental Farm. The rotations are (a) resis-
tant potatoes, sugar beet, barley, susceptible potatoes and (b) suscePtible potatoes,
sugar beet, barley, susceptible potatoes. As in 1972 nematode numbers were controlled
in 1973 by Maris Piper potatoes, 'Du Pont l4l0', and large amounts of dazomet in-
corporated in the topsoil, half before and half after ploughing and by a combined treat-
ment of dazomet and'Telone' applied after ploughing in October 1972 (Table 9). In
this experiment and in others there are difficulties in calculating increase rates especially
after fumigants which tend to preserve moribund eggs. The increase rates for these
treatments are therefore smaller than is shown in Table 9.

TABLE 9

Yield of two potalo varieties and increase of potaro crsl-nemalode in soil trcated with
diferent amounts of ,hree nematicides

Maris Piper Pentland Crown

Untreated
dazomet (2)
daz omet (2)
dazomet (2)
daz omet (2)
'Telone' (l )
dazomet (1) and
'Telone' (l )
'Du Pont l4l0' (S.)
'Du Pont l4l0'(S.)
aod 'TeloDe' (l)

Tubers over
3'8 cm diam.

Increase C/ha) Increase
x 0.6 l9-2 x 6.9
x 1.0 42.6r.. xl.z
xl-2 42.4.r' x 1.4
x 1.0 40.5*.r x 1.5
><1.2 46-7." xl.z
x 1.5 36.6*.. x2.2

38.8*.* x 0.832.5... x 0.6

37.2'.' x 0.4
37-4

(l) aDplied after ploughing; (2) half befole, half after ploughitrg; (S.) iDcorporated in topsoil io sprinS
itf,st before Dotatoes olalted.' ., i.' Siiifcartli mor€ thao untI€ated ar 5y., o'l yo prcbabiltty, rcspectively.

TleatmeDt
Amount a.i.

(ks/ha)
0

224
316
448
612
448
224
2U

5.6
5.6

224

Tubars over
3.8 cm diam.

(t/ha)

22-9
35.1*..
40.6:.r
41.5.r.
43.2...
38.51r.

36.7...
30.4'

x 1.0
x 0.4

zl0'9*" x0 5
Mean 36.6
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Beet cy*aenatoda At M€pal, Isle of Ely, good crops of sugar bcet wcrc grown in
peaty clay, heavily infested with b€€t cyst-nematode (H. schachtii) in which aldicarb,
'Du Pont l4l0' or 'Dowco 275' had been incorporated just before the beet was sown. The
best treatment was aldicarb, which left the soil less infested with nematodes after harvest
than before sowing (fable l0). Population control was evidently good enough to prevent

TATI.E IO

Yield of ngar beet od increase of beet qst-nematode in soil teated with direrent amoo s
of three nemaicides

Sugar
(t/1la)

3.4

7.5...
6.2...
7-V..
7-01..

3.3
3.8
6-2...

t" SiSnificatrdy grcatC thau ultrEatld at Ol % probqbility.

large increases by the second (autumn) geoeration of the nematode, but whether such a
generation occurred in the dry autumn of 1973 is unknown.

Pe. qyst- enltode. In 1972 we showed that p€a cyst-nematode (H. goettitrgiana) c!,uld
be controlled by incorporating smsll amounts of non-phytotoxic nematicides in the
seedbed before sowing. Two further experiments were made in 1973, one on s€verely
infested clay loam near Spalding, Lincs,, the other on moderately infested sandy clay
near Ipswich, Sufolk. On the clay loam soil the yield of peas was greatly increased by all
treatments and the soil was left less infesrcd by the nematode after harvest than before

TIALE II
Yiclds of fresh peas ad iacrease of pea cyst-nematode h two soik treated with diferent

TEatrDGot

Untrjeat€d

ddicarb

'Du Poot l4l0'

'Docrco 27t

Amoult a,i.
Gs/ba)

o

2.7
5.3

to.7

3.0
5.9

ll.9
2-9
5.8

ll.6

IDc(rasc of bect
cyst-MBtodQ

xl'0
x l.O
x O'8
x0.5

x !.3
x l.E
x 1.5

x 0.7
x2.l
x 1.3

4'0
6.1'.
5.8.

