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Arttropod PcS Denege to Sugrr Beet h l.rot hd ud Wrks, f9{r_74

R. A. DTJNNING

hductior
T!9 logd:of of lrst demage to sugar beet in England and Wales was frst survcycd,with the herp.of other Advisory Entomorogists, uiy petneruriag" aod staolev 093$.rney recorded general intbrmation on_thc incidence of damage by many pe.t, U,jt
::filrl^!l^bti*beln.anlid (Aphis-fabae,scop.;, cutwormi lig,otk "na'Ei;.oippj,pygmy Deeue (Atomaria /tzearrs, 

.Step_h), 9eet flea beeue (Chactocnema concitii,Marsh), wireworms (Agtiotes spp.y, miXdpedes (Bla utus gutiulans, Bosc. and other
specrcs) and beet cyst eelworm (Ileterodera scluclli Schmidt). With the exccption of
:lty:rT: these 

_are 
still among our 'lajor pest problems. From 1936 to fS+0, ietheF

:111"_:ll*!1, the sugar-beer pest investigations from the School of Agriculture,Lambndge, maklng annual reports to.a Mi{stry of Agdcultute and Fisheries, SugarBeet Research and Education committee. For'the fiit har Jthis aaaae anniaicomments were made on the general incidence 6f fts main pests but tte wori tateiconc€ntrated on what were then tbe most damaging pests, b€ei cyst eelworD and blackaphid. Nimtine fumigation to control black aphi<l ia's iotioauo*i oo 
" 

*mmerciar scalern ry4{r; torecasts were made of the probability of attack, based on overwintering eggpopu.lations. and records keot of the,arauat iot&t"tioo f""if <jo"* A nrr"io i,1niZi.*
.r:il?|"?,1._G^:Y:lo-1T-I"ti31r"d a systcm that ensured regutar monrhry reports byroe rrnush sugar corporation Factory Agdlnlturists on demrge by all pesti otier ttai
trli!^hi^d:l*lh,major n:odifcations inl95z, it has conti"oJio in" pice"t ti-;. Th;rncloeDce ot crop damage by the 32 vertebrate and invertcbrate pests bf hown signif-
T1: lp recorded month by month and season by season to'undersrand bettei therquons tor epldemrcs, to monitor thc appearance of any new pest problems (nhe ha;;
}*^ryq1f_:t ro the prcscnt time,'aithorsh ,oni ;;;J t. ih" **t"yl,--a iogrve a guroe to pnontres rn rescarch work-

Su.g.ar beet sutrers from a plethora ofp€sts, many of them minor ones and nost varyingconsiderably in the d?mage they ause f.9e yo. to y.*. notn*i".- fo, -UJti"Estandardised data on the incidence ofpests had io te trarislatcd inio *n"t *". po"ti".tfEfor the fieldstaff of the British Sugar torporation
I hrs pap€r records some of the data collected for pcst damage other than that due tovertebrates atrd nematodes, discusscs tne varylng dlJtributioo o?a"rrg" uoO thc differ-

ences in incidence within and between ."asor., ta suggcsts ,oso;.

Melto.ls
The crop- damagc reporting scheme,. as organised through thc British Sugar Corporation,
lf:1-:l.I:-."bitiry of the fietdsaff Io recognise t[" pot 

--alo. 
iireir a,iage,-d

rors eno, annuat short courses were given at Cambridge an4 over a period of four -years,
all fieldmen attended. Courses have-been continued ii .oJ i*r. ui to the prescnt, thcprinary object being to teach new staff and rerre* on stifin tie rccognition of pcstsand diseascs and their damage.

