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I • IN1'RO.~.iU·.: .PION 

AnotAPl a ova.oico Uis (! 1ei·) i s widespr ad in the "aandveld." areas 

ot Southern R' odeoia. In oompaey with lfelolonthid. ttncl other Hutolid 

spooiaa it eonotitutes a serious ~roblom to tobacco grQ~rers ctnoe 

"th$ l arwo ("whi togrubs1
i o.r 1'me.nure-\lorma'*) which live in the soiL 

att ack tobaooo plr.nts. The study of the behaviour c£ whitogrubs &nd 

the adult uom.ter bet tl•ut• halil, therefore, o.n economic i m.vort uce, a.nd 

oultural metbod.G, \Thioh avoio. a.ttack b.Y theoe 1nsoQta, can be devised 

once thel r behaviour is underatavd. 

At the Trel Qwne¥ ot~tion of 'he Tobacco Rovet~oh Board of Southern 

Rhodo::;i~, whe.ro the follon~ v1orx. wee carriet~ out• A• opaeicoll ia 

was tounu to )o tho preuor.inant DNeoies or whitogrub. Bohav .our 

~xpori~ente ere therefore conuacted on this apQoics, but when other 

Rutelid ayooieG wore inoll. . .;<l~~d in .J vcrimentl9, they uit. not axhLbit 

any m~jor ~ifferenoea in the behaviour patterne. 

II. J.:!JlE/ 



II. Lili .. lU .. iTOR't 



Kitchell (1946, a) ~ioe~ the fuots known about whitearubs in 

Southern Rhouaeia in 1946• No ''ork &p,Peare to have been }IU'blishod. on 

tboir behaviour and life history in Rhodesia previously. In the 

~ollowins coeount, those points which wor$ aentio~d by Mitoholl are 

indicated as suoht but othorwiae the observations ar~ original, 

T.no lifo history ot all Anom'l~ spy. in Uouther.n Rhodesian 'andveld 

areas are similal',(Uitohell,l946 a). Tho beetlos emerge from tho soil 

lli th the t1rat ra.ine of 'ho wet seneon, which ueu.ally .ta.ll sometime 1n 

Sept~bor ( ~itoholltl946 a). Thoy fly at night and f ood on •arioua 

~ndigenoua trecn (Mi·toholl, 1946 a). 1'he sexes ily in roU&hly equal 

numbers. R'o ooonomio damage 'to the foliaat> ot or . . a..lenti.Ll treeo and shrubs 

has been reported, but .these may be eaten as woll· Activity continues 
. 

for some thr~o or tour hours after •undown, during which ttmo the beetloe 

ar~ stro1~ly attraotod to artificial lights. By ~time, the beetles 

hBvo burrowod bnek into ~he soil and hera they r main inactive until the 

followins evening ( tch•ll• 1946 a). ~en dug up from t he soil, they do 

not nttompt to f'ly, preferring to burrow 'back in-to ~he soil or coneoul 

thomsolvos 11'1 some other way. 'l'he burrow is not &xteneiw and beetles 

are no~ally found some 3 or 4 inohoo below soil eurtace. 

In captivity, eggs ~e eoatterod by tho femalo t~~oughout loose soilt 

but, un<ler ·na.tura.l contlltione, where tho soil is more leas oorupaoted, i.t 

is probable that a.zur eggs l ai ct. ill one d~ are plA.o d toccther in the 

burrow. A• or>~ioollie tomal es oapturod a. few days atter f light Aotivi t,;y 

had begun in October 1951, l~id in two or three days 9 to 15 eggs Within 

a weok of oa.t·ture. 
The/ 
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The averuee for 27 f~m8les was 13 egas; no moro hud been laid wh~n th& 

beetleu finr•lly died in mid-Deoembor• 

At room teeper• ... turas of 6) .... 7)•F, tho iuoubation period of Gg8S 

was o.bout 1 month and tha let ~ nd 2nd atudis. both a.1 J,.lfJa.t"eo. to laet 

about 2 woeka• These etagea are found in the aoil e.t )-6•• wheN 

tomperaturoe flu•tu.Pte oonrJide~ .. bl¥, rising to ~O.;.F in the hottest 

pnrt or tho d&¥ and falling balo r 60GF ~t night. Rcwuvor, litohell 

(1946 ~b) reports that in 1945, eg sl~lng of ohafor beetle& in tho 

t ield waa at a m~r~ at the besiruling of November 4hila 3rd inetor 

la.r'P'ae 'bege.n to bo nwnerous a.t C:b.ristmas. This is a perioci of oorno 

seven to eisht weeko and ie in agreement with the laboratory data. 

Thero are only threo larval ins t ars and all teed on 11 vina or 

deoayin$ pl.nt material in the soil (Uitoholl, 1946 a). In the vold, 

the abundant sup_plt" of gr~ssroota a.ppoars to be em i m]?ortant source of 

food. !he tiret two instar$ are too amull to cause ~ ap Dreoiablo 

o.amage to ot-o¥&1 but the third inst8.r can seriousl.3 d.alnage toba.ooo 

whioh ha& 11ot boen in the la.n<l for more than five wock.a (lli toha1lt 1946 a). 

The )rd insta.r larvae t&ecl voraoiou~1ly for some three to tour weoks• 

the period of oevere attaok on tobaoeo from the ~holo poyul&tion in the 

field l asting some five weeks (~tchell, 1946 a). hen full3 fed, the 

larvae beQom~ quiose~nt (Mitchell, 1946 a). Tbese"Propupae~ oan be 

distinguish~d from the aotive larvae eino~ the s~t of tho lattor alw~a 

contains faooal matt~r which is voided in pauaing into tho prepupal 

st86G• In o.ctive whitegr ubs, the blu.iah-bla.ok contents of the gut can 

'be o1early observed, wh .lo prepu,i~aO are a uniform yollow1sh-whito oolO!J.r• 

By/ 



ny th' end ot Jf.lw.t&rJ moot or the l~~ .. b :'1\1 bocome l>•~"•liull•• 

( 1tohel11 :b46 a/ • flho~Mt burrow do•')lJ•r into ~h• ~il, boiJ.aa no:ronl17 

toUllili. abou~ 1 1oo~ l'lelow o1l :"Ur£~00· llero t 01 l'ceaain in a " •· 1¥-nacl~ 

ooll, which 1s no r.:o.t• than an ovoid. U)t.Oe, (lp(lG\htt4 1n 1d.e Wi'h eal i.ft• 

The lle u aot fon d ot oat 'lft~d soil. ,lMU"Uolo• 11\ the Vt.W non•o 

Gnd arc • ilJ' br ·k•n• 

Pupo.t1on ~cw-a tb following W3U t o,.. S pt :Mr. It itt not tw>wn 

11to-c7elo ot' An~lr o~··o1callia 1nvar1 bll· OO(!U,il1ea oM '3ffU o~,y, rot.¢ 

the otber Hu:t~ lt • •ocU.r..r1~ wl tlt it are nirail&r ill ·thia napoot 

('
11toholl, 1946 } • . 

and <1o n.~t e.ttor.\lJt to bu...row b o.k into tho ao11 or hidth n plc.oed on 

ox.;;ooed. o11, tb&3 ~n there onn though th '3 1M3 1 t»oc 4 eic et tion 

1n hot, d.r¥ wenther or be atto.oked lt.Y othor inotet•• Iu tbe labore-to.r;, 

thi• ~e.otiv .»t'ri.Od d1d. r&o\ ~ppeo.r to be ir.tlu.~noft lJ3 te per 'luro nor 

b.Y ~o11 uo1atW!it .vrovl~c' thiG •c.e kept oon:)tac-t.. lt, howovor, thO. e'J01l 

u iot&n 4 at &1\Y'ttifltet tho bee~lea b Ot-t& oti?t "1e tollo in« e'Yi 121116• 
\ 

T s us in 





• 

l• 'l'Im:: OF ... LIUill' 

Ap~rt f rom th6 observation that soil oois t oning is the stimulus 

:roqu1r"d to 3Xlfllte eaorgo1,t beotle s aotive, littlo is known ~bout the 

intluenco of weather on bee t le fli! hts. Attar a perioG or droU,bt, 

rainfall w1ll normally 'bring out a laJ;'ger tlisht tlum W:Ju.al1 while 

no flights oocur in r ain¥ or ~hundery death$r. Unfortunately, tho 

one u&ason that a lis ht trup was operat ed to rocord oetchca and compare 

them with meteorologi~el d ta, flight actiVity was abnormally lQWt and 

no ussf'ul :i.n:f'onm.tion wu obtainttd• Attraction to domesiio light be&ina 

ju.st after sundo•!lU, reaches a me.dmWil between two and tour hours after 

S\Uldown and teJ.ls off during the aext two hours. Few l)eetlee are 

to\Uld near lights o.tter nddnight • 

• 
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2· :F.Illi.DING i:Rt...,Fl::R,.!lC>.!iS 

flitohell (1946 ~) remarks that chafer b~otleo in Southe~n Rhodesia 

are ,ll&.rtieula.rl~ attracted t o ·Lb.$ s,wring L"oio>ruwth .from roota o£ n 

nuub1}r of indigenous tre<Ju, notably ~ulfondo (!uoberlinea. globiflo:tu), 

i.. Ba~& (ll.t.•aoh ste,_:l.u. .J!JLOii'•lrmis) t .. ncl mu.futi (n. boe~.ndi). Howowr, 

. 1l1gbt obse.rva..tions :toun<l. t hese b$otlos (tdoretus t nd Ucby"Z\l%l,)'Oh$ spp. 

~e well :lS Anon~ala. a.Pll•) tced.in.s <.in t\ll portiona of !'ev·,urod. treea a.nd 

new growth doe-s .not, a-t a:ny ru.tot fOLIA the vrtly eut ot their diet. 

