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Technical Bulletin ~o. .J-55 XO\'embcr 1934 

C01l'l'l.:D STATES DEPAI<'ilE:\T OF .\GRICl:L'ITRE 


WASIl [:\GTO:\, D. C, 


THE EUROPEAN CORN BORER AND ITS 
CONTROLLING FACTORS IN THE ORIENT 
By CUAltLBK, A. 01,,\111(, 1 (,,~,~isl(wl enlo///olo!lisl, IJiuision /If ('('real a/td Porage 

insec/s, Hur('au oj 1~l/lolI/()l(/{I!J (furl f>lant Quara/ltine 

('OX'I'E:"I'I'1l 

Itactl. 
JI i!.(ory Ilnd ~COJl" or ('om·hon'r J1ura~It(' ill\l'" j. lIiolOI(I(' d ('onlrol/inl( f;!('lorsor Pyra'I.'1I1 ""MI;;'''!!!' 
~ntrons in tht. Orlenl 1;:<1 in IIw Oril'lll C(lJltiJl1wd.

Ucogrnphit'ul hOlJndnl"k'~\ (~Iill1Ht(', and agri('ul. .'/krouuNtl'r libi,,/is Xccs 22 
ture or tht' SN'I ions sl udil'd .1/l(IlI/elI" spp 2~ 

Jupnn Ii ...\JfI('rt)rt'fllru~ YlfIJf'll,'iil) A~hJJlend ~:! 
Chosen (Kol'l'i!J 11/ IJrucun fltrknrnt.'~ (SJtlil II) :?:! 
:.rnllchurin I,) Ut'fll1t'uil/ fm.v,iotilllltl (Buls.) \"uillt:!llInn !n 
Tnlwnn (1'01'1110'''' • 1/ Ih.rUIIIl'fIll"t lIIaidiulluli.,' ~tl'iJll'r ~a 

Uistrihuljoll. 11 11111 Iter of ~('IJ('I';ltilHlS. hUt! IICI~t PltflfO(Jt'l1("' ~p 2a 
plnnts of Pyrtl/("Iu 1Il/liiluli" ill 1h,· ()rit'lIl I~ Stint/lOp;" :)111 sit.IIlIll11lor Thuuhcl'.!-! !'!·I 

Distrilmtioll or LIlt' ('onllwl'tlr ill fill' ()rWIII J:! TridlOllflll" rmlplw/r)('mri,'( (·('hida. ~fi 
~uJlllwr or gClwral iOIl~ uf 01(' ('III'n bol'l'l' ill JJrurltJlIllf'rill ""fJ/Ot'fH (\\'t·~twood} ~,j 

the Orien!. I~ IJlm'Monlls!'p 25 
Climatel:\"pl) nnrl it~ rt'!ntioll til 1111' numhp[' HiI'd.. ~r. 

or genernlions annll:llij Colle('1 ion Ilwl sllll)lll('nl. of {'Orn·hofl'r parn-
Principal host plunts of tllP ('tJl'n IUJI'I-r in ~~ ~ 

1.n the Orient J'i .\!(ri('niturtli and 01 hI'" "rll('til'c" IIlrcctin~ till' 
<:'lliologicul contr"lIin~ flwtol" or l'yrult,,11I 1I1Ibilll. ('Orll hOi'llI' a~ 
m lis in the Orieul. . ). llan'(lstill~ nnd processing hemp 3~ 
.-- Trichogrnm7lw sp 1'/ IInrvesting- nllt! the uses of p:rnin sorghum

I,ydel/n grise.,et'll., R, f) IH or klHJliauJ,! :t!! 
Ncmoril/" /In,,,I/., FiliI. unci ['ltnroeerll en'clu Ilnn'csl inv it"li~(J 3·[ 

CO" ... BumiJou poll'S ns bCHIl support.s . aI 
/;ulilltllcriu all;"" (Ell. and SII('h(.) Fnrlll tiispoSIII or ('rIlP dcbris.. :q 
Illanola/ll /lUIlc/oria (l(onlUll) ~uUlmui·y lind ("IHll'lu,;iuns. .. _ _.... ::J5 
Crcmasius jlumorbl/al/s (CIlIIIl'roll' I,ilcratnrc elled........ _._ ..____ ..___________ • 30 


STORY AND SCOPE OF CORN-BORER l'ARASITE 
, INVESTIGATIONS IN THE ORIENT 3 

TIlY('sfi\ nlion:; of pU.)'l1sitps of tlH' g\ll'opeHJI ('01'11 borel', P!I/'(lu8ia 
1lIlbl:lttl-i->i-. ~ H bn.), ill till' Orient wert' fll'gllll in t11p spring of H)~S, ",11('11 
\r. B. ('nl'twl'ight wus SPill to .TapIIll by t11(' Blll'cnu of i~ntollJ()l()gy of 
tilt' r-lIitNI StIlU'S Depn!'tJlH.'nt of Agl'icllitu)'(', COI'l1-bol'(,!, dnmllgt' 

I Th~ wrlWr wishes to expl'ess hisllllprceilllioll of the Hid reecil'"d rnlln I). J. ('Hlrrer, In l'IlIIrgc or ('Orl)' 
hurcrrcsenrch In the Cnilcd Stutes, in lito prcpnration or I.lte IIlnnus('rilll. K. \\". Buhro(,k, or lit., 'I'oledo, 
Oltio, corn·horer Inhoralflry, mude IIl11ny 1",lprul su~ge~tions lind his nssislullrc wilh the prepnrHliotl or the 
SCt'lioJ) on Climnt~ Type nnd Itl:i Helulioll to I.lw NUIIIIll'r of Gcncrul.ions Allnunlly is I!rnl.cfull)" lIckuO\\' .. 
ledged. 'rhe wriler is indebted to Philip I,uginolll, or the 1\lonroc, Mich., corn·horer hihorlllory ror Il~sisl· 
an~e in conncction willt the lliuslrnliolls, 'I'he gelleral oulline or this hulletin is slmilur 10 thllL )lru\'iousl~' 
used by 'rhomllsoll nnd Parker (J;!!).' 