From 1947 to 1956 BSC FaAorv Agriculturists made a montbly rcport on tbe estimzt€dincidence of pcst damage to tni su--gar-be€i;;6,il ;*sil&ber inclusive. Thc

t7t
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standlrd form had columns to r€cord Damc of PGst, dates and localities (usuaUy parish)
of drmrge, acreage lost due to p€st damage (whether 'ploughed-uP' and resowr to sugar
bcet or other crop, or left bare, was trot recorded), and acreage damaged severely,

moderately, or sligbtly; these lattcr categories were not defled strictly and the reportrr
used his judgement, the subjectiveness of which is enlargod on below'

Thc quality of recording was improved from 1957 onwards by supplying printed forms
on which all pests wcre listed, by obtaining montbly reports from each fieldman (150 in
1957 but decreased gradn.tly until only 90 in 1974) rather than a single one from each

of thc 17 sugar factories, and by categorising three different degrees of crop damage

other tban complete crop failure, viz.: scverc Qoss of yield likely), moderate (damage

extensive" but loss of yield unlikely) and slight (damaged plants occuring in 6oP, but
no effect on yield).

Each fieldman'is responsible today for c' 20fl)-5000 acres (810-2020 ha)' depending

on the distribution ofthe contract-8rown crops, but from 1947 to 1965 for only about half
this acreage; he knows thc soils and crop problems of his area wcll' The fieldmen's best
gstimats e;c[ a61th of the diff€,rcnt catcgories of pest damage is a subjective but practical

record, thc shortcomings of which arc discussed later'
Thc raw data is converted into an annual index. A 'month-acre' is defined as one acre

damaged duriog onc month. The annual 'month-acre' index is derived from the formula:

. acres severely damagpd , acres moderately damaged
Aclls IaIGo f ----l) 

- 
- -- --l00-

, acres slightly damagcdI lflx)

and is rcfcrrcd to in thc tert aB thc D'rn'ge Indcx (Aptril-SQtcmbcr for 1947-56 but
April-Iuly for 1957 -1 4).

'nccausi Oe rccords 
-arc 

for m.ny ycar:, thc minor pests are omittcd from the tables

aod fgules, brief rtfcrencc bcing madc to them only in the t€rL

R€sltc

Commol namcs (ftomeq, Janson & Aitken, 1968; Jones & Dunning, 1972) are used

throughout tne teit, teing tne names uscd on thc field record forms. In the following
cascs more tlan one specicc is involved:

Capeid bugs-Ixo ioris pobulilus 0) atd CalocorE ruwegictts (Gmel.) but from 1956

oni,ards 1*hco da-uge first identified) also Lygus rugilip€n tis PoPE.

CUafcr drbs----usually Melolontha melolonha (L.) but occasiontlly Amphimallon

sobtttialb (L.)
Cutsorms-l87orrs sa3:etrmr (Schitr) el,Ld Euxoa nigricots (L.)
Mil€pedes-;inly ilotiutus cltttutaw @osc') and Brachydesmus superus l-alz' brtt
scveral olher species can be involved
Summer caterpillan-mai nly Plusia ga mn (L.) arld Lacadobia oleracea (L')
Wireworms-73rzo tes lineatus (L.), A. obscurus (L) ar.d A. sputator (L')

1947-55. Acrcs damagcd annually by the nine mrior arthropod pests are recorded in
Appcndix Table I . Damagc by minor Pests, ov€r th€ ten-year period was, in total : chafer

girit.-l 
"cro 

failed, 10 acies severtly damaged, 88 acr€s- mo-d€ratelv damaqed 3n9
i553 

""ro 
slightly damagcd: capsid bugs{)' 2560, 10 385' 76 651: sand wer'til-4,9,

96, 154: sunfoer cat€rpillars-{, O, 2285, 29 smt tortoise bectl6--4, 13, 9, 22919:
dv rustic moth catcriillar{), Q l8 and 649. Damage by bibionid larvac, carwig'

r€d spidcr-mitc aad slugp was negligiblg thc lattcr causing sti8ht damagc

tT2
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only in 1951, 1954 and 1956; no dqrnege was reprorted due to the following pests that have
caused damage in subsequent years--diamond-back moth and tortrir moth caterpillars,
symphylids and thrips.