To uetor ino r~edin~ pr terano•s moro oxaetly, t he fol1~c from 

slxte~n eo~on treos were .eu to Anonal o~aoicollis beutloG eneloseu 

in glas ... jare • Batohe of four beetleo ~ere enclose~ in 2 lb. 

.~:~resorvi~ jare cuntaininc; 2n of r .. oist e~rth. ~U.l'uti lea.-vea v~Gre 

plaoed in· tho jo..ru u tl.d left tor •omo d.eys, o.ft ar fhich time the eree.s 

of let.£ 11ten were tro.oed onto oquared vn_per , nu. QEJf! ured. The ttvorn«e 

are& ~ntcn by to~ bectlJu i n toar dB3a w~s found to he 2.84 square 

ineho.-,. no roc()ruing "bei~J los.e. than 2 square il~hea. tl"l'te leaves of the 

var.ious t -ost tro o, inc.l.utii~ IAUFtlti, w~re t hen !'la.oeu. in U e jru:-a and 

e.tter .. .:urtllor £ >ur days the .... ounts euten deter,:tin&d.• Ta.bl l B'i vee 

the r11sultEJ adjusted. J.or ~ifie:rencos in the znu!Uti tH~~n initieJ.l;r 

Y:i.Mlly, .• :u.rthel" m:ul<'Ut1 .~a.e plu.eeu. in the jars to obaorva lfhethor any 

t;o hu.ve ha1.;..oned.~ a1neo the i'lnf.:l.l u.Fu.ti 1 s .~ e"dily eb.ten in all ce.e~o .. 

1 though the sixteen troes teoteu. o.id not com.Prise l. l l tho tre s in the 

area, they r&l11'&sented all the eot:lin.on ar>eeiea and it is UtLlikel¥ tllat 

uny major rooa ao xce wao ov rlooked. 

Other/ 
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food preforGnoss to Anomals o~aoieollia, but muFuti1 ilas~na and ~uNondo 
• 

1.\l>P&ttr to be attractive to all the indigen~~us J.lelolonthidae and 

i s unliltely that the :food oou.rees oi' ths e.dul t rtre e. liml t 1,~ 1'&-etor 

TA.BLE 1. - .A;X"O&f! of ,te;avea ua~en bz_ :f.?..!l;r Anomal~ OJ?~o.+.collis beetles 
in to~ o..azeh 

Local native no.me 

Drachyotegia bo&hm1i uroFuti 2.84 
~~iouo O&Jilensis muK~yu 2.66 
Y.ilioztigma thonningii ~nu1\lk.u tu 1·20 

Isoborlinea. globi.fl()ra · muNondo 1-12 

Braehyate«ia s~ioiformis i !:.!asaaa 1.oo 
Di;vlorhynohua mossambieensis mu'l'owa 1.00 

Jw.okea f~,fri ce:r..fll muitarati 0.61 

Syaygium guineonse muKute 0.39 
ormocarpum kirk11 Pu:t'puru 0·35 
.t'seu.dolo.chnosy l i e n:ai>l'O\m.e1tolia mu.T!!ontsowo. 0 .. 04 
Teminnlia. :rho<.teGi¢a muKonono 0·03 
Thosp&sia garkean~ nU.Uinu o.o1 
Vangueriopsis l anoi.:flora !nU'JIW.'u o.ol 
!"onoten ginbor mu 'Nara. Nil 
Reari~ reticulata muliach& Nil 
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.3· ovrros!1'ION' 

Tho soil t3poa in which the f'emale beetle prefers to la..v her &Eft!& 

will bG ralated to thO sit.os lil..ely to be in:f'.::stod with whi tee-rubs. 

To eX4~no t~o pr terencos of 3.o~ oioollis in t his reo~oot, the 

follolfing ex,periment was cioM• 

A four foot hit::h 0 nuze oo.ge wao built uvor six "plot:~·· ur soil 

laol~ted !rom one another ana rrom the ~~rounding soil bf ooncrote 

.. floors" a.nd. sides • Th.o plo1ist which JJ ea:JtJ.red l foot <We.v and ~ 

ya.rda by 1 yard in tJ.rea, · ore :rillod in .A.ugust 1952 -.;1 th tollooil taken 

from a tobeGco 1~4· This voil was oar~fully GiGved to remove ~ 

inueo .. a ;pr3sent ana. t ha n troa.tau. to oimulate v:o.r1ou.s ooil oon .. Ut ons 

found in the field, In SO?tembor, A· o~aoioollie boetloo were dug up 

froQ t he soil and d.istr.lbutod cvetlly betw•on the o~~.ged ploto. To ensure 

fUrtho:t- that the C&«e area. wae po}:-ula t oo. by l.leetlos, tuV caught d.ur1ng 

the flight »er1od wero also dietributGd wltbin it. 1reah ohoote of 

muFUt1 ·~ere evonly distributed betwe n the plota GVOry evening until 

~d·Novemb•r to enaure en even diGtribu.t1on of food matorial to the 

beetloth FinC\lly, at the beginnt~ of tho f ollowinc; Feb~ur3, the plots 

were oxoavated ~nd tho nuro~~ro ot lurvuo ~resent r•eordOd. 31nee the 

~loto w. r .t'illed in J.UB•-«Dt, bofor.} tho o~c-l¢ne had boeun, noith•r 

eags nor y~u.ng larvae could nave be n introduood with the ooil, and tJ.l 

lal'VGO preaent ~Ust have h&tohod £r om OSgS lai~ by the boetles 

intro<Luood .into tho oage. Table 2 ... ives tho rosults of the experir:ent. 

A r;ma.ll min~ r i t y of othel' 11om..U ~;. op&oies ho.d been introQ.U\)Cd YT1 th the 

~.opaoioollis bootles, but the s reat D&JOrity o~ the l ~ rvae reoove~e~ 

wero A. opaoicollia. The foreign s~eOiGs was distributed between the 

plots in the e~~e ~rop~ rtion ~a tho m~jority. 
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1';Ypa of plot Grubs f'ouncl. 

l· Jntur~l veld ~egetation 86 
~. :Bare, broken I!Ullllll"Od Boil 66 

3· Baro, broken ur~cnurod soil 10 

4· Woedy,broken uncnnurod eoil 9 

5· Bl~t cour,pr otaa, utlm< .nurc11 aoil 5 
6. Ja.re, ooQpac~cd_m~nur d soi~ 1 

The baatlas ohowed a doci~e~ preference for ~he natural veld 

conditione (l) and fo broken, annurod eoil (~) but little ~or corupao~ed 

aoil, whether normal (5) or cannrod (6). Sinoo, in tho last inGtnno~, 

the manure W&B mixed. with the coil betoro it was COinlJa.ctod, the 

oompe.ct1on a_p_peara to be the d.acidifl8 taotor. BevortlHtlosn, the natuz·al 

veld plot was accur .. ltel.r oomlla.Otod, a.nd here the plant cover appears 

to have beon •he important factor. The woe~ t>lot {4) did not have 

nearly ae he V¥ a plant cover an~ ~imulatod ~ plou hed land in wh1oh 

no atteapt is maue to k~ p weodo controlled. Thus, 1t apgeurs, from 

the rea~.< ta, t~t keelJitlg a ploughed lMd cleo,r of we ·da would DOt 

greatly at'feot its a •. traot1veness to beetles. 

Those r asul ts have a..n i;o~jtorta.nt bearill6 on farmlng practices an~ 

.Will be discussed later 1tt collnection with le.rvt .l behav1our. 



IV. matAVIOUR Ol'' THr LARVAE 
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IV. BhlHAVIvUR OF THB LARVAE 

1. LOC.AL DISTRIBU'l'I01f IN TIT' ~OIL 

The distribution of whitogrubs in th~ so11 is erratio. An e~pla 

of the type of distribution pattern fo~ in siven in Figure l• !he 

lana oonoarned was a l j aero field of tobaooo grown on a site which had 

been e. oattlo kraol tor t1...-e 3eara previous to cul t1vn.t1on. It 

conta.ined heav dopos1 t• of manure th:rolAghout and was ploUghed in 

jugUst 1952, beforo the beotle flight por1o4• !he field wae uaed for 

soil inseotioi~e ex~rtments and wao planted to tobscoo in la~o 

Deoelllber. The ~baoco was srown on ridges, 9" high and 3 • 6" a_part tmd 

every third ridge wae left unb-oa.ted• To obta.l.n the eoil ;peet 

distribution 4ata, two ~ toot sections were eel eated at random in ovory 

54 toot of untroated ridge and were dus a~ and &ievod 1n early 

Februa.rs• The insects recoverGd .ere mainly Anomala. ot>aoio•llis third 

inst~ la:tTU, although other whi tesrubs and somo Tenebrion1Q. larvae 

(false wir&W01"'.llaJ) wore a.l1D found· .F18ure 1 gives the distribu.tion of' 

all whitegrubs. In SR1to of tne oloao ~ro%1mity ot 60Me of tho samples, 

laxoge d.ifterencoa between them oocllt'rod and the contours drawn in 

F1sure 1 are only ap,proxima.t1ons. Jevuthelooe C$rtain c:U.stribution 

trends are ap~~ont and theua will be ref~rred to la•er. 

2. MOVE i!:NT/ 



- 11-

r iuUiill 1. - Distribution map ot whi tombs in a ~loU4hotl land. 
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Tho preferenooe of A• opaoioollis larva~ in tho ooil were 

inveatigbted by placing them 1n gradients ot soil f'aetore and 

dotermining their movements• Jbr these expor1mento, steel troughs~ 

6 toot long, 6 inohe& square in oross-seotion an4 fitted with air-tigbt 

lids were filled w1th soil in whioh the desired gradient bed been 

1nduc,;od. It was seldom possible to eat \)lil!h a oontirJ.Uoua gradient, 

and normall7 a "stev-graaient" was obtained b¥ filling the trough in 

6 .. ver-tical eections, each section. rlitferins from the noxt. Larvae 

wero buriGd 1~ uaep along the length of the trvugh, oither six or 

twolve per aeotion, W1d their distribution was then determined. after a 

period of normally a week. ~ l arvae found dead o~ on tho sQrfaoe of 

the eoil wer e i gnored. 