1 ltnllc numhcrs in IIllrcnthcses l"efCI' to I,iterllillro Cited, p. ;l!i. 
3 Officilll cooJ)t'ralion lind COII/llcl,!,· 'I'hrnughoul, Iho period (/urln~ which ht\'CStlPlliolls were conducted 

in the Orient, the Ilnrellu or I,ntomology of the r.fl. Depllrlmcllt of A~ricull.llrc rcceh'cd tho whole·hearted 
(!nOpcrntion of Jtllln~~ JnpflneSt~ (lntOTllol()gi~IS. flj.!rnnomisl..'{, ami others cllg:ul!ed in studies of t.he vnriQus 
)llIl~eS Oflll!ril'lIitUrt', gpal!e docs 1I0t prrlllll, 11I<'lIl.iOl' hy 11111111' or nil or 'hosc' 11'11 h wholl1 contucl wus mad<,. 1 mt. if: is a pleasure to 1J)(,lIlioll here C Hlllllhl'r of thUSt' who I!TIIIlH'd IlI1Il1Y fll\·O[:-;. 'I'ho Inh~ I. KUWUIlH I 

then in chargc or t.he cllt.olllol()~lcul inl'l',<ti~lIli(lns of liw I mlll!rini (J(J\·crtlnH!nl. of JnjJlln, W'l~ cnnsi.Unliy 
accessible nnd conlrHmled In 1I11111Y WllYS to the su~cessrul cOllduct of I.heso invcsUgntiolls, L'. AkiYllum, 

7ZQ53°-3·!.--! 
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had bCl'n rceordl'C1 in JlrplUlPRe literntu n' for n.L 1(,lIst :if) yellrR prior to 
that time, and some adult specimens of P. 1wbilal'is eolll'eted in In,pltll 
hadbel'n rcceiYCd Itt the Adington, :Mass., labomtory from T. R. 
Gardner, who was tlwn located in Japan. 

During the first 18 months of his stay in the Orient:Mr. Cartwright 
WIIS engllged lllrgely in making official contacts with ,Jnpanl'se entom
ologists and in travel to illyestigate the distribution of P. 1l"llb'ilali,~ 
nnd the distribution and rl'lati\'c abt.lllcliUl(,(, of the pnl'asitl'R of this 
insect that wel'e dis('oYeJ'NI. During this ]Jeriod he Ilnd his Ilssistants 
iIlYestiglttcd conditions l'Platiyl' to the ('orn borl'1' ill the J apllnese 
archipelago, including south('rn Hokknido, Honshu, Shikoku, Ilnd 
Kyushu Islnnds; and in Taiwan (1:1ttrch 1£121)), Chosen (Korl'n.), unci 
.Mun('huria (,TUlW and July 1(20), III l\lureh 1£)30 MI'. Cartwright 
yisited the Oldnl1'Na (Loo Chu or Ryu Kyu) Islnnds but found no 
P. n1lbiZalis. 111', Cartwright wns in charge of all corn-borer investi
gil tiol1F, eond uet('(l in tJw Orien t by tlll' Burenu of Entomology frol1l 
th(' time of his arrival in the spring of Hl28 un til he I'etur.lll'd to thn 
United States in August 1030:1 During this pC'l'iocl of uPPl'oximntcly 
2 years and :3 months, 572,26U eOI'll-bol'l'r InrVlll' con tailling 5 ill1
pOl'taut species ~Lydella [ll'iSe8CeIl8, Gl'em((,~tus jl((l'ool'bitalis, l\{((CI'O
centrus gif1lellsis, 1nareoZala punctol'ia, and Nemoril1ajloralis) of pUl'a
sit.es, anel 873 ndults anti co('oons of 6 spl'cil's U\Iicl'ofJ(l8iel' tibialis, 
E"1.ilimneria allcae, Cremast1l8 jlal'ooJ'biialis, Plweogenes sp" 111(1l'eol(lt((. 
punctoria, und Brachymeriu I'uptoeael of PUI'uRitps, including foul' 
Rpl'cil's not ('ontained in the hORt lUI'\'lle, Wl'I'l' shipPl'ti to t]1(' enited 
States. 