The incidence of damage in each of the months April-Septembcr is plotted for six
p€sts to illustraG the variety in time and s€verity of attack (Fig. l). The histogram for
cutworms appea.rs anomalous but this is becauseltwo species are involved, of which
A. segeturn isthe @mmonest; it caus€s mainly minor damage in late summer and lutumn
but more severc damage the following spring as the caterpillar matures. Capsid bugs
and summer caterpillars causc some damage in August and September, and black aphids
much more, especially in Augu51. yfulully all crop loss, and all damage by other p€sts
considered in this paper, occurs in April to July.

Fig. 2 illustrates the distribution in England andlWales of cases of significant damage
(i.e. crop failurc or moderate to severe damage) by four pests in the period 1920-56, chosen
bouse their more recent distribution cannot bc shown; two (summer caterpillars
and sand weevil) are still fairly comnon pests in certain localities but are no longer
reportcd on regularly, especially because damage after the end of July is not recorded,
snd two (chafer grubs and beet carrion beetle) are now rare pests. Sand weevil damage is
by far the most localised of the distributions illustmted in Fig. 2; records since 1957 of
severe damage, some of it crop failure, have been entirely confined to the Brecklands in
the Bury St Edmunds factory area, but sand weevil damage has been reported occasion-
ally also on sandy soils in the CaDtley, Kidderminster and King's Lynn arcas (sec
Fig. 3j for location of sugar factories and area covered). Damage by chafer gnrbs was
scattered, but mainly in east Norfolk; thcy are now rarc pests, reported only from the
lattcr area- Beet carrion beetlc has not been known 16,lamrge treet for many years but

t73
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(a) Beet cardon bo.dc (b) Chafer Srubo

(c) Sand weevil (d) Suorct calerpillaB

Fro. 2a-d. Distrih,utioo of sit€s of sieri66Dt da.daSe (cf,op failue or modcratc to sev€re dsmaep) by
laDcd pcste,Ireportld in Ministry of rffdq tuc tlcolds l92O-55, aDd by SugBr Factor!, A8rkx turbls
t*t-56

t74
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DAMAGE TO SUGAR BEET IN ENGLAND AND WALES, 1947-74

formerly was widespread, especially in north and east Norfolk. Summer caterpillars that
defoliate crops in July, August and September caused, and still do cause, most damage
in thc peat fen regiols. The distribution of damage by the other pests is not illustrated;
it paralleled the intensity of sugar-beet growing, but wireworm damage was especially
prevalent in the Bury St. Edmunds area and pygmy beetle in the peat and silt fen regions.

For seven of thc pests for which the acreage damaged is recorded in Appendix Table l,
an average annual damage index has been calculated for the ten-year period and is
shown in Fig. 4 together with that for slugs; long term changes in pesistatus can be
compared (see below).

l9fl-74 From 1957 onwards, to decrease the work load on the BSC staff, rccording
was discontinued of any damage occuring in August and September; most damage oi
significance occurs in the period April to July, and pest damage incidence not shown in
Fig. 1 all occurs then. As a result of this change the damage recorded for black aphid,
cutworms and capsid bugs is slightly less than actually occurred and is, therefore, not
directly comparable witl that for the previous decade; for summer caterpillars the data
is very much less and is not presented below

Appendix Table 2 gives the acres damaged annually from April to July by the nine
major pests in this l8-year period, seven of the pests the same as in the decade 1947-56,
with two new ones, slugs and symphylids, replacing beet carriotr beetle and cutworms
which are relegated to the group of minor pests. Total damage recorded due to the
minor pests from 1957 to 1974 was: beet carrion beetle--4 acres failed, l0 acres severely
damaged, 59 acres moderately damaged, and 363t acres slightly damaged (none oi
signfficance after 1965): capsid bugs--{, 3178,26$7,294435: chafer grubs-9, 33,
78, 1245 (all in period 1957-{5): cutworms-87, 52, 2485,9435: rosy rustii moth cater-
pillar--O, 24, 170,7095 (much more damage occurred in the Cupar area of Scotland):
sand.weevil-72, t06, 159, 7310: thrips-{, 83, 372, 805 (only in 1957, 1962 and 1970):
tortrix moth caterpillars--{, 712, 1156,80 002 (damage occurred in most years but was
especially prevalent in 1959).