Wator was mixed with ar¥ &oil to g1V6 soils ot deoired moist~e 

oontenta. A trough was fil lod in 6" seot iona to give the de•irod atep 

grtuii.ent and tho aruba introduced as already deecriboo.. When the trough 

a.a emptied, a W.:lok l a t or, t ho moisture oont ont of eu.oh sooti on (per 

oent Jry weight) was obtained. £rom tho loss in ei ght ot sa~nples dried 

in an ·oven o.t lUO "'C• The results usin& dift&rent rw'l(Ses of moisture 

oontont are tabulat ed 1n Tables 3 and 4, nd graphod in )~gurea 2 and 3• 

The mean of tho peaka 1n the graphs shown in Fi~$ ) coinci des 

with approxim~tely 1·7~ so11 moisture content. This appeared, at fi et 

eight- to be a r ourk.a.bly low ifalue, eBp.:.oially einoe great difficulty 

ha.d 'b'len tounci, when koeping ~1hi t osrubs und r ob:wrvation, in preventing 

death dUe to des1oont1on. 

To/ 



TAD11J J. - P.\st.ribution of Anome.la. opacicollis 3rd instnr l;BrV&e alo!& soil aoisture 
content S~i:SEadienta. · 

'l'ro~h Trial No. 
Section i ii iii iv v Vi 

.. Larvae ·• c. 1 Larvae II• C.:. Larvae ·.c.-; Larva.& ~.o.; Le..rv&:.& M.G.~ Larvae, 't.c.~ 

A 2 0.4 1 0.4 7 1 • .) 6 3·5 0 o.6 2 0·4 
.B 10 l.J 0 0.4 12 1.8 6 3·5 0 0.3 0 0.5 
0 8 3·4 0 V•3 6 2.4 4 3·9 2 o.;~ 0 leO 

D 9 4·6 2 0·3 5 ).0 4 4·7 6 1·3 9 1.6 
E 4 6.,3 1 o.J 2 3·5 .3 5·2 .9 2.0 .2 2.2 

F 2 8.2 0 0.4 4 4·~ .5 5·8 5 2·4 3 2.6 , .... 
w 

G i l<>·l 0 0.4 6 4·6 4 6.() 6 3·0 1 3·3 l 

11 1 11·4 1 o.s 5 5·2 5 6.8 3 J.8 l 3·7 
I 2 10·4 0 Q.) . 4 5·8 2 'l• 2 8 4·3 3 4· 4 
J 1 11.8 2 o.6 2 6.) 4 7·8 6 4·7 4 4·9 
K 0 14-0 5 <>·9 4 6 .. 9 1 8.2 10 5·2 4 5·2 
L 5 1) .. 2 4 1·5 3 7·4 ' 8.5 7 5·1 3 5·6 

Original 
:Number per 
section 12 6 6 6 
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FIOUit<: 2. - Jl!8'Uibution ot .&po;trmla 0,2&(;.icollis 1-BZ'V'ae oJ.onu ~,il 
i •ture G~~ionta 

i':rial No. 
12. 

s 

4 (1) 

0 
o·~ 1·3 3·4 ~-{, 6·l ~-2. IO·I 11·4 ro·l./. 11 ·9 ·~·0 •3·2 

:b I I I I I ~ (11) 
o·t,. t>·~ o·J 0·3 0·3 0·4. 0•1;. 0·';) 0·!5 0 ·6 O·'i , .~ 

12. 

g 

4-
(iii) 

0 
l·'l \ ·~ 2 •/f J·o 'l·> if-·2 Jt-.'6 5·1 >·I €.·3 

:I ~ I 
L____]l (iv) 

- 3·6 3·) 3-q ··7 5·1 .5·9 6 ·0 6·g 7-:t N~ 8·2. 8·5 

8 

4 (v) 

0 
o-6 ()·3 o·'f 2:0 :J.·4 4-•3 ~-7 S·1.. S·l 

g 

4-

o II I I I (•1) 

0·/f O·G 1·0 1-6 J.-1 2:6 3-3 3·7 "'·t,. 4•q S·l 5"·6 

1 Uoieture Co:ntont in the twelve trough aec.t1ona. 
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TABLE 4• - Trials ( ii ~ Mel ( i 1'1) fX'om 'rabl_ o , J ooni);»i ned, di sregardiy 
end aeotiona. 

§oil Kois~ure Oontent t 
0·4 
o.6 
0·9 
1.8 
2.4 
3·0 
31l5 

4·2 
4·6 
5·2 
5·8 
6.) 

6.9 

Bumbar of Larvao 

0·5 + 

2 

5 
12 
6 

5 
2 

4 
6 

5 
4 
2 

4 

+ aVGra.ge of sections ~ to I inclusive, 
trial. (ii).-

To invostis the rolationship betW&en soil moist~ oontent and the 

relative humidity of the soil air apaoos, a number ot 2 lb preserving 

Jnrs were half filled with the same typ-e ot soil t.s used in the moisture 

content gradient experiments. This soil had been mixed with water to 

give variouo mo1stu.ro contents, and " ... dne7., ,Pa,per b¥srornet.·rs wero 

pla~ed in the j cra ~hioh were then sealed. It waa found that 1·7% soil 

;ois ture content at r oom touperatures was the lowest that still gave 

100.~ relative hur:du.i.t¥ of the a.ir enclosed w1th t he soil. tTu.t'Urall¥, 

as the moisture content of tho aoil 1noraas&s1 so its air spaoeu a:re 

tilled With water, and it 1G r&aaonable to suppose that the larvae ,prefer 

the oo11 mois ture content which gives tho maximum aer&tion ot the soil 

while prevonting d•siooation by kee~ing the air spaoos sat~ated. 

In/ 
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FIO:J.rth l• - !,iptr:\.but1on of ~-o;puoicoll1u ltU'VfU!, . alo!'e S<lil, 1oist1tto 
9fadien'a 

f.l 

'3 (1) 

.... 

0 

ll. 

8 

(ii) t (iii) 
4 

0 

g 

(iv~ 
4 

0 

6 

4 

0 

9 

4 

0 
0 6 7 s 10 II It ll 1-i 

f Soil Moisture Oontant 
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In figures 2 and 3, 1t will be noted that anomaloUG 

coneentrationn of l arvae tend to ooour a.t t.rouah otlds• 'l'hia phenomenon 

oom.tr J.' Od in ma113 of the graa.ient ex,poriments and is uooi'ul in 

oluoidating the oechanism of movement ~long etep gradients. Discussion 

of ~his ~oint illt however, be left until the end of the eeotion on 

For a proper oetimation of soil inseot Qovemento ulong 

t empernture gx'$dients, apparatus which can keep a uniform temperature 

across the direction of the gradient is' required. In tho abocmoe of 

different soil moisture contents wao all tha.t oould 'be obtaino4. A 

steel trough was filled with soil of a uniform moisture content end was 

heated a1 on& end with a spi~it lamp and oool ~ at the other br a stre~ 

o~ water. Theraometers were int~odUceu at 2 toot intervals alo~ the 
tbough 

troUgh corkod holes in th~ air-tight lia • . ·, 

Once the temperatures were oonstant.- larvae er introduced 

evonly nlong the troUgh, and, uttu- one to two houre, tho soil ''as 

ren~oved in e.ix inch vertiOt\l seotiona tor larvae eounte and eoil moisture 

deto.rrAinations. The thermometer bulbo wer placed 1~,. above the bottom 

o£ the trough, and as ~ost of the larvae were found below this level and 

henoo in higher tomporutures ~han thoeo recorded, only relativo 

p~efe~ncos at the different soil moisture contents were obt~ined. 

'l'a'til& 5 pvea the recul ta, and theae a.ro pc.vhed in !'igure 4• The 

te~npert ... ture pre1'orenoeo ~;~.t tho di.fferont aoil moistu:ro contents ar& 

shown in Figure 5· 

Rof<Jrenco/ 
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Reference has al~e~ been ma4D to tho ocouronce of anomalo~e 

"an<l e£fects" in gradient experiments. I!o~ver, the eonoentra.tione ot 

larvae t t.he hot onds in tho t&»lp&:r:ature oxporim&nts wore a:u.e to a 

otreumetanoe poouliar to those ex~ . riments. ~ho heat was appliod to thG 

middle of the tirs't section andt since heat woulu. be lost :.from the end 

of the troush, 'he maximum tempera.tlll"e would ooo\11" oomo distBnce from the 

end of tho trouah· J.1:q gru'bo caught in the first short aradiont oou.ld 

not be expected to paas the mC\Xlnn:tm temperature into th~ main sre.dient 

to find th~ opt~ temperature. hence a oonoentr~tion at the hot ond 

The preforenoe trend domonstrat~d in Figure 5 oan be oxplained it 

tho r pirator7 requiremente of tho larvae are eonsiderad. »Gaiooation 

must be avoidod alld thu.a a saturatod atmosphere 1$ a. survival neoeaoit.Y• 

Howover, with inorea&ing ~o~t; of water 1n the soil, ~ho air epaoas ~e 

progressively ~illed until finall¥ the aeration of the soil beoomec less 

than that required tv tlto larvae for respiration. •oreover, if tho 

tempera·~uro 1o rvisod, ~he metebol1c rate of the larvae becomes gr~o.ter, 

and more soil aeration is required to satiof~ the increased noed tor 
' 

oxysen. Renee, ae soil mo1Gture oontent increu~es, tho preferred 

temperature will deoreaae eo that the metabolic rate is adjusted to the 

am~unt of o~gen available for ra~piration. 