'The wrih'l' wns Sl'lIt tl' ,Jnpan in S('ptl'mlwl' 1n2U lind wns nssocillt('c\ 
with l\11', Curtwright until his elepnritll'C' for the Cnitl'ci Statt's. The 
writer was in ehnq;p of eorn-bon'I' iIlYl'sti~utionR ill Ihl' Ol'ipnt from 
SC'ptember 1, 1U30, until tlw ('ondllsioll of tIl(' ill n.'stigations in thnt 
ureu in ,Junt' 11)82. .During this luiter IH'l'iod I11l1ch more pmphasis 
was plnced on the ('olll'ction 1111d shipm('nt of pnl'tlsit(' material than 
had prt'yiously I)('ell possible, "'ith lh(' r('sult lhat 2,018,875 <'01'Il
borer la.I'Ya(' eonlnining R speei('s of pnmsites, and 1U,232 PILI'IlSitl'S in 
thl' ('0('0011 01' nellll!: stages \\'('1'(' shippl'ti to lh(' United Stutes (tables 
Gflnd 7). The ill('J'('IISPc\ size o\' tlws!' RhiplIH'lltR OYPI'lh(IS(, of 1}J'pyious 
yl'HI'S WIiR mnti(' pORsihl(' by 1Ill' ('xplorntor), illn'stign.tionR I)J'('\'i()lIs1~r 

in ('h:\r~e of 1,llInt·qunrnnt.ine inspee(ioll work ut Kohe, kindlY olTered lh(' IISC of II i:trgl' luhorntorr lind 
omen roolll in the Kohe Plunt QIIllrHntinc Rtiltinn nnd Cllstolll Inspection 11011«' frolll the in('Clltion of 
these ill\'"sti~ntions until II! urch JO:lI, whcn thl' roOIll wns needed for II~C us 11 hon~ylJl'e-inspcction Inhorn
tory. Mr. Akiyntn" 0150 mllde his lihrary 1I\'uiuthl" lit nn;' time. Llurin~ th(' peri(ld wh('n stUdies were 
heing mode in Kyushu Islnnd, the men nt Ihe Kumnmoto A¥ri(,(lltllnll I';xperimcnt :-;wtion were of very
,:!rent assistance. ~. 'I'unji lot the director ur thiS experiment sUltiont Y. Koba is the cntom(l)og:i~lt nlHl 
'1'+ ]"ujirnntn is the 5tnlionll~ronoJlllst. 'Phcs('. three men were nlwnys enger to IlgSiSL In nny Wily possihl('.
During the spring nnd suuutlOr of 1D2S n roomnt the experiment stlltlon wns lIl.ule ""oilable fOr('nl'lI-hon'r
parHsite ill\'esti~ntions, In the spring of 19:11, und ngoin in IU:l~, Mr. Fujimoto nrfllnged for the planling
nnd cure of n nllml)('r of fieldS of helllp for use in connection with corn-horer ill\','sti~lltlons. '['hrough the 
kind efTorts of G. OkHjilllH n laboratory room at the Imperial ('ollege of Agrlt'ullllre (tl K.lgm;hlnlll wll" 
mnde llvnilnble for the summer of 1!I:1t. l\lr. Oknjtmn IIlsu nccolllpllnlNI the wril.'r on ,t trip in soutlwfII 
Kngoshimn Prefecture. BOlh he HUll II, i\lUflltll. plthc Imperinl Collev;e of A~rlcultu,.c, gn\'e \'IIIUllhlo 
nid on R Dumber of oN,nsions. ~. 'I'nknhnshi, director of the agricultural expcrimcnL st:ltion III. Shnrnn, 
('h()~en, grnciously supplied the use of Il room HI. his "xpcriment station during October nnd XO\'crnher of 
1929, Mr, '1'aknhnshi nnd M. 8guchi, the stntion entomologist. gn\'e nil possihle IIssistiln.:e on numerous 
occasions. A. Hamann, director of lhe cxperimcnL stution tit (11l1l~ Chin~ J'I'SLIU. l\Iutichurin, aideu mil· 
tcrinIly in the invcstigntiorls. .\1. Y'lllng-iwllrn, nn cntOlnol()~ist of the· slU~HrcaIlc cXlwrimcnt stntion at 
Shinkwu, '}1mwnn (F'OrIll(Jsn), spent many dnys assisting ill corn~horcr sf udillS ill southern 'r.liwfln durin~ 
1n2U, HI:m, Hnd Hl~H. Kuowledge acquired or the ('urn borer nut! it.."l pnrnSilf."S in this region r('''llllt.~d largely'
from studies cOll!hl!'tccl or "lreNed hr Ihi~ clllmlloloHlst. IJurlll~ April ulld :'Iay 11);12 he lll'comfJllnied 
the wrill'r on an ill\ est.ig"tionlll trip "ntl t.hus "n"hled him tI) sccure live pllrtlsites for introductioll into the 
United Stutcs. l<"illully, ~rnlerlll nckrwwledgmcllt is lIlado fir the ns:;i~tHncc rendered by ~1.. Yoshiknwn. 
y, Goto, "nd M, Sm.ukl, Japllllese Inlerpret"rs lind assistants, who.;c induslr;'l\lId faithfulness conlrilmted 
IlIr~~ly tel the slIccessful conduct of these investiglltitms. 

• For 1II0:e detniled inforllliltion concerning thi~ curlier period, sec Cartwright (5). 
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('ondu(~tml by .MI'. Cart",tl'igh t. In ndditioll to the foregoing ship
ments, 12,000 eorn-borer la1'vae, eon tnining the importun t pUl"Ilsites 
Lydella. yrisesce'lls R. D. and CI'emast118 jlazooorbitalis (Cameron), were 
shipped to the, island of Guam on December 7, 1930. Seyenty-seven 
adults or two sp('('ies (Xallthopim]Jl~l stemmatol' (Thunberg) and 
Tl'ichommn cnaphalocrocis U('hicllL) of pal'llsites of the borer pupa 
were su(,(,essfully brought by the ,"ritCt' to the United SULtes from 
'raiwun in June 19;)2. 