The intensity of damage by the nine major pests in the period 1968-?3 is shown for
each sugar factor area in Fig. 3a-i. The average annual damage index 1rr factory has
been corrected for the varying areas of sugar beet grown there over thi period (iango
14 600 acres in the Nottingham area to 43 200 in the Bury St. Edmunds area-Fig. 3j
shows the acres of sugar beet per factory area in 1970 and ideatifies each area). The
annual damage index for eight of these pests over the period 1957 to 1974, in cnmlnrison
with the average fot lW-56, is given in Fig. 4a-h.

Wirewomr damage h 1957-:74 (Fig.4a) was very considerably less than in the previous
decade, occurring mainly in the Felsted and Nottingham areas and being virtually absent
from the peat and silt fen regions (Fig. 3a). Symphylid damage to sugar-beet 

'scedling

19ots was first recognised in 1965 and the amount reported seems to be increasina
(Appendix Table 2); it occurs mainly in regions with silty soils but several area" r.port
no damage (Fig. 3i). Millepede damage is least prevalent in the south and east of East
Anglia @g. 3b), but overall seems to be increasing in importance (Fig. 4b). trather-
jacket damage was very largely confined to the two west Midland factory areas (Fig. 3c),
and was especially prevalent in 1968 and 1969 (Fig. rlc). Slug damage was particulady
prevalent in 196G69 but was virtually unlnown before 1958 (Fig. ,ld); most damage
occurs in the west Midland areas (Fig. 3d).

Wilh the exception of 1971, best flea b€etle damage has also declined (Fig. ,le), most
that occurred being in the Ipswich, Newark, Nottingham and Peterboro"gh fictory areas
(Frg. 3e). $gmy beetle damage fluctuated very considerably from year to year but in-
crEased on average (Fig. 4f), aad was most prevalent in the factory areas around the

t75
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(a) wLeworms O) Millepcdes

(c) I-€atherjackea (d) Slugs

Frc. 3a-d. Distribution of p€sf darDaSc betwEco the 17 sugar factory clop areas, The area of the cirrlc
is relativc to the rDeao annual 'EloDth-a.rr iDdex' (sec text) for 1968-73, after corEctioo for the varyiag
acGaSEs of suSar beet erow! in thE ditrGGat factory aress (ic. Fig. 3j).
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(e) B€et flca beetle

AND WALES, 1947-74

(f) PySmy beetle

IN ENGLAND

k

(g, l,urcK ap d. G) ncd kaf min€(

" 
*f,h*tB""HSoHSi*effiYIHe(5 11$.trff83ffitr,#,"ffi ?[*ffi

"!ry-"q of suSar bet grow! itr tbc diffcrtot factoiiircar'fscc Fil.lil- -- -
w'ItrJ-53:".Yffi if .*,tr'l'ff ffi;'#ffi gfff*gt"i,*"ffi dthatr".a'ars

ln

G) Black aphid'
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(i) Symphylids (j) Su8ar bcet factory area3

Frlr 3i- Distribution of svmDhvlid damagc bctwccE the l? sugat factory crop areas. The area of the
.i.iiii"-l"titi"e-io ttt; r6€a; aimilal 'mo6tfi-acrc indei' (see tcrt) for 1968-73, rffer correctiotr for thc
rraryioi areas of sugar bect itr thc diffire-Dt factory arBs.'ir^-ri aa* ofqrroer treet erown in thc 1? surir factorv areas iD 1970. 1. AllscoG 2. Bardn€t',3. Bri88:'

l-Ii--tt. -iaiiu'"iGli. 
can-tley,6. Elv, 7. Falstcd, 8.'IFwich, g..Kidde.miDster, lo. Kilg's-LvDn,

ii "Li.i;i.-lz ftni"ebao, trl iqeterbi,ioush, 14. Spaldiros, 15: wissiDgloD, 16. (aod l7). York (and

SelbyFtbcse latEr two factory areas recenlly arnalgatruted.