3.1
4.0
4.2

anounls of three nemdicide s
Clay loqrD, Spqlding Saldy clay, Ipcwbh

TrlatoaDt
UEtrcat d

8tdi;8rb

'Du Poot l4l0'

'Dosrco 275'

AEoutrt s.i
Gs/ha)

o

2.8
5.5

ll.2
2-8
5.5

ll-2

Frcah pcas
C/ha)
3.2

9.5...
I1.3...
l l,l..*

8.3...
t 1.9..r

6.2...
E. t...
9.0...

IDC&asc

x 0.9

x 0.5
xo.7
x 0.5

x 0.9
x 0.7
x 0.5

x0.6
x 0.5
x 0.4

Fash pcas(t/ha) Ilct€asc
4'O x 2.0

4.3 x 1.46.I'. x 1.0
6.6.. x 1.0

2-8
5.6

11.2

x 1.0
x 1.5
x 0.5

x 1.7
x O.E
x 0.7

t62

., .., ... Simifcantly Dorc thrn rtrtsratcd at 57", ,%,O.l% ptotE,b ity, rcspccrivdy.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-130 pp 16

NEMATOLOGY DEPARTMENT

sowing (Table I l). On the sandy clay soil aldicarb and 'Du Pont l4l0' incrcased the yield
of peas and controlled the nematode. In this cxperiment herbicide applied to control
couch grass stunted the pea plants and reduced the yicld of peas. (Whitehead, Tite,
Finch, Fraser, Frcnch and Wright)

CJrcd cysa{emrtode. In mid-March, on a chalk downland sitc at the Animal Disesses
Research Institute, Compton, Berks., plots were treated with aldicarb, 'Du Pont l4l0' and
'Dowm 275' aod sown with spring barley immediately afterwards. Early and mid season
growth differences between treatments were large. Yields (Iable 12) were disappointing
despite liberal applications of farmyard manure in 1968 and 1971, partty because of
severe lodging from summer storms.

TABLE 12

Spring ba ey yields and H. *enae popularion changes, Compton, Berks,, 1973

Amount a-i.
(lq/h8)

U !.ared 0

Beforc Aft..plaotins harvest
2t l8

Gr.in 85 % DM
(t/ha)

2.X2

1.44
2.55
3.t1

2.76
2.89
3.t5

2.42
2.64
2.95

Plots treated with nematicides, especially aldicarb, yielded appreciably better than
untreated ones. The largest yields were 50f more than untreated coupled with sub-
stantially decreased H, averue populations after harvest. Egg numbers in untreated
plots decreased slighdy from 24 eggs/g to l8/g. This age€s },ith the finding of members
ofthe Agricultural Development and Advisory Service that on downland sites, popula-
tions of 20 egigs/g or morc are seldom maintained. (Whitchead, Williams and Beane)

TAALE 13

Yields of rcsistat (R) ad susceptible (S) spriag oats, Compa son between plots with otd
vithout H. avente before treatment and with or t)ithout aldicafi

aldicarb 2'O 22 6
5.6 21 6

lo.2 m 2

'Du Pont l4l0' 2'4 21 6
4.8 23 5
9.6m3

'Dowco 275' 2'4 m 7
4.8205
9.6m3

No aldicarb
10.9 egSs/g

Graio
(t/ha)

3'63
4.28
4.52

Yi{rd
6-76
6.18
7.62

Post<op
(csF/c)

0.0
0.0
0'o

aldicarb
9.2 eglF/g b€fore treatGnt

N€lson (R)
Mo6tyo (S)
w 16840 (R)

NelsoD (R)
Mostyn (S)
W 158,() (R)

Post-qop
(es$/s)

2.5
t0.8
0.5

Grain
(ra8)
6-23
6'31
6.97

Yicld
7.08
5.27
7.41

Post{op
(esF/s)

1.1
1.3
0.3

H. ownae (eggslg)

No H. aeenaa No H, overrae
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When the Cereals Disease Refercnce Plots (Series ID wer€ terminated in 1972, the plots
s,er€ split and sown with thc susceptible oat variety Mostyn and two r€sistant ones,
Nelson and a Weibull's selection ex. Rothwell Plant Breeders (No. W. 168zlo). Half the
area under each variety was treated with aldicarb immediately before planting on
l4 March 1973. Eggs of H. ayenu? were numerous in four of the 12 plots only and f& or
undetectable in the remainder.