Theoo results o:r;plv.in wb;r chafer l arvae c •..n exist close to the 

aoil surface noar whioh the temporaturo is high and tho soil moisturo 

content relatively low. 

E~per1~nents/ 



'!'ABLE 5· - .Di.otJ:ibution of Apoma.l a opaoloollis 3ra irwtar larvae o.long Temger~tu.rE}· Gradient s W1 th 
· di fferent aoil moia~J oontents. 

Dist'lnoe Trial Uo. 
along i ii iii 1v v 
Gradient . w./. L~V'8.6 TEuap•.F uc.~ Larvae 'l'cmp•.F uo.,J Larvae Temp•? r:o.~, Larvae Temp"P t:c.~· 
(inchesl 

Larvae Temp • F 

o-6 9 5 6 .5 7 
6- 12 0 0 0 0 0 ~ 

Ji 

12- 18 0 107·1 4·3 0 107·4 3·5 0 
112..6 2.5 0 lll-4 1·6 1 

11,3.0 
~ 

18 - 2"4 
..,. 

4 93·4 1 94·3 
) 98.8 4 2 97·7 

GJ 
9)·9 p. 

24- 30 5 4·4 15 3·1 8 2-3 12 ll .... 
I> "' 

30 - 36 12 9 12 6 3 I 
&;.1 <>6-9 90·3 88.5 87· 4 

36- 42 9 7 12 8 6 0 • 
VI 

42- 48 7 4·8 5 3·~ 8 2·3 8 1·7 7 ".!i!!. 
73·0 76.8 80.8 76·5 75·7 

48 -54 7 6 4 6 6 

54-60 5 10·1 ~5 4 72·1 4·0 4 2.6 9 1·9 4 
60- 66 5 4 7 2 1 
66 - 12 3 4·5 3 3·4 4 2·3 4 3 

.A.vo.rago 
4·5 ).6 2·4 1.7 o.s 

JIC. 
ltode .33-li'l 211-4" 36.on' 27.6n 27-6" 

Ori&inal ~ber ot larvao por eoction • 6. 
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FIUUt(..:i 4 • - llifltribution of A. oR cicollis l arvoo alotn doil Temernture 
~G.ti.1!!J:'t! 

12 4• 5 moisture ll.O 

g too 

4 9o 

0 

14 

12 -I a 
fb 
J 
Q 4 .... 
~ -

-
5 
0 ....... 

• Q 

: 
~ 12. ,.... 2.4J, moisturo llo 

(W 
0 'i? 
Cll 
tc 
J 4 

~ 
Q 

·~ 
flo 

s loo 

4 .----t 'io 

Q 

ll. llo 

i1 too 

4 

0 
6 0 'l. L---~--~----------~--------~----------~----~--~60 

'llf- 3 0 3 6 /rl. lf!S S'Jr 6o 66 7l. 

List...nco alo~ trouab. inches. 
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FIGUR 6. - lli.rt:ributio:n Gt •Oft cicoll.ia lttryao alo!.s aoil ~n Gradients 
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Experiments on tho survival. of larvae at di.tferent levols ot temperatur~ 

and eoil moisture content will bO described l ater, and theae show that 

lethal to.mporature - ao11 moioturo combinations nre not likely to ooour 

within the top 3" ot soil where "the 1~ are o.ot1ve. In taot the high 

temperatures and low moioture oontonts that coeur near tho surfaoo seem 

to bo those proterre4 by the l~vae• 

c. .2!! 
·Soil sample~ were t~eated with o.2f, sulpnurio aeid an4 saturated 

lime m.to.r to give a range ot pH vulu&s. Ste,p-sradionts were thon ·set up 

1n a trough and larvae introduoed as deuoribed preViously. Tho method waa 

not wooesstul in producing alkaline soil, but• in an:s case, th1o 1a not 

found within the ao.ndveld areas. Ta'b~e 6 gives the distribution of l arvae 

after a week. Tho final yH v~luGs of the so11 were obtoino~ using a 

Deokma.n pll meter~ Figure 6 shows that the distribution was erratic in 

the two e1p ·1riments conduotad a~n no prei"erenoo was exhibi t od. The 

production of other pH difterenoee in the soil produoad other ohangea 

(eg. in oaloiam oontont)J hnd prefer~noes b~en ~ound tuz·ther so~~ation of 

the taotol's involved would have been no-oosaBrJ• 

D• SOIL C<J.!PACTI ... N 

Sand. veld aoil with a uniform moisture .·~ontent oi 5/ was paok ci 

into ~ -trough to give a eteJ?-gradient of .trom 80 to 104 lbe soil per cubic 

foot. Table 7 and .Figure 7 give the distrlbution of l urvae a week after 

their introd.u~tion in~o tho gra.dient. No ; .ref'erenees were do.monetrated 

within the r~e of compnct1on test ~d. This r~e was adequate in relation 

to oultiV8ted soils, although the ul-per limit we.s not aG h18h as the 

eompaotion found in pathw~s or bare oonsoliu6tod soil. 

TABL.'tf./ 
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'l'ABLh 6. - ,Di~~ribut.1pn of .Anomalu. ope.c1oollis Jrd 1nstar 1~~. Cl;lo!!l 
.Jl.B Gradienta. 

Trouah 'l'ria.l No. 
S0oti9n 1 11 

Larvu.e pll - .. Larvae plf 
• 

A 6 '·7 3 4·7 
:a 1 6.5 3 4·7 
c 5 6·4 7 5·2 
D 3 6.2 3 5·3 
E 5 6.3 8 5·6 
1~ 6 6.0 3 6.8 
G 2 6. 4 5 6.) 

H 0 5· 7 6 6.2 
I 2 5·7 a 6.7 
J 4 5·7 3 6.7 
X: 4 ;.o 4 6.7 
L 9 6.2 2 6.7 

' 

Or1gi~l numbe~ ot larvae per eeotion • 6 

' 
T.LJJLll: 7. - Distributio,n of Anomulo. o;,eacioollis ~r~ ipetar ;to.rvae oJ.om~ 

a &oil oom~ 10~ion Gradi~nt. 

Tro1A8h "lbs r:Joil/" 
Section Larvae cubic toot 

A 1 80 
.B 4 82 

0 4 84 

D 2 86 
E 3 88 Original humber of 

larvae per oegtion 
F 2 90 • 6 

Q 3 92 
H 6 94 
I 5 96 
J 1 98 
K 5 100 
L 12 102 
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A to:rtilieer mixture (Virginia ' A') contniuing 6-t If, 10: l'20s 

and 8,; K~U WU used to make a stop gradient Of fort1l:1.aer content 1n soil 

oonta.inins 5% moisture. The r c.tJge wa.a equ.iv•~lont to a.i:'vlion.tiona from 0 

to 1;000 lbs tortilioor pe~ aore broadoaat. Ta~l~ 8 and i~gure o show 

that no yrefercnoe was dODonstratod by tho di~tribution of lurvae one 

week u£ter introduction into the gr~Uiont. 

'1' a..JL 8. - lliotribu-tion of Anombl&. opa.eioollis 3rd ;instar .,l~vae 1rt, a 
l'ttrt l1s~r G:t"adient • 

• 1 1 

lbe fort1liaer7 Troush 
StJotioe_, !,{:t.rvae o.ore 

A ll 0 

:B .3 92 
c 2 185 
l) 7 277 
E 3 J69 

F 6 461 
0 3 554 
i 3 646 
I 7 738 
J 4 831 

K 6 923 
L 10 lOJO 

Origl.nc.l number of l urvae per section 
• 6 

Sand and kraal compoot were mixed to make a atop-gradient of 

com~ost oontent £~om 0 to loot . Tablo 9 and Figur$ 9 ehow the distribution 

of larvae along the gradient one week atto~ introduction. A definite 

preter~noo tor compost •as demonstrate~. 

This/ 
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This experimGnt indicates the reason tor $rratic ~istribut1on of 

larvae in the field· lJ.'lhe larger pa:rti.clee of org&nio mat:ter in tho soil 
mainly 

originate t~om partly doeom»oaed roots or leaves and Will occur ecattored 

th:rou.ghout tho soil e.a. disorot$ e<>noentl"u.tions of fo{)d mator111l t o:r tho 

~A.ULE 9· .. pi~tr,ibution, !)f, Ano~nla. OJla.o~oo;tliFe ~rp. , in,.!.t .. o.t- l arv;M slog 
1 com~os" Gndien~· 

.... itt d k J 

'frOU8h .'~o~'Gt 
Se.etion -- Larvae in eand 

A. 1 0 

ll 1 9 
c 2 19 
l) 4 28 
}; 2 37 
11' 2 46 

G 4 5S 
B 3 65 
I 7 14 
J 17 83 
X: 13 92 
L 16 100 

Original number o£ larvttC pGr 
section .- 6 

a. ~LA.ttt' .lJi~lfJ.tfY 

Throe troughn wore filled with (i) san~, (ii) gro~ sandvold soil 

and (111) kraal eo~poat. SmBll tobaooo see~lings Nere planted in these 

modia to givo gr~dionts of oee~ling denait¥• Larvae were introdu~ed in the 

Table 10 and Figure 10 give the distribution of the larvae 

A/ 
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A •light preferanue for the high pl~nt densi~y a~pe~rs to have 

'boen shown. However, the numb r of larv1~ in ilJJ¥ saotivn nev: r exce(lds 

tho ori{!in, 1 nur .. bar (o/t Ta.blGs 3,5 Bnd 9). The root DlM,sea of the 

eee~lingo were small• and did not penetr~t• more th{n 1 into the soil 

whereae most of the larv~c were found towards the bottomo of tho troughs. 