Wash (Fig. 30. Black aphid damage also fluctuated considerably, being altemat€ly hiSh

and low until 1970 (Fig.4g-{ata trot showr for 1966 and 1967 b€cause no reports

made in July of those years); on average damage has been less in the last seven years

(average annual damage index 900) than in the decade 1947 to 1965 (average 3200)' It
t"* ui i.port"ot pest in aU factory areas, especially King's Lynn, Nottingbam and

Wissinglon (Fig. 3g). Damage by beet leaf miner was most prcvalent in 1947-56' and

has bCome much less prevalent since 1963 and 1964 @ig- 4h); most damagc occurs in
thc York area (Fig' 3h).

Other pests weri of very minor importance. Diamond-back m=qt! caterpilar damags

was prevalent on sugar b€et in the eastern factory areas in July 1958 (5MO acres damaged

slishilv). oresumablv due to an invasion from Scandinavia or Russia, but has not b€en

oiortld Lfor. or after. Bibionid larvae, earthworms' earwig, tortoise beedes, leaf-

hdooers and red spider mite occasionally caused slight damage. Springtails were also

r"po.t"a ^ minoi pess but current research is showing that they are of g,eater

importance.
Dls.trsdon

Petherbridge reported on his visit to th€ beet-gosring areas of Europe in 1934 (Pether'

bridge & Stirrup, 193)'sugar beet has been grown on the Continent for nearly a century

aad-a considerible number of pets arrd diseascs have already appeared in the crop'

several of them havc bccome so serious ihst intensive rcsearch work has becn carried

ouf.
t78
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Frc. ,la-b. Mear damaSe i[dex 1947-j6 aDd

57 59 6t 0s 65 67 60 7' ?3 s?50at63s56?seii?3
aDtrual damage ind€x 1957-74.

5?s08ta3650,ae?t?3

602t

r? 58 !t 63 e5 0? a9 ?t 7r
FIG. 4o-d. Mean d'6.8e ioder 1947-56 ard sonual d8oagc itrdcx 1957_?4.
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In Eneland and Wales several of fte pests rccogDised on sugar bcet in the 1920s and
1930s were well known as p€sts of margolds in the l9th century (Cutis, 1860; Ormerod,
1890), However, only about 200 000 acr€s 6l mangolds were grown in the 1930s, fairly
uniformly distributed throughout the lowland rcgions. In contrast, sugar b€et, introduced
in 1920, was concentrated almost exclusively in East Angli4 Lincolnshire, Nottingham-
shire, Yorkshire and the West Midlands, aad the area grown insreased rapidly (viz.
16 000 acres in 1923; 55 000 in 1925; 223 000 in 1927 and 396 000 in 1934). Because of
this drastic incrcase concern was felt that, sooner or later, existing pest problcm$ might
increase and new otres appear. Sugar-bcet acreage dcclincd to 306 000 in 1937 but in-
greased egrin soon aftcr aad fluctuated only little around 400 000 acres from 1942-63;
in the last decade thc crop area bas increase4 and in 1974 was about 465 000 acr€s.
Bickmore and Shaw (1963) illustrated the distribution of sugar beet in 1955, aad Fig. 3j
does so for 1970. Mangold crop distribution was fairly uniform throughout a[ arabl;
areas in 1955 (Coppock, 1964); acreage was at a pea.k of 300 490 in l9zl4 but then
declinod to 160 000 in 1956, 38 000 in 1966, and is now very small.

The pest danage survey methods adopted since 1947 wer-e the most practicable for thc
BSC fieldstaff but the results have some shortcominss, Withil-season and between-
season data for a particular pest fairly aclurately reflect the extent of damage caused,
and this can be influenced by factors such as stage of crop and weather condition and
not neccsarily only by p€st numbers; this is an intentional r€sutt of the method of
reporting. Comparisons bets€cn p6ts may, however, be unrcliable because ofthe widely
differing nature of their d"'h,gq e.g. a rcadily visible leaf-feeding pest such as beet leaf
miner comlnred with a hiddcn soil-inlabifing lEst such as th€ witeworm that feeds only
ol r-oots. Yery many acres are inevitably rqrcrted d"mnged moderately or slightly by
the former 1rs! whereas most ofthe minor damage by wircwonn goes unnoticed. 