The relative performance of the three oat varieties is summarised in Table 13. When
H. avenae was controlled by aldicarb, Nelson s[ghtly outyielded Mostyn, otherwise it
yielded less. Althoug[ Nelson is resistant in the sense that H, ovenae does not multiply
in it, it is evidently sensitive to lawae invading its roots. W. 16820 yielded best witb- or
without aldicarb although its yield was depressed when large numbers of H. avenae
invaded its roots. The leld loss seems solely due to FL avenae, which is effectively
controlled by aldicarb, as the yields in the plots without I/. ayenae and in those treated
vrith aldicarb are similar. Yields in untreated plots with H. ayenae were 601 smaller.
Both resistant varieties efectively decreased the numbers of H. avenae after harvest
while Mostyn did no more than maintain them. Clvilliams and Beane)

SteD mmrtod€. In Great Field, Rothamsted, in clay soil, aldicarb applied in the seed
furrow at sowing time protected onions (var. Robusta) from injury by the oat race ol
stem nematodes (Ditylenchus dipsaci). Treated rows yielded more than 48 t/ha of healthy
onions compared with untreated rows which yielded only about 2 t/ha. This was on laDd
which had grown a crop of beans (ZlciafabaL-) in 1971, which had been badly infested
with stem nematode, followed .in 1972 by winter wheat. (Whitehead, Tite and Finch)

Effect of nemadcide dishibutiotr on potrto cyst-nematode conEol. Granules of 'Du Pont
1410', uniformly distdbuted throughout the soil at planting at a rate equiyalent to 1.68
kg/ha incorporated to a depth of 15 cm in the field, reduced root invasion ofpot-grown
potato plants by 971. When the uniformity of the granule distribution was decreased
artificially by packing treated and untreated soil into regular patterns, more larvae
invaded the roots. Surface treatment decreased invasion by only 457". Results with the
nematicide 'Nemacur', for which the name fenamiphos is being adopted, were less
decisive and the best treatment, thorough mixing, reduced invasion by no more than 601.

Except for the surface treatment which gave poor control, all other distributions of
'Du Pont l4l0' granules controlled the nematode almost equally as well as did uniform
admixture. The poorer distrjbutions of 'Nemacur' granules were less effective but they
were only a little worse than treatments with 'Du Pont l4l0'. These diferences are
attributed to the more polar nature of 'Du Pont l4l0' which allows it to redistribute
itselfmore rapidly in the soil by diffusion and leaching than does 'Nemacur'. (Bromilow,
with Tucker, Bath University)

Incorlnration of nematicide gfanules in soil by rotsvstion. The distribution of non-
fumigant nematicides formulated as granules was studied in a fen peat soil at the Arthur
Rickwood Experimental Husbandry Farm. Granules containing known amounts of
'Dowco 275'were spread unilormly on the soil surface and incorporated by one or two
passes with a tractor-mounted rotavator set at diflerent depths. Subsequently the con-
centrations ofthe chemical in sections of cores were determined by gas-liquid chromato-
gaphy. Shallow rotavation distributed the granules reasonably well to a depth of l0 cm
and deep rotavation to a depth of 2V25 cm. A second pass of the rotavator had littte
effect on depth or uniformity of incorporation.

After planting potatoes and ridging to a height of about 25 cm the granules in the
shallow rotavated plots were distributed to 15 and 5 cm below the ridges and furrows
1&
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resp€ctively, and there was about eight times as much chemical in corcs from the centres
of ridges as from the furrows. In the deep rotavated plots, there was only one and a half
times as much material in the ridges as in the furrows and the granules were distributed
to 30 cm below the ridge and 15 cm below the furrow.

The soil at this site was lightly infested (19 eggs/g soil) and the King Edward potatoes
planted grew well and yielded a heavy crop even on untreated plots, but the effects of
treatments on nematde increase differed greatly (fable I4). Aldicarb placed in the seed

TABIT T4

Efect of three nematicides applied to thc soil in diferent ways at planting time on increase
of potato cyst-nematode in peaty loam soil

TrcatEcnt
Untr€ated
Urlueated

aldicarb
aldicarb
aldi b
aldbarb
aldicarb
aldicarb

'Du Pont l4l0'
'Du PoDt 1410'
'Du Pont 1410'
'Du Pont 1410'

'Do1{co 275'
'Dowco 275'
'Dowco 275'
'Do'tco 275'