GEOGRAPHICAL BOUNDARIES, CUM.ATE, AND AGRICULTURE OF 
THE SECTIONS STUDIED 

For cOHYcnien('(' of rcfcl'cm'e til(' 11l"l'nS studied hlL\'e becn desig
nated us scetions, l'neh of whiC'h is difTl'l'ent fl'Olll lLny other in SOlll(\ 

wny, either in climate, ('rops, .I1umlw1' of generations of the com 
horer, pal'flSitcf found, or ill S0111e combination of these features. 
Thesc scctions, shown on the n('C'oll1pnnyillg lI1!lpS (figs. 1, 2, nnd 3), 
IU'P liS follows: In ,Tllpn.n, Kut('hall se('tion OIl Hokkaido Isllll1(i, 
C tsulI()mi~rl\' and Hiroshimn s(,(,tions on HOlls1lu Isltmd, 'l'okushill1a. 
seetion on Shikoku Island,KullIamoto, Kokubu, ;',liyakonojo, !tnd 
.\so sedioBs on I\:Yllshll Island; in Chosen (Kort,n.), Heijo Imd Ka11ko 
se(,tions; in Mllnehllrill, Chicntuo spetion; and ill Taiwun (Formosa), 
Taiuan s(>('tiOI1. 

Climatological data for tlw fOI'egoing se('tiol1s am givcn in tubl(' 1 
und climogmphs for ('ach urf' given in JigU1"f'S 4 nnd 5. ReC'ords for 
Sapporo, Kngoshimll, }'liynznki, Lung Ching TSUIl, and GC11znfl arc 
giYell for Kulchnl1, Kokubu, 11iynkonojo, Chientno, and Kanko 
sections, I'('S (wet i\"(~1'y, sincc lhey Kerf' the only rceords available 
and are believed to be fairly l"cpresentati ve. 
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FlGru}o: l,·"-tikCH'h IIIl1P showillg (·ountrh.·s 	of fhe Orient itl whic.1h corn-hOrl'J' iIlVC!.;tif!atiolls \n're ('011
fhH'lcti. 1!J:!.~-a2. 

SEA 

.0 

PACIFICo 

OCEAN 

~'Ir.l'It& 2.~-Skctch IIIHJl showill~ ~t'rtiolls ill .'a"all ill whi('), (Inrllsitc ill\'c,;ti~nliolls wore t',,1I1i lIl,t cd, 
102.~-:l~. 'l'ho sorti<llls (illciirntcd Ill' ~tf(l"i1I1VI nil" Ih~ !'nrre"(Inlldilll: t'lilllovrnphs (fIvs.., IIlld f» arc 
:lS rollows! Kutchun, .. 1 (~lIpp(lroJ; VtN(jllomiyn, U~ llirnshimn, C; Irokushirna, n: KUIHIIIIlOlo, 8; 
Kokllbll, Jo' (Kllgoshllllu); ;II iyukollnjo, a (ill iYllzakJ); .Isu. 
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FlOnn: :t·~Skt!leh JIIOp !ihOWHlt! l'ic('liuJls in l'illllChuriu, C'tlo:o:eu, Hud 'l'uiwl1l1 in which parnsito iuvcsti
~I\tiulls wore ('oll<!nctcd, W:!S-:\:!, 'Phe ,N'tiuns (indicn!cd hy stl\lpllny:l llm! tim correspon<lillY: clilllo· 
~rnphs (fiJ.t. 5) nrc nS follows: Ih!ijo. II; Klllllw, J (Oellzlln); Chicntno,'} ll~l1llJ! Chin!! '1':;11111: 'rnlllUll. I':. 

'I'ABLg 1 -Mean temperllturcs awl precipitation 'in 11 COl"ll-l!ol'erSl'ci'ions 'I:n the 
Oriellt, (tl,~o 'in I adtllUol/ullo('uUty '1:/1 Japall, lIud 1 locality 'in the United 8tal('.~ I 

111 \;jAN '!'g:-'lPfmA'!'UllgS 

'  c i I.;g >. ~ ~I .. ;~ ~ OJ 

~E ~! ~.g 2]1: q\~ ~Ii:~ ~ r 
~	~ L~!~. ~ .~.I':;. .:; I.:: ::'..,,0 i~ "':"....2_ 
iY1I1/I- :: 1 I I I' 

I
b!'r o"'·loF.t ov. 0,,'. 1oF' !o/>'. 0/0'. i OF. 0/0'.0/0'.: 0./0'" OF. of. 

KUlchnn - ! ..~, as 20 '1'''! l ~I ,\2 51: f)\l un ~ HH m, 4n iai 20 ~ 1. 25 
C"lsunomiytL H 

(' 
:~a I;$!i afi f ·i I ~~ o~; Qi 74 in fin ~ f)S r '17 a7 !H. os 

Il iroshimu.. .lfl I ·10 ,1.1 "" r,\ , I. is HO i:l 1i2 ii" 4:\ I[,~. ·12• 	 Kobe .... : 2i 1.10 ,10' ·Iii fofl In'l ! 7n is 80 70 1l3: fJ:J 44 5!!.'J3 
'1'okusllillili. [) I :j~ I II III I 41i 5; (H i I is 80 74 Hot M ,Ui 1 fiB, 5-" 
Kumallioto J<: j :1:\,·10 ·12 ,IS [h~' fif> i2 iU S I i4 Ii~ fkI 4a i r.f/, sa 
Kokubu. p I as: Hi 4U fil (tl' Inn t 72 70 80 I iU i tin 