No pl~nts wero tt~oked, although in the sand tro~, there was no other 

food tor the lsrvac. An ~bsenoe or an~ marked che;otro~ic reaponse to 

tho .t:~l nts is therefor() appnrent. Poosiblt tha plant cover had somo. &ft eot 

on tho pbyaical oon~ition of the soil which enh~noed the ~h.nce ot 

durvi val ~1· the larvae, a1 thoUt;h. there "\'1\..S no direct evidenoe of th~s. 

TAllL~ 10. - Ditttribu~ion ot:, Anot al~ o,ettoioo:pis Jrd instar larvae alo~ 
Rla.nt d.enei ty Grodi.$nt. 

• I . 
·: " Nul~ bUr of larv~e' 

... 
Planto7 '1'1-ough 

Sootion r1) in sand (ii) 'in (iii) 1n ydQ 
sand veld compollt 
soil 

A 0 9 5 0 

.B 0 4 3 4 
c 0 2 7 6 
D 0 4 10 12 

g 0 9 5 16 
F 0 6 6 20 

Q 0 2 6 24 
:a 0 3 ll 28 
I 1 7 9 32 
J 0 8 12 36 
K l 9 12 40 
L 0 9 lO 44 

Original numbe.r of larvae par sec:tion • 12 

B./ 
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FIUUR 10. - DiutribuU.,!)n of A· op~cicolli~ .. Ja:.r;va.e aloM Oru.dient• ot 
!,obaocu· SSedliN DGns1!,Y 

12 
In se-nd 

4 

gl_------------------------~~--~~ 

!n SQnQVOld soil 

: 12. 

5 ~ l ..... 

"" 0 4 

• ,.. 
G) 

0 

i 
IZ 

4 

4 11. 16 20 24 'l.S 32 36 40 44 

Iumbers of planto por aquare 7ard 
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The tore$Oin5 reoul~a muet b$ intorpra~ed with the r ealis,tion that, 

in most oases, the gradient wae a step ty»e and not true. !he larvae 

wel'o 1ntrotluoed into the middle of overy atep and the~ could not have 

sensed. tho aa.~aco.nt stepe before they movod into thGm• In the coil moisture 

experitlento, it ie conceivable 1ihat moisture mq han ditfuaed from wetter 

eeot1ons into dr3er aeo~ionD, tending to make a true grnAient, but, in the 

compost exporimon1i, 1t ie di!ficult te •ee how An¥ di!iusion of organio 

r.aatte~ partiolO:a ooula. have ooour.~:ed• ll'hus it is unlikely that the 

direction ot these atep-ar~ dienta directly influonocd the direction of 

movem$nt of the larvae. Bowevor the rasul to oan be explainod it it io 

aasumed that the ap•od ot mo~ont was affected oy the gradient an~ that 

the further conditions departed .fx·om the opt:L'Dum, the gro· tor the speed 

of movGment beceme. If such e.a &.SJ.1UIJlption 1s oorrcct, the :probability of 

finding larvae in Ol>timum oonditJ..ons woulti have boon gr~ ater than tho 

probabil1ty of finding them in unsuitable conditione, ana tho diatribution 

of l&l"Va$ along the 1r~~ient ~uld have vc~ied ~coordin61Y• 

One oonse~uenoe ot suoh a moohaniam 10uld be the ocourcn~e o~ anomalous 

ooncentrationo o£ l~ao at trough onaa, ~ha "end effects" which were, ~ 

taot, obeorved. !hose would ar~se in the following manner. If the 

direction of movement is unaf:f'eotou., somo larva :may move along tho BJ.'e.tliont 

in the wrong direction• but with 1ncro~81ng speed ot movement, until finally 

stopped by the end. or the trough. dt course, movement will sorwrally be in 

random directions and there 1$ no guarantee that onoe a larve has begun to 

move 1n one direction it will continue to do so, thus end ooneentr~tions 

Will DOt bO OXOOSLiVe• 

To/ 
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To pu.'t this theoq to the teo't, larvae wer• marked with v<U•ious paints 

oo that tho ~reotion and extent of their movements could be eauged. 

Unfortuna.'t!~ly the ma;rkings wen soon loet once the larvae weret 1n the 

soil and the rosul ts of this experiment wore ¥tot conoluai ve. Bo eTer, 

somo confirmation of the theory was obtained. After ono hour in a 

step-gradient of SGil moisture content, euttieiant marktngs remu1ned to 

show that the larvae had move~ in both dir•otions along ~he ,radiant 

o.r..d that• tts a. result, conoentrations at the ends of th<J trough an .. at 

the optimum moisture content in the middlo of the trough wembaginning. 

With :rogard to .. end .effects" in other expcrimentG nona ·,,e:re found 

at tho "~" onds in the ll.o1ature gradients (Fi·~e 2). However, onl)" 

liVin& larvae were :recorded in theso e.x:,pe.r1rnents and, sinoo oondi tions 

dry""r them the Ol?titlum 1'/(:re lethal, ~ larvae that did beoomo 

conoGntratad a t tho tt<iry•• o.nda would have died. and would not hn.vo been 

rocorc1eo.. .Atti.~.·at, 1 t we.a thought that tho conoontrationo c.t tho "wet" 

ends WOl"O duo to inability ot' tho l arvae to move once in ooil of high 

moioturo content, However, this could not have been the oo.se ainoe 

en&-of-gradiont coiatur~ contents .in aome trials were repented in the 

middle o:f g;ra.dienta in other•• No ''end efteots" were rocordod in the 

oompoliJt grn.Qiont. Hero the one end (pure oand) \vas lethal to tho le.rvne 

(see Tt''blo 10) and aDl' end o:f.feot at the comllOSt ond would ba.vc 'been 

markod, since tho optimua was at or close to thia $nd• Finally, "ond 

effects" were also observed in experiments that save negative results. 

The ordinary sandvold used in these eMPeriment$ contained little organio 

matter and tho general epead of movum~nt must ~ve been tast, reaulting 

in the end. oonoentrutions. On tho other hand, the npla.nt densi ty•• 1n 

compost" experiment/ 
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experiment, in which the general movem~nt must have been slower, did 

not result in an ••end etfeot" • 

Unuor naturt.sl field conditions, the temporc-ture am soil moietu.re 

gradients Will ~o true grudionte ~nd ~ well affect the orientation of 

larval movo.ment. Ho\"'eve:t' they rill mainly be vertioal padienta and 

will not atteot the horimontal diotribution ot larvae to ~ great 

extent. It appears• in taot, that orgnnio matter in the ~oil will be 

the main factor determining distribution, and orgunio matter content of 

the soil does not VU:J in a ropl(U" manru~r. Thus dis(l)reto oonoentratione 

of oraanio matter will give rise to diaorcto oonoentrationa ot larvae 

and. this would account for tho loot l varir tion'~ in land population tound. 

If tho theory ot movomant outlined above is correct and the gonoral levol 

of organio matter in a ·Boil ia low• the movements of a~ larvao present 

will bo co~re£?pondingl., faet and this may &f".i'eo"t the amount ot duage 

intliotod ~¥ the lnrvae ob field oro»S• Thus if tobacco is pl~ntod 1n 

•oil genur~ll¥ poor in deo~ing orsunio mntter, whitegrubs Will move 

about more and be more lik$ly -to find. .and attack tho plall.ta than 1f" the 

tQb ooo h d been plunted in a rioJ&er soil• SU.ob do1s o.ppear to be the 

case and a further reference Wlll be made to this point in the seotion 

on ploughing in l.'elation to OhitfG.l· lnna.e. 
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4• 'PUr! SURVIVAL OF Lit.RV,\ , Ill J'f" L. TlOl• TO SQIL 'l':..~JPBRATUR:' AN! .. ,toi·~TUIC:' 
COti'l''NIJ.' 

Chaf'or leu-VH.e eli• from desicoa:U.on unlesu they ·are kept ·in a 

satur~ted atmoaphoro. fhey also Qio if kopt in sealed containers• 

presumably through aopb1Xi~tion. Thus eoil in which th0y are kept fo~ 

observa tion ust be kept moi&t a.ncl well ventilated.• -In the absence of 

suiiable apparatus, it was not possible to maintain a oonotant moist~• 

content in soil ee.m~los over long po.riod..a, oo the ef!oct o! soil moioture 

content and tamvernttu-e on the rate ot larval deTelo rnent could not be 

moaeurod. How~ver, the etfeot of those t uctore on surviv~l over sho~t 

periodo was meeun..U'ed in the following manner.. An incubator was sot at 

a requirGd. temperature e.rui ~roVicied with lt..rgo "trt ys of water to keop 

the ai~ in6ide as nourly oaturated as pOss ible. Batchea of larT e were 

plao~a in a soil-oompoot mixture of desired moisturo content in containers 

and the~e were pltoed unaealed in th~ incubator. Using this meth,d, a 

series o;t E:Oil tnoit.tu.re contents WOl'e toeted at 98 •F, and a eeriee ot 

temperatureo wore tested at an initial so1l moisture content Of 5~• 

TableD 12, 13 and 14 give tha ra~lto obtained ~nd the data from T~les 

13 and 14 is graph d. in Figur l• 11 and 1?. • 

'11\e op·timum moisture cont~nt o:t the soil-compost mixture used appe :rs 

to be between 10 tlAI1 40 -t , and this 1o much hiehar .than tho optimum to tbo 

e~navel~ soil uced in the sr~dient expJriments as measured by larval 

proferenoes. However, the satur~ tion point fot· the oandveld soil was 

15 ~ moieture content, whe~eas with the soil•aompo~t mix~~e i t is 10: 

It has already beon ~~oat~d that optimum moiuture content$ de~and on 

the aeration ot the soil an~ th$ relative humidities of the air spaces 

r ather than the abaolu4e amount of mo1 - turo prosent. 