Amount a.i.
G&rhr)

o
o

3.3
3.3
6.5
6-5
3.4
5.6

5-9
5.9
5.9
5.9

5.8
5.8
5.8
5'8

Method of
itrcorporation

Rotavated l0 cm deep
Rotavated lO cm deep

Rotavated 25 cm de.p
Rotavatcd 25 cm deep
Rotav.ted 25 cm deep
Rotavated 25 cm d.cD
In seed furow
ID s€ed furrow

Rotavat€d l0 cm de.p
Rotavated l0 cm d€ep
Roiavated 25 cm d€ep
Rotavated 25 cm de.p

Rotavaled l0 cm deelr
Rotavat€d l0 cm deep
Rotavated 25 cm deep
Rotavated 25 cm deep

Timcs Nernatode
rotavated irctease

x69

x6
x6
x2
xl

\.79
x57

x3
><2

xll
x8

x19
x39
x49

Otrcc
T$ice

Ooce
Twice
Oncety

Once
Twice
ODce
Twic€

Once
Twice
Once
Twice

furrows had no efect on the number of nematodes left in the soil after the crop had been
harvested, but aldicarb incorporated deeply before planting restricted or prevented
increase. Shallow rotavation, which concentrated 'Du Pont l4l0' or 'Dowco 275' in the
top 10 cm of soil controlled the nematode better to 20 cm depth than deep rotavation.
Nematode control was not improved by rotavating the soil twice.

These results show that the efficiency of granular nematicides applied to the soil at
planting time is greatly affected by the way in which they are applied and incorporated
and that chemical analysis is an accurate guide to the degree of nematode control to be
expected. (Whitehead, Tite, Fraser and Frcnch, with Brornilow and Lord, Chemical
Liaison Unit and Mr J. Smith, Arthur Rickwood Experimental Husbandry Farm)

O&er work
Work on the characterisation of cyst-nematode hatching factors and on the energy
sources of quiescent larvae continued. (Clarke and Hennessy)

Hexab)lus vr'ulparus reproduced readily on hyphae of the fungus Botrltis cinerea.
Reproduction is parthenogenetic as cultures can be established from single juveniles:
males did not occur. At 22'C eggs hatched in two days and the generation time was about
eight days. The optimum temp€rature for the reproduction of DiUlenchus destructor, t
bisexual species, on the same fungus was 25'C. At tlfs temperature eggs hatched in five
to seven days and the generation time was 19-20 days. Neither nematode reproduced
below lO"C or above 30'C. (Hooper and Walker)

The earliest symptoms of the root rot that damages field beans at Rothamsted wer€
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rcproduced by inoculating beans with Pratylenchus piltguicandatus in sterile cultur€.
(Corbett ond webb)

Strff rnd vbitiry rorten
Dr. A, Gomcz-Barcina, Yice-Director of the Estacion Experimental 'La Mayora',
Malaga, Spain, and Professor J. P, Hollis, Louisiana State University, Baton Rouge,
Louisiana, USA, worked in thc Department during the year. A-mong others, bdef visits
were paid by Professor T. Masamune, Sapporo, Jalmn, Dr. U. Wyss, Hannover, Germany
and Dr. K. Wright, University of Toronto, Canada, at pr€s€nt on sabbatical leave at
Lceds University. A. R. Stone went to the Yirginia Polytechic Institute and State
University, Blacksburg, Yirginia, USA, for six months on a NATO grant and K. Evans
went to the Intemational Potato CJntre, Lima, Peru, also for six months on funds
provided by the Crntre. In September F. G. W. Jones, A. R. Stone and D. C. M. Corbett
attended the 2nd International Congress of Plant Pathology held in Minneapolis,
Minnesota, USA. F. G. W. Jones also visited the Department of Plant Pathology, Univer-
sity of Missouri, Columbia, and D. C. M. Corbett visircd several other centres of
nematological research in the United States and Canada. June Edwards, Katherine Pike,
Annelise Kempton and J. Burton left and [:ura Burgess, Jean Firth, D. Crump and
B. R. Kerry joined the staff during the year. Jane Burnell-Higgs, Judith Connor, J.
Warrack, and G. J. King worked in the Department as Sandwich students. In June the
Department \vas host to a Workshop on the identification of Longidorus, Parulongidorus
and Xiphincma (w p. 341, publication 8.ll) sponsored by the Nematology Group of the
Association of Applied Biologists. It was organised by D. C. M. Corbett and D. J.
Hooper and was attended by ,lO participants.
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