I 

fl7 ·18 I02. 17 
1\liyukollojo U :lS ! ,14 41\ 52 II Ofl I mi 73 7n ~o \ 75 'lin .in ,17 01. 112 
/Ieijo /I J(j 17 I Zl a.I!.II), no I (in 75 70 1 on : r':1 :ii ~2 48.42 
Knnko , HI 20 2H an,·1II i rh~ fii 1 7a 701: (iO ,50 ,12 ao I 50.42 
Chicnlllo 	 .1 I Ii 112 27 I 45 l [,7 07 7a 1 .!! 1 (il ; 47 27 12 42.17I 

'rUinlln. 	 f( 2i Ii:l 112 Oi Ii·1 ',' ill j' iii ~2 i RI SO. iii, il 05 73.012 
J!rndenlon. "'Ill 	 !H li2 IiO iO I iii ,80 81 i 81 I 80 I 75 i 07 61 71.07 

._~_'_~J.,....J_ ~__t_I__,_'______ :_ 
:: I 'Phe dnl.n for thl! plntes in lito Oricnl" CXl'Cpt. Chientno, were obtained from thu ('entrnl ~Iete(JJ'ol()J!i('tll

OhBl'n'(I\or)', 'I'ok)'''. 

2 tiel\ IIgs. 4 (\1\(\ f•• 
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TABI,}) l.-lIIean te'/ll'Jle1'llt·II.l'r.~ null /l'l'l'cipi/o/io/l. -in 11 I'OT1I-!ml'rr s('cllo/ls in liw 
Orient, also in 1 add-iliolll1l locality i'll .J (I/IIJIl, (wd J lO('(llillJ i'll IiiI' Ulli/ed 
I:3lales -COlltinued 

I' ImCI Pl'I'A'I'lO:-.' 

" ';; l! '-'---~-I----,I --~-II ~ -
Section or ~ til 'E ~ ~ I ~ w 2 2 ~I 
locnlity 	 0 s... ~ ~ 3 ..:: ~ E ~ ~ E E


.5 c! '"" :::! Lot ~ =2 ..;, !l) ~ ;, 3 .3 e l8 QJ "§

C 1r.J § ~ oS I c. ~ S '3 go 0 ,0 Q ~= 	 e:: _____1_~~2~~~~ ~ -2-~~_~_~______ 

'~~~I- In. In. In. l1L. 171. 171. III. In. hi. In. In.' In. In. In. 
Klltplmo________ A as!l.!l 2. D 2.4 2.2 2. "12' 0 !l.·1 a.9 5.2 4.1 4. a a. U :1.31l 40.:1 
UtsUOOll1iYII._ .• I3 a:J 11.4 2.4 ... 1 4.S 0.1 ?Ii 8.0 S.I! n.D 5.0\ 2.7 1.5 5.2'2 02.0 
lIiroshlll1l1 __ .. " _ C ..... 2.0 2." 4.!l (). 0 0. I II. 0 R.7 4. I 1 7,8 4.0 2. (] 2. I 5.0:1 00.4 
Kobo...... __ '" 27 1.1l 2.2 !l. Ii 5.0 4.n K 2 Il.O .1. 0 7.7 ·1.0 2.0 I. 0 4.40 m.5 
'l'okllShill1l1 ..... J) :12 1.11 2.0 :I.U 4.0 0.0 7.R 8.0 7.7 12.8 7.0 a.5 2.2 5.74 OS.!l 
KUlI1l1l11oto .. '. B :J3 2. ,I 2. S 5.0 (!. ~ (I. 5 la.7 II." O. a o. (] 4.!l 2.7 2.2 5.80 70.!l 
Kokubu....... P 381 a.a 3.0 0.1 Sol 8.5 15.U IJ..I 7.2 7.11 5.2 a.7 3.,1 7,(() 85.2 
MiYllkonojo...... a 3S 12.8 4. I 7. a 11.2 HI.O 15.2 II. a 10.7 la.·1 1l.1 ·1.1l !l.0 8.42 101. II 
HeIJo......... _ /I 10 .0 I .5 1.0 1.7 2.5 2.8 !l.S H.I 5.a I.n 1.0 .0 !l.oa a,j.~
Knnko.~ ....... J I!I 1.4 1.:; \1.7 2.11 :l.5 5.0 lUI 12.5 7.7 :l.r. 2.8 .!1 4.r,~ 5,.tl 
Chientno........ .J .... ,,1 . .( ,2 .5 S 2.1 a,1 a.7 3.R :1.2 1.01 .n .2 1.07120.0 
'l'nlnnn....... J{ 27! ,9 1.5 1.1; 2.5 y•., 'il~.~ 12.7 I1l.8 0.5 1.5 .7 .5 [,.51 1 on. I 
Brndcnton, ~'In ......... : 2.81 a.o 2.:1 2.2 .l.l, I,~ IO.~ 11.2 7.3 a.o 2.0 2.5 01.02 5,,4 
_____ ~_.__._.. __ ..i L.... .. .!. I, 1 

1 See figs. 4 nmi 5. 

The orientflilahomtol'v fol' th(' study of tll(' ('OI'1l bOl'er wus loc!tt('d 
in Kobe, ,Jnp!tll, nne! clirilnlologicnl ('('cords for thnt city nl'(' induded 
ns n IUntter of intel'pst. .' 