T~·us/ 
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Thus the high optimum tor the eo11-aompoot mixtare probably reflects 

the grGater noration and moisture o. paoity of the soil when oompoat 

'I'AI3LE 1 2· - llortalities in 'ba.tohee ot 3 Ano!llalB OlH..Cicollis lr?- inst9: 
,l,arvae in a Scil-OODiR~at m&;ture e.t 2b•f· 

&oil 'cisture Hours 
,Content ~ 20 22 20 66 

1·5 3 

3·5 l 3 

4· 0 0 3 

4·:> 3 

5·0 0 1 3 

5· 5 l l 3 
6. 0 l 3 
7·0 l 2 3 
~h O 0 0 2 3 

1o.o 0 1 2 2 

15· 0 1 3 

?0·0 0 1 2 2 

30·0 0 3 
40·0 0 0 1 2 

so.o 0 1 3 
6o.o 0 l 3 
70· 0 + 0 l 
so.o ... 0 ~ 

-t ea tu.l•o. t ed 
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T.A.BLE 13· - llor~ali ties ,in 't!a~ohea ~.f 1~ .~.n.omalf.l; o •. o.oiooll,ie ~rd ins tar 
within 24 ,hn ll' '.l c.fto1· -axl)oa~c to tem,verature · f or .ceriod:s 

up to 4 ho-q-a. 

Temp. .aouro e.x~osure 
"F B~toh l 2 J :4 ..... -· -, ' t II ' , 

65 - 75 1 1 · l l 0 
_ ( tlootl) 2 0 2 1 1 

3 0 2 2 2 
Total 1 5 4 ... - J L I JJ -

95 l 2 1 l 0 
2 0 2 1 0 
3 2 0 0 1 

To4el 4 3 2 l 
" 

., 

99 l 1 2 2 3 
2 2 a 2 () 

3 1 1 l a 
Total .it 2 . . 2 2 ' I !. 

104 1 1 4 2 2 
2 l 2 4 l 
3 0 - 2 l 

I 3 
. 

-
TotaJ. 

!I 'd .. 2 a 7 •nod 
6 

1o8 l 0 0 12 12 
2 0 0 11 12 
3 0 l 11 12 

11'otal 
' .... 0 1 J ) 36 

113 l 0 11 le:: 12 
2 0 7 12 12 
) \) 12 1'' t:. 1 .2 

'lote.l . . • t awl' 
0 ,JO 36 )6 -

116 1 12 ).2 12 12 
2 12 12 1 2 12 
3 12 - 12 12 12 

jl'otal ~(~ • ~6 ~6 ... J?. .. • II 1 I 



- 36-

can 'bo 111 thatood tor a poriod of four houru, bUt that prolonged oxr osuro 

to 101 •F is normally lethal. 

TABLE 14• • Mbrtal1t1e~ in batches ot 12 Anomala opaoiooll1u 3rd inotar 
lervae niter 2 ~lo at const~nt temporaturen. 

Bitch 1'~m~eratura •F 
~Ei:S ' 2~: 21· ~: ~~· 2 lot :10~ 

l 0 2 0 2 7 11 

2 0 3 1 0 8 12 

l 1 2 1 l 4 9 

4 4 2 0 1 7 10 

5 0 5 1 0 7 10 
6 l 0 2 2 12 ll 

Total 6 14 5 8 45 63 

The curve in Figure 12 flb.owa an anomalous peak at 95 •Ft but table 

14 shows that this wac not due to all1" treak ooservatione, ae tho data 

for the different batches is oonsiston1. A poasiblo GXFlanation is 

that a dise~ae organism attacking tho le.rva.o was part.ioularly active 

at this ~mperature. It we.e noticed that man_r of the larvae utsed in 

the e~eriment develo~ed blaok patohes in ihe ep1do~s and those were 

lator ~eOO£nised ~s symptoms of a VirUo disease. Apart from the 

temporature differoncoa, all tho batches of larvae were treated in the 

samo WfJ¥ and. it is eonoeivable that the virus was most a.ctive ~t 95 •p. 

It is 1nterost1ng to consider the teoporaturo ~ta in rel~tion to 

norm.el soil tortJ.peratul"es at T.relawney. At 2•• below soil surfaoe, the 

temperature mq ri.ee above 100 4iJ! at midday, but at 4" it 1s seldom 

above 95 •.F • 
.,reover/ 
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i\1\l'Oil.J 11. - Tot!! ~ l'"UU:V 1h 3 \:,a.to~s o£ twe.~v& .l.o,.aoicolli e larvt 
W1 thin ~ l bc1.ll"w ot Short ~~· oalll"oa to hip T!!Res:atures 

36 +----+~~A tAA 

/' j-----

24 

12 

0 ----o 
0 ~~==~4-====~=--------------~---

0 2 4 

+ lib 
A 113 
A lOS 
Cl 104 
• <tq 
o qs 
• 7o 

Fl.GUU 12. - !fotal 'oft.Ji il in 6 bo.tohes of twel-.re A· o~ao1collio la.rvoo 
~tor continuous ~:x:pouure to various ~ ;te!"L turoo toJ; 5 dys 

71 

0 
'"to ~0 \00 \10 

'i'c e:ra.turea • l' 



- 3b-

Moreover the high. temperatures are oeldom maintained for more than 

4 ho~s. It a~peara, thon; that tcmporature alono v411 ftOt be a 

lil1lititl(5 factor in the survivt l of the larvae 1n tho soil. 'l'ho optimwn 

tomverature tor survival in thoso test~ appearu to bo in tho rogion of 

97 •Ft \'lbile in the aradient OX,P&rimonto, 0. l'OlJ6h estimate of the 

~referrod temperature at the lowest moisture oontant giving saturated 

$1r ape.qoo was 94 .. F and 1 t was known that this estimate tended. to be? 

too lot. It is likel7, therefore, that l~vao aro attracted to the top 

3" of soil sinoe it 1s here that the optimum oonditlons of tompor~turo 

and moioture aro most liko!¥ to eXist. 
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PUPAE · 

.Pl."e·,~upo.a have been tountl o.t g:fllater depths in the soil than the 

aeti ve lax'vae. An e:x.porim.,nt was conducted to determine whether t here 

ia a general ~ownward trond of movemont of propupae an~, if so, whether 

this 1s influenced 'b.Y soll oois tu:re . 

Porouo ooncrote pipoe of 4n int~rnal diamota~ wcro plaoed in 12" 

diameter motal ~ylindors sunk vertioally into t~o ground. 1he cylinders 

wore fille'l w1 th wu.tcr to produoo a \Itt. tor t able and the l avol of the 

water wa.o kept constant. 'l'h& ooMrete pi,pes wore filled to within 9'* 

of gr und. lt~vel with sand ind the rom<.~.1tlil18 portions With se.ndvold soil· 

FoUl' pr e:pupa.o wer e introdu 1 d into every pipe in early April a.nd the 

Pi»eo were omptied a week later when the ;ositions of the grubs and tho 

vertical soil moisture oontent irbdionta we~e dotermined. T~bles 15 

and l6 s~-oriee the r esults of the e~pe~iment and ~~ ar3 13 g1vea tho 

graphs of the soil moioture content gradients. 

'l'AJ)LE 15• - ;§ Soil n.ois tur& content s in six vert,ioal gradients. 

.De~·th in P1,Ee No. 
inches 1 2 ~ ~ 2 6 

0 18 .. 5 11.8 . 6 .. 4 2·9 o.a 0·.> 
6 28.8"'~-+ 17-6 10,4 6.7 5·0 3·7 

12 24.o+ 24.1+ 11.1 1·9 6.) 
18 24.o+ 24·3+ 11·2 8. 8 
24 24·1+ 24·4+ 13.2 
.30 24.0+ 24·3+ 
36 24·5 ... -

+ saturated 
++ the top 9" of soil had a highor moiuturo 

capacity than the sand bene th• 
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T\~LE 16. - DeEths or Ano~ula ogaoioollis propup~ in the six moiaturo 
G,ra.diarl te rooorded ,in. T .... ble is. 

Prepupa. lto- Pi ,EO ' 10• 
1 2 3 4 5 

g' •.• 
l • 

1 1'' 6" 8" 1" 6" 7•• 
2 4" 9" l" 14" 14ft 13 .. 

3 6" 9'' 9.' 3" lltt l.}rl 

4 5tl 8" 12" 8" 8" 23" 

"•an 5" 8" 7·5" 8" 10" 14" 

': t .c. "t 
Uean + 

++ +++ 12 8 7 7 

+ eotimtted from FJ ~ure 1) 
++ satura-.ed 

++• nea.r saturation 

It is ap~Bront trom theae reaults thAt prepupa do move below the 

toJJe01l in which the activo larvue are found. Ss.turated soil itapoded 

this mov t. n" in the ox,l;erit1ent, a1 though the prepupo.e- di~.o- d.teoond into 

moisture oontenta tAr higher than are found in the veld at oompur ~le 

deptha• Howe'\tor, sineff the te11pero.tures nre low at those depths an4 

u.otiv1t7 ie · t e. llinimUin, the p1e)iup e preuum 'bl.r do not requ.ire well 

. \ 



- 41-

30 

'-~q6 ,, ~-----

~ 
It¢ 

'" l'l .. 
.d ...,. 
~ a ' 

0 
0 10 

"" Soil !oist'W!'e Content 

I'IGUK • 14· - Whi tegrub d :I.!WtC• tO tobeo4.:o }>lantad. nt t1,w. dJ.ft l'eot dates 
in a ho~vill inteat~d l~ 

¥ 

6o 

$<> 
'C$ 
0 ,..., 40 ;..{ 

~ 

i 
30 

,... 
~ 

7_o 

(0 

0 n 
~to'i. 10 Nov.14 D~. s i)~c. .'l.l :1'AN. 5 

Da-te pl ntod. 