'

Difierences h distrlbudoNr of IEst dnnrgc. The most ht€nsive beet gro*ing arca in 1955
was the Isle of Ely @ickmore & Shaw, 1963) aod probably it still is. Such inteosive beet
growing has grcatly increased the incidence of b€et cyst celworm (Jones ft lunnilg,
1972) but not of any inscct pest damage, with the possible erceptions of summer catei-
pillars (Fig. 2d) and pypy beetle (Fig. 3Q. The former arc non-ipecific minor p€sts, but
the_latter is a major pest specific to Beta sW. among crop plants. The only other major
and sp€cific pests are beet flea b€€tle and beet leaf miner; the distribution maps indicatc
that damage by these two pests is less prevalent in the most intensive beet growing areas.
The latter three species atl migrate aonually in spring from the previous to the iurrent
year's crols and the distribution of their rtamege might have been erpected to bc
influenced by the intensity of cropping.

Other factors such as the soil and soil moisture influence distribution. Sand weevil
damage is entirely confined to the sandiest ofsoilsr and chafer grub damage to light soils;
black aphid damage is nore generally distributed but is most s€vere on the light soils.
SIug damsgs is most prevalent in the wetter, west Midland arcas, and leatherjacket
damage is almost entirely confined there. Damage by the beet leaf miner, formerly
comrnon throughout the b€ot growing areas and particularly prevalent in 1954 and l95j
@uming, 1956, 1961) is now least damagng in East Anglia; it is suspected that the
widespread use of aphicidal sprays each 5lear in thiq region may be preventing damage
appearing and/or overwintering populations building up.

Annurl fluctuetioDs in crop dsmage 8 l long t€rm clenges in pcst strtus. Each major
pest shows very considcrable variation from year to year in the amount of damage cauied
(Fig. 4a-n); the same seems true of thc minor pcsts but the data gathered on them is
less reliable and only cpidemic ycars ate considercd. The pcsts' sp€cificity to &ra spp.

l8l
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varics considcrably, as do thcir lifd.cycles. Most of the non-specific p€sts atc moro or lcss
pcrmanently resident in the field (e.9 symphylids, millepedes), or are there as the result
of eggs being laid in the previous crop (e.9 leatherjackets, some cutworms). Spcifc pcsts,
in contrast, migrate each year from the old to the new beet fields.

The fluctuations in incidence of damage are not surprising because they lot only
involve the well-known fluctuation in numbers of arable crop insect pests but also the
seasonal variations in crop growth stage and vigour. An understanding ofall the mecha-
nisms involved, so that prediction catr be attempted, needs more prccise data, That
available on pygmy b€etle for instance suggests a correlation of exteNive damage (Fig. 4)
with a dry autumn previously, not with fine weather permitting eady migration of beetles
as rnight have been expected (G. W. Hust, itu /rr). Such an indication provides a neces-
sary basis for study, and more spocific data is being gathered currently for pygmy beetle
and millepedes.

The severity of damage by wirewonns, treet leaf mine1, 6s€t flea beetle and black aphid
has declined, probably due to the use of insecticides-prophylactic seed treatment for the
former, but only spraying when damage threatens for the latter three. Damage by other
soil-inhabiting pests, especially millepedes and symphylids, appears to be increasing; it is
impossible to determine how much this is due to increased awareness, and how much to
the dramatic changes in agronomy of the crop, especially wide spacing of monogerm
seed and extensive use of herbicides, that have recently occurred (Hull & laggard,197l).
Such changes are implicated in the increased damage to the crop by some birds (Dunning,
1974) and they raise the fear thai s€cdling p€st drmage by ins€cts will also increase
(Dunning 1971).
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APPENDD( TABLE T
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APPENDIX TABLE 2.--.oothucd
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