JAPAN 

Kutchnll s('ction (fig. 2, .<1) extends from Knrihuto on the slluth 
to Yoiehi on the north, nnd from Kulchlln, Ow lllost impol't.nnt ciL~r 
in the section, ensl to '\Vnkikntn.. Th(' winlers IU'e yery cold, with 
flU flVel'!tge mean temperntUl'l' of 24.3° F'. for thC' 4 months of DecPlll
bel', ,In.nu!try, Februnry, nncl :Mnl'ch. Tlw pl'P('ipitntion Ilvel'llgos 40.3 
inches, whi('h is well distributed throughout tho yenr (fig. 4, .<1). 
Usually from 3 to 5 fed oj' snow fulls durillg thp wintN months. 

Pole bpnns, the prineiplll SUIllIll('r host of the bOrt'I' in this spetion, 
!trc grown throughout. tho Kut('hnn section, bUlllboo poles being 
used for supports. In vnl'io\ls locnliti('s lllallY young l"tppll' orchards 
!tre b('ing set out and bpans 11I'e plnlltpd lwtw(,pn tllt' tre('s. 'When 
these trees reach full growth therc willundoll btNlly he a decrl'nse in 
the production of beans with n cOllspqllcnt r('(luetion in numbers of 
the corn borer. Beml llwcl is grfidllltlly hl'ing tUl'lled into riee fields, 
nlLhough 5,000 !tC'res nre still plnnted to polo bplU1S. 

A tottll of 5,200 1I1rVIH', obtainpd Itt 7(lItchnn, Wl'rc spnt·, to the 
United States during Nowrnbpr 1~)28. 

U1'SUNOMIYA Sg("I'JON' 

The territory c1minec\ by the River DaiYIl in the conteI' of Toehigi 
Prefecture hns boen designated Utsunomiya s('ction (fig. 2, B). 
This extends !'I'OIll Nikko to Utsullomiya nnd is in the cpntel' of the 
hemp-proc\ueing nrea. 'rlw Iwnllal .menn tempemtlll'e is 54.08° Ii'. 
find the precipitation nvernges 62.6 ineh('s 1)('1' ),Plll' (fig. 4, B). Hemp 
(Cannabis sath)(/. JJ.) is the prineipal host plnnt in this seetioll from 
which eolleetions of P. nubilali8 Ilnd its pnTasitl's were mndl'. 



7 EUROPEAN CORN BOHEn IN ~I'RE ORIEN'l' 

A total of 195 specimens oJ Plweo[Jelles sp. in tIl(' adult 01' pupnl 
stage were shipped to tJw Unitl'd Stn.tes from ;,his sedion. 

• 
 IHltOSlIlMA SgC'l'lON 


Hiroshima seetion (Jig, 2, 0) is loented ill the southern purt of IIon
shu Island, the main island of Japan i it extends inland from the eity 
of H.iroshimu, to the bordel' of Shimltl1e PI'C/'t'etUI'C !U1d ineludes the 
towns of !vliyoshi, Iimul'O, lWei Knkl'. This is also n hemp-growing 
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FIGUltl~ 4. C'limorrrnllhs (or vllrious St'cliOIlS or Jnpnll: .1, KlIl('hnll (records (or Hnlll'oro); H, ('1~lInOrni)'II;
C, lJir(}~hinm: /), 'I'okus\limh; /I':, KUlllnllIOW: /0', Kokullu (I'tIl'ortis (01' Kugushilllu). 'Numbers ill tho 
gruphs illdicnl() the JIIonths o( tho yenr. 

sertion, although it is sllie! that thr production of this ('I'OP is decreas
ing. III the limul'o IO(,llli ty of this section t.he l10mn lode fJe.mmel'lnis 
meridionati8 Steinc!' pltl'llsiti.r.ed 31 percent. of the ('ol'l1-bore!' Inrvlle in 
the summcl' of 1930, The ('lillll1te is mild, with Jupe Ilnd July the 
wettest months (fig. 4, 0), No live pUl'Ilsites o\)tninc.{! tn this section 
were SOil t to the Uui ted States. 
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TOKUSlIlMA f:m(''I'lON 

1'okushimn, seetion (fig. 2, J)), in Tokushima Prei'P('.tul'e, on Shikoku 
Island, lies alollg the HiYer Yoshino, north find west of the city of A 

1'okushimlL, The climat(' is mild and the mininJl is '~'elf distributed 
throughout the' gl'owing senson (fig. 4, D). This is HI(' main indigo ~ 
(Polr/gonu1n tinctof'inm Ait.) s('ction of .1 n.pnll , altholli!:h n. smnlla('J'llngo 
is planted to tht' lTnp iII 8011\(\ 0111l'1' 8(>(,tiollS, 

No pnl'llsi\',('s oblHilH'd in 'I'okllShillltl ~w<'ti()n W(II'(I shipPl'd 10 t.he 
rniu~d Strltl'S. 
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I'IClUI!f, 5. (,lirl\()grn)Jh~ for \'nrJolJs s"f'IIf)Jl~ fJf II", OriuJlI: (J, .\U)'ukfllW!O (rN'ortls fllr MfYIl?nki); II, 
lJeijo 1, Knuko {rc('ol'<is for (lti rl7.HU); .J I Chil-nlHo ~I'<"l'nnls (til' LUll!!: eh fH! T~t1IJ}: K, '1'lIilllHL :'\11111· 
her~ I'll tim ~mphs lutlil'lIll' tlte Jllllllth< 01 I Ill' ;-ear. 