V. Tl!t: llt.:H.AVIOUR OP \tfii~:.;GRtmS I N R LATION TO TOBACCO OU LTURl-J 



- 42-

V. THE BEHAVlOTJR OF .~.HI 'rMl~UBS I J R"LATIOll TO 'l'O.BAC00 CUt~TURE 

Although the behavio\U' of only Anomela O.l)&e ... oolU.a hae beon 

oonaid.erod aboV$, much of tba :t.nform&.tion would. appl~ eqtu lly well 

to othor Ano.nu.tle. specios, ond some ot it ~o Sobyzonyoha and Acioretue 

spp. Together, these threo tamilica comprise praotioally Bll the 

white;~ubs found in the Southern Rhodoa1an sandveld, and ox~or1monts 

have indi~ated that all show similar reactions to soil temperature, 

~o1sture content and or~~o matter content• uoreover field observations 

s~ ,est that all the adultu exhibit much the s~ "beaav1o\U" with regard 

to egg-laying. Thus the following aooou.nt ot the behaviour ot whi tegrubw 

in relation to tobacco culture, although primarily baaed on experiments 

with A·o»aoioollis, applies gqually well to all Rhodeaian wbite1rub 

specS. ea. 

1-/ 
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l• THF. ::Fli'~CT OF FLOUGH!NO ON J,AiWAL DI~f\'RI.BU'l'ION 

ThG effeot of ploughing on chafer larvae (whitcgrube) waa first 

invootig~tod in Southern Rho~esia b¥ Mitchell (1946 b) ~ lator by 

.1ofiett (1947)• In their expariments, the numbers ot whitogrubs and 

'he numbers of tobacco pl~nta d~ed by whitogrubs ~eapeotivaly were 

recorded in plots of virgin soil plouahed ~ither before the ch~ter 

beetle flight per .od or after the flight poriod. Their rosults are 

SUt.:..:lal"iaed. in Tables 17 a.nd 18 and show a preponderMI.ce ot ·vhitegrubs 

in tho early plouthed plots• 

TAbid 17• - Numbers of Vlhite0ruba (all species) in earll and late 
Rlo!K!ed Virgin Plots. 

Timo o£ 
,Rloughiy 

Number ot grubs in 140 squore 
yard. Slllll,Pleo at the end of 

Januartal246 

r.JQ3,1945 

19th-20th 
Uovombct:r,l242 

1,269 

Adapted from Mitchell (1946 b) 
... 

TABU: 18. - Pl<mt lo111ses due to wbi tom;:ubs ~n oarly ploughed Virsin 
~nd Second Yeur Plo~a and l~t~ ilo~hed Virgin Plots 

0 

W.toholl/ 

2nd P• 

Vil'gin 

Virgin 

lfa7,1946 
;Ja.roh,l946 

15 NovGobor, 
1246 

'l'ota.l Stand losses duo 
to Wh,i;tearubs 

273 
352 

210 
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Kitchell found that Anomula SP~· predominated in the whitegrUb 

po~ulntions he ro~orded but, with r eferenoo to 'uble 2 of ~his theaiat 

it a~~earo that Anomal~ app. are more likely to 1~ egg$ in tho veld . 
than in ploughed lan... In other words, when the behaviour o! tho o.dul ta 

is oona1dered, t he l~te plouehed plots would bo expected to oont~in more 

gruba. Although ~heee r~aul ts a.ppatu." to ~ ·OOntradiotor y1 tho7 o~tD bo 

nconoil~d in tl1e follOwil\3 wa11• 

(l) ith r eference to Figure 1, it appears that there i a a oonoentration 

ot whi tegrubs at the e(l&e ot tho lt..nd. Thia land was ploughed early, 

before the ohater beetle flight p~riod- and it the beetles l aid their 

e~ge in tbe veld in preterenoo to the ploughed land, ~hose portioas ot 

the land acljaooat to the veld \fould be expected. to have the hoa'V1ost 

intostatiOM• 

(2) This evidence \VaS oorrcboratod by thl'es lines of pes-t samploo t aken 

in another earl1 ploughed land. Table 19 shows that. again, whitegrube 

were oonoentreted. at the eda-o of tho l and. •toreover it appeareci i'rom 

theso aam~1~st and from the distribution map in Figure 1, that, a~ & 

~ough eetimato, the "border etteot" extends fo~ some 50 to 60 teet into 

tho l and. 

TAB!£ 19• - 1h1 tes:rubs in 40 t wo-toot samples of ri9Be at the edg! ans 
¥Xt to ·the eye ot an early-ployhad tobaooo land 

L1n~ No. Within 6o foot of eAs!. veit ~o toot 
1 63 16 
2 40 17 
3 14 0 

(3)/ 
• 
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.(3) It is now pOasiblo to &x~latn Uitoh9ll'e and ~ofte~t•s reoults in 

terms of a "border stfoct"• The plot size usod in these ex~eriments 

w 8 46 yards by ll vurds. Hitohell had his trcatmento (ploughed earl~ 

and ploughed late) re~liauted aeven timea, giving a total of 14 plots. 

~heae .;are divided il!tO 2 blook.e, one of 6 plotil on "loose sandy aoil" 

and tho other of' 6 on "heavy 'IMclJ lonta"• :However these plots were 

arranged, in neither blook would ~ one plot be free from 60 foot 

Jlborder ofteottt• In arq case thar& would be a "bor®r ef'!oot" around 

ov~ ry late plot and this would interfere with adj~oent early ploughed 

plots. A e1m1lur argument oan be put fortard ·11th regard to MOffett's 

results. 

(4) Point (3) explains tno presence ot whitegrube in early ploughed 

»lOtB, but not their numerical superiority. However, the diroct effect 

of l ate ~louehing on the grubs already present mUst be taken in~o 

u.ccount. ''lhitegrubs livo in the top 6 incheo of soil during thoir active 

period and1 a1noo they are sott bodied creatures, they would be liable to 

meoha.ntoal injUry. Uoreovor, plough1 would. ex,Pooe ~em to na1mral 

enemies. Birds can often be seen searching through Qloughed lands tor 

1nsocts, While oGrnivoroua beetles and ants are known ~ ~ttaok oXPosed 

wh1 toarubs. 'l'hus, it oan be e.saum$d that, due to a "border eftoot", 

both ploughod and unploug •ed virgin plots 1n Uitohell ' a and !offett•s 

experimonts were 1ntooted w1 th comparable ftwn~ers of grubs by mid-November 

and that, due to tho lo.te ploll8hing, there wail some rod.uotion in '\be 

plots uo treated• 

( 5) In tho ovi,poai tl on experiment (Table 2) , there t'Tas no border effectt 

but the plota were 1solutod• one trom another, by conoreta partitions. 

The/ 
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1'he 1nte. enoe that can bo druwn is that the bordor ef£ects in early 

ploUghed lands are due to the diffusion of ~tos~be ~rom the unploughed 

border. Th~re is no gradient £rom unploughed to ploughed land and the 

theory ~evolo~ed on movements in step gradients sugbest o 'hat ~ 

whi tegrubs in the unploughed veld and near to the plou5hed land. may woll 

orooe over. If the lrm<i has been ploughod long enoUgh for most of the 

origin~l vegetation to hetve rotted down and. disappeared, these p-ubs 

would have to move oonsid.era.bly to obtain all the food material they 

require , and thus a region of the plo~hod lMd o.djaoent to tho unplouahod 

veld will become popul~ted. 

In a moisturo gratlient o:xpet-1ment in thioh the lo.rvne were mar od 

With po.:tnt, some of these were found to have tr.avelleO. towards the 

optimum through more than one foot of •oil in one hour. Hence 1t would 

be posaible for whitetlruba to travel aome 60 feet into a plo'U8hed land 

within twQ or three Months. 

To eumr~ariee, al thou,gh oarq ploughea. land muy have whi togrub 

intostations in a 60 foot border roun~ the land1 late ploughed virgin 

land maT have an infestation throUghout tho 'vhole lBnd• ith aeoond or 

thit."d yoo:~: le.rul., the 1nf a'tat1on will u.ep&nd on '\he amount ot vegetation 

preseht during the be tle' s flight period. If the soil is b~d and bure, 

it mq be even leoB attro.ctiv~ to oa..;laying females ·than U it is 

ploughed (Table 2); but with a heavy weod cover, the position Will bo 

muoh the ssm.o as w1 th virgin land• 

2./ 
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2. BOI.L f.itRTI ... ITY AND LARVAL ACTIVI'l'l 

The amount ot Ol'go.nic matter present in the soil d.otermine• both 1 •• 

attraotiveneso ~o egs-l~ing chafer beotlee and the aotivit1 of ~ 

whi tegru'bs in it. If mM\U'O 1a s,pre~ on a land before Nove1ribcrt tho 

beetles will be attracted to it and it will be more likely to contain 
' 

whitegrubs. At tho same time it haa been sugg sted that whit~bs do 

not •ove as fu.et in soil a w1 th a high oontont of orga.nto m~tter. Howo-<ter 

tho firat influence overohadowe tho eocond since it is a matter of 

common observation that ~ho ohanoe of white6 rub d~ to tobaooo plants 

is increased by mauuring, Certainly the oattla kraal lnnd, for which 

the whitegrub diotribution 1e map~od 1n Figure 11 containo~ mn~ more 

\ hi toSTubs than ac1jeoent ·norm~l lunda and the to'baoco in. 1 t was more 

heavily ~ttaoked in oonaequenoe. 