Kll~I"~I()'I'O HJi)('!'IO;': 

Kumllmoto Sl'l'liOl1 (fig. 2, I'.)) (,lllill'nC('S II slrip nJong tjw wt'stt'rIl 
shon' ol'Kyushll Islllnd I'I'OIl1 Ollluin, to Hitoyoshi nnc! (Ixll'nds nhollt .r 
20 mill'S illland, This iii !L lowlllnd <listric'! Hod tllP I}]'('eipitntion is ksf' 
thnn in the 11101'e sou Uwl'ly Koklll>u lind !\l iyu kOllojo st'diollS, but the 
summer telllpl'l'tttllrps 1lJ'(" liS hig;h liS thost' of l\okllhu or Miynkonojo. 
'l'he I(vcnlge lIIl'lln Ll'mpt'I'Iti.tIl·(' 1'01' tlw yenl' if' 59.8° F. (fig. 4, E), 



EUROPEAN CORN BORER IN 'l'HE ORlEN~r 

?lJilIt't and h('mp are grown in this section, th(' hemp being especially 
nbundant in the south(,I'n pnl't of tIl(' section around Bitoyoshi. 

A total of 1,O(j2 roc'oons of 0l'C1I108t1l8 1la1'oorbitalis (Cameron), 10 
adults of B7'achyme'l'?:a c'uploea(3 CVYestwooci), nnd 2,500 hostlal'vuc con
taining r, jlal'ool'bitali8, LUdella orisescens R, D" IUld A1acrOC(311trllS 
gijllensis Ashmead were ohtnillt'd inKllmnmoto st'ction nnd shipped 
to till' P nitt'cl Sfatrs, 

KOKUIlU SE("I'ION 

FiJtet'1I miles north or till' city or Kll~()shill1l1 tJl(\l'(' is U nUl'J'OW 
Ylllley t'xtellding 20 mil('s inlII 1I<i, ;'''ith Kol(ubu ns thr principnl village 
(fig, 2, F), The soil in this vn.liPy it-; wpll fith'd fOl' growing Lounrro, 
lind this is the' impol'tnnt cllsh CI'Op grown in th(' endy sj1I'ing Ilnd SIUll
Iller, Tobnc{'o is w:lllnll)' followed hy milkt, n rll\'ol'it(' host pl!lIIt or 
Ol(' corn hol'(,(" No figu!'es n1'(, Itynilllbll' to show rOI'l1-bo('('I' illfcstn
tion in millC't i:n (hit-; ,:nllt,y, bllt 534,400 ('ol'n-bon'!' lu!'vllc we!'c eol
]petcd 1'1'0111 millet grown ill this !-l('ction dlll'ing the wint!']' of 11):3I-:~2, 
'I'll(' ('limn.tt' is WIl],ll1, Uw Jll('nn tr:m1)(,l'HtU('(' n\'('I'l1ging (j2,2° .F" and 
tIl(' p!'ecipitn.tion 85,2 inch('s pt'l' YPIlI' (fig, 4, ]1'), '1'hr soutJl('l'I1 pltrt 
of' KYllShu Islnnd which includes Kokubu S('('(iOll is OJtt'Il visited by 
YNY hellYv windstol'll1s in (h!' Ir1tt' Sllmm('r months, These storms 
f;olllrtil11cs' sNiously dnmngr (TOP!'; nlIeI mny c\!'sl!'oy ('OI'II-bol'el' II1I'"n.(', 
nlthough 110 inro!'matioll wns oi>tainpc\ on this subj!'ct., 

A totul or 5:Hi,400 IUI'\'IIt' (including 2,000 fl'o/11 Kngoshinm), ('on
taining in(/I'eo/ata 7JUllctol'i(( (Rollln.lI), Lye/ella fJl'isescells, 0"em(/8tu,~ 
Il(/l'ool'bitalis, Jf(fCI'O(,e71t/'l/8 (fU1/{J)/8i,~, Nemol'il1a floral'is Fallen, ILnd 
'PhoroceNi ('f'ecill ('oq., w('n' shiP1Wd frum Kokllbll sc('tion to the 
l'nitl'd StUtl'H, us shown in (nble 0, 

MI)'AKONO,IO SIW'I'ION 

~Iiynk()n()j() sp('(ioll (fig, 2, 0) is qui(C' Himilul' to Kokllhll seetioJl, 
l'xc'ept thul U.VC'I'ugt' yt'uriv P!'C'eipitUtiOll (101 indH's) in thC' fOl'llwl' 