Second And tlUWrd year tobacco lands contain lee organic matter than 

first year (Virgin) lands.· Howo~er, with early ploughinct it a.ppeors 

that few beotlea vdll bo attra~ted to las e~o 1n a land whether 1t is 

1n the £iret, second or third year o£ oultivation. Most of tho whitegrubs 

which oecUl" in it will have moved 1n trom the surrounding veld, Md their 

num'"rs will not be sretttly intluencoa. by the age of tho land. Ilowever, 

tho soil i ·, secona. and third y&~ lblld~S will be poorer in organic metter 

than in i'irst year lunda &ll<l it is sug~eated that aD¥ whitogrubs present 

will tend to move about more. If ~hie is the case the tobaoco will be 

more likely to be tound and attacked. Thio would ex~lain the contention 

ot mnn¥ tobaceo growers that second and third. yoar land is more hoavily 

in£eoted With whitejJrubs than first 7eu land. Aotuelly the infestations 

•ay be just the same, but the aot1Vity groator in the former. 

3· TIMS/ 
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It has alrea~ been noted that whitoa~ube reach tho third inetar, 

and begin to d~age tobacco seriously, by tho end of December. Data 

on tho relative damaao done to tobaooo planted at five( different ~ates 
:paga 41) 

in a heavily intostod land is giver. in Table 20 Bnd Figura 14• The drop 

in dt1JJ1860 in tho lttSt planting n•as c.tue to tho oeeaation of tes dins by 

some of ~he larvae which had begun to turn into the ~ro~upal stage. 

J.dvanttJ.6e oannot bo '\aken ot t hie drop as srowiJ'l(t oondi tiona are 

unsuitable tor tobaoco planted this l~te. However tobacco planted at 

the beginnillJ of lfoveJilbtr normall;r ,yielde muoh more and is ot better 

qu 11 t7 than tobaoeo pla.nteu in l ate Deoombor and •1mul te.r1&ously 1 t will 

sutt~r loes than one ti1th of the soil insect damage• 

TAB~. 20 - Plant looses oaused by whitosrubs 1~ Five ~obaoco pl~nttns•• 

lOth IOVCQbel" 

24th Novombor 

8th Deoember 
22r.d. December 

5th January . 

Plnnt lotJeGa 

a: 
19~ 
25!t 
51~ 

25t 
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VI. '!'HE :BEHAVIOUR 0)' .·U!'l'EGRtiBS I .N RELA'J.IION 'l'O INSECrlCIDtl:S 

To determine the r$l~tive etfeotivenose of a number of inseotioidea 

in oontz·o.lliDJ •· o;va.eioollia le.rvao, larvae were .Pl~oed in ~atohes 1n 

l lb preaervins jara oontainina soil mixed with the insecticides. It 

weu~ foWld tb· t w.i thin tb.e oonf1nes of the j t>.J:>e, eTen small ooncontrationa 

ot insootioides oaused total rno.rtality, although tho r ates ot inaeotioiclll 

aotion deponded on tho oonoeltrf.\tion. Howver, in all jars 1tl which the 

soil h d be~n treated, a oortain number of larvae oamo to the surface of 

the soil1 whereas in the control pots all rem~inod Within the soil· 

loreover the n~bors found on tho surface ditfored With tho different 

inaeatioides, ahowing that some of these had a gre ter repellrnt action · 

than others. Tablo 21 summarises tb sc ~sults. 

T BLE 2l• - f~r cent Anomala OR&oioolli$ l~vae re~e~lod by concentrations 
2f inaeot1oid~8 savtna oomparable mortnlitz ~ates 1n an 

~ncletsed. apace 

0h.loz·,t r. ...JlUl 5 or.. 50 
?arathion Suoponsion 25 
B.~.c. Suspension 21 
Toxapheno Dust 71 

D•l>• T. Suepension 62 

Control 0 

2./ 



- 50-

2• WHrflEGRUB Dn}'.t'RIBUTIOJi IN lfh.L 'fiON TO J'~IELD TRIJ..l.,S 

The erratic distri~tion o! whitogrubc in the soil causes cortein 

cl.:iJ.i'iottl ~ioe in mokine; aoou.ra.te estimAtes of' tl10 e.ti'octiveno&s of 

inseotioJ.u.e - tX'&f£tments in the field. Struight oou.nta of tho numbereot 

pouts ~r aent in soil sao~les, or the nuubere ot pl nto attaokQd givoo 

littlo indic~tion of tho cf~eotivoneoo ot tho treatmentt all thut ia 

obtaino~ is an ~n~ication of the nur~ber of survivors from an unknown 

orig1ru..l po:pulu:Uon which might ha.vo bG()n big or om&l. 

One methoa of tre~uaont aosecsnsnt ia to s~ple the po~ul~tion 1h 

over¥ ~lot b&for& anu efter tro~tmont (Uitohell 1946 b). Ho over 

inseotioidea t~& no~l¥ apDlied around each indiVidu~l pl~t and where 

an inoeotiQ1do has a marked repollant action it mey protoot tho plunts 

w1. thout killing JtaO~ larvae• V.Ot' over 1 t is possible that come 

insoctioidos inactivate larvae for oome oonaider .bl& time bofor~ they die 

{~ffott, 1947) and it ia not alw~s ensy to distinguish betwoon an 

i~otive and an aotive white~b· 

It ~ppoars e~sentiol, then, to l~ out 8 control plot ba the eide of 

everJ treated plot nd to oom~are tho two. If ~all ylots are used and 

it can be a.osumod. that the initial inaeot e.oti vi ty i s tho s~o in a.dj!loent 

treated &1\d untreu. ted plots, then a. meat3ure of initial s.oti vi ty in 

obtr.ined and henoe oi the drop in t.Otivi ty as:..ooiated. with b.o ·:;reatment. 

, This mothou o~ tre tmunt aaseo~ment has b$ n discussed oluawhero b7 the 

writer ·(U11Gs, l953) and has proved succoastul where other m&t~oda havo 

fr -iled due to the erro.tio whi tegrub distribution. 
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VIIo Su UlltY 

T~ larvBO Qt Anomela opaoioollis (Per), of Uelolonihtd ann ot other 

Rutolid ep~oios, ~tteok tobacco 1n Southern ~hodeoia, ~d are more 

commonly celled "fhitegr-ubon. Wh.itegrub.s c.r.re widespread in tho 1.1and.velc1 

areas there tobaovo i f.: grown and, at the 'l'rolawne.v Station of the 

1obaooo Reseoroh Board of Southern Rhodesia• where this work was done, 

A• owaoioollis waa the predominant epooiea. 

An aooount o£ the one year lifG cycle 1s givan. 

The adults eat the loaves of various indigenous troee and an acoount 

of an ex_periment on the tood. preferences ot A· opaoicollia adults 1s gi-ven; 

and the main fo()d aou.ro&s 1n th• Trelawney area arc listed. 

An experiment is described whioh shows that the beetles prefer to 

lay tho11 .. eggs 1n th& veld or 1n me..nurGd. broken land rnthor than in 

normal ploughod l:....nd.fh 

Tho larv~e ~re erratically diotri~1ted in lanuo an~ exporiments,on 

larval movement CU«t,est th~t this i mainl.Y due to oonoentra tion ot the 

larvae at disorote conoentra.tions ot organic matter in the soil• The 

tempera-ture ana. moisture oondi. tiona of the top )It o~ aoil nre tound to bo 

those which .a ttraot the larvae. It ia &\18 ,o#ted. that tho la.rvoo pro:t'or 

and move to soil which eontaine the lo ,ost amo~t of moisture whiob keeps 

the soil air spaces eaturatod. l~ ap~e~s that the preferred temperature 

docre~so~ with increasing soil moioture oontent and it is ousgeoted that 

this is due to the roe~ir~tory require~nts of tho larvae. 

Soil ,pll, oompaot;Lon a.nd fert~liser oor,tent. anu. the prosonce of vlunte 

do not appear to influence larval movements. 

A/ 
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A theo~ is developad oonoerning the mechaniem of movements in the 

soil and it 1o Pu ~gested tbet, in the absonce of a oontinuoua ~adient; 

the apoed. but not the. direction ot movomen~ ia intluenoHd b¥ oondit1ons 

to which tho larvae ~ sensitive. Evidence in sup~ort of thie theor7 

is given. 

StudiGo on the surviva-l of larvao a.t diff'c:-ent soil mois ture contents· 

and tem.t~ero.turoa ahow that conditione 1n the top 3n of soil are not 

likoly to b& lethal in s;p.1..'\e o.f the hi(th. 'tefllPe~o:tureB and low moiature 

contente found there. 

The r elation of hite.grub behaviour to agric~lAtrnl ~robleme 1s 

clisoussod• Other workers publiehed evidanoe ind.iou.tifl« that early 

ploughed laade were attraotive to Vhitegr~baJ this ~s shown not t o be the 

oa.ao and the previous evidenGe is .l'G-int&l"preted. SUeh lands tend to 

contain ooncentr tiona of whitegrubG round the bordors. Tho reason for 

~his ia disouonod and it 1• sua ·ested that lands shoulu be ploughod early 

to oon£1ne whitogrub infestations in tllis manner. Soils low in fertility 

through re.veated oul t1 v ·cttion aro oom;M:mly bolievod to oontain more 

whitegrubs th~n virgin soil• Uowever, behaViour studies augaost that it 

io the ~otivity anu not the a1_. of the po~ul~tion wh1oh is ntfootod by 

ooil :tertili t.r• · 

The time at wh1oh tobaooo 1o plahted is ~wn to determine the extent 

ot subsequent whi tegrub dama.ae• 'l'he reason tor this 1 ... to be found in 

the life oy0lo of wbito4~ubs anu the results of an o~p~r~ont on time ot 

planting in r~lati~n to wbitobTUb d~ are given. 

SomtiJ/ 
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Some i l,eectioides are shown to be more repollant than others to 

A·opaoioollis larvae and the influence o~ this tnot on 1he aeeessmen1 

o~ soil ineaoticide effectiveness in the field is dtsouased. Reterenoe 

is ma~e to ~ method developed by the writer for the det ormination ot 

1nsecticite ~ffectivoness und ·r the conditione o£ erratic Whitogrub 

distribution whiob normnlly oo~ur. 
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