.,.. ('xcC'l'ds thn.t in (/1(' Int Il'!' hy I 0,R illelWS, Miynkonojo st'etion hilS n 
g]'elltt'l' nnllunl p!'t'l'ipitut.ion thun nny otlw!' st'('tinn studied, ,Jl1nlllu'y 
it-; tlH' ('olciC'st month, with It Illt'lln U'Il1]H'J'ntlll'(' of 44° F" Ilnd Junl' is 
til(' month or gl'pn.tl'st ('uinfnll, with nn IlVl'l'Itge or 10,2 in('hes (fig, Ti, 
0, Ilnd tnhh' I). Almost nil till' ('(lI'n-bon'l' stlldit's lind pll.rllsit(l ('01
I('('tlons hn.\'(' h('pn mllck on n ('lritiYlIled tnhlt'llInci Il.bou(, 25 milt'S in 
din.ll1l.'tl'I', sit ulltNI Wl'st of tlw t'ity or Miyakonojo, .lvliynkonojo S('('
tion ('x(ends f'!'Olll tll(' intl'rio!' ho('(lp!, of' l\liYJly.nki PI'dcctu!'e, to OJ(' 
S(,Il('OUSt, lInd cOIll]>risl's thl' t('ITito!')' d!'JlinC'd' by UH'Rin'l' Oyodo Itnd 
its tl'ihutJll'i('s ill ~1iyny.llki PI'<'i'C'ctu!'l' (fig, 2), App!'oxill1n.tely 7!'> 
1)l'I'('l'llt or t1w nmhle Il1nd of' (his s('dioll is giV('1l oye!' to millet pro
dul'tion ill UH' fnll of the yen!', and it is frolll this host plnnt, that (n:cl'
wintering i>,lI1lbilalil:l 11I!'\'1I(, WP!'C ('olIe('(ed from 11)28 to H):32, 

A tot.ul of I,0(ji),8UI) ('oJ'n-hort'I' Inl'vlle' ('ontuinincr Lydella {ll'i8eSCen8, 
Bl'([con atricol'ni8 Smith, i\1acI'OCelltl'llS fJi/1lellsis, r'remtlstu8 jl(ll~ooI'M
faLi8, und Nemol"illafloJ'al'is, wPI'e eoll(,(,twl in l\Jiynkonojo s('etiollllnd 
Hl'nt (0 tlJ(' lfnitpd Stull'S (tn.hlp (j), 'l'wt'lvp thouSILnd lal'YIlt' shipped 
to til(' island of Ciuum ill Dpt'PJI)bl'I' IH30 w('!'e also obtnined in this 
sceLion, 
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ASO SECTION 

The Aso section consists of the hilly country aJ'ound Mount Aso, in 
Kumfimoto Prefecture. This section hils fin ('le\'lItion of 2,000 to 
4,000 feet, wheJ'('fis Kumnmoto section in the snme prefrcture is only 
50 to 500 feet nboye sen level. Conseq nen tly Ilt the elryfi tions prcYfiii
ing in Aso section, crops fire grown which lire not cultivated in the 
lowlfind. Tcn !;housnnd ficres Ilrc annually plllntcd to field corn in 
Aso section, but; com-borer infestation aye1'llges 10 pcr('ent oj' less nnd 
nssocirtted borers nre ttlso present. 

LlIdella, gl'isescens is the most importnnt pa!'!lsite of P. rmbilalis in 
this section. No pnrnsites were obtained in Aso section for shipmcnt 
to the United Stntes. 

CHOSEN (KOltEA) 

HEI.IO SEC~'ION 

I-Icijo section ('onstitut('s that pOI'tion of nOl'thw('strl'll (,hosrll, in 
Brinn Nfin Do Pl'oyincp, bc(werIl HlP Riv('I' Sris('n on {he north find 
the Rivcl' Dltidoku on the south, Ilnd extends inland from the shore 
of the Yellow Sen, to {,he town of Tokus(,11 (fig. 3, lJ). 

The !'!liny senson in this section occurs in July and August, with IlIl 
nvcl'llgc pl'ccipitation of 17.f) indws for th('sr 2 mon ths. Thcl'(' nrc 
18.5 inehcs of min during tlw OUI('I' months, mfiking the totfil l'Hinfnll 
36.4 in('hcs PCI' y(,lll'. Tlw wint('1' monUul fiI'(' ('old, with nn nVC!'!lgc 
meltn tClllpcrntul'(', 1'01' Deecmb('r, .Junllllry, !tnd Frbnllu'Y of 20.7° F. 
(fig. 5, H, lind tnble 1). G1'l11n sorghuIll is tlw ('I'OP from which ('01'11

bOl'cl' hU'YIW Ilnd P£11'11 si t('s w('r(' pl'ineiplllly obtnirwd. A tofnl of 
:358,400 host In.l'YIW, eont.llining principlllly A[acI'OCentI'718 rr[f1tell8'is, 
\\'(,I'e collected in Hrijo sl'('tion lind S(,llt to til(' United Stlttes (tnblc 6). 

KANKO SECTION 

Knnko section is Oil the opposite eO!Lst from 1Ieijo se("tion (fig. :3, I) 
find horders upon the ,Jnpltll Sen., extendmg froJll Gen7.nn !Llong the 
(,O£lSt to ,Jokko. "~inters nre wnrmer £lnd S1lll111lCl'S slightly (:Ooler 
than those of the IIeijo section, nlthough the Iwemge melln tempe1'l1
tlll'Cfl fo}' the two seetions n.re nppruximately the same-betwcen 48° 
Itl1d 51 ° F. The pl'ccipit,£ltion here is 55 inehcs pel' yellr (fig. 5, I, and 
tables 1 nnd 2), As in the Heijo section, gl'llin sorghum is the most 
important host souree for lnryae of P. 11mbilali8. A totl11 of ] ,600 
Inrv£le. were ('ollceted in Kallko section nnd shipped to the United 
States (tnblc G). 

MANCHUHIA 

Chien tao scdion (fig. :3, ,J) i~ locnted in southeastern ::\[nnchlll'in, 
just north of the Choscll-iv[all('h III·in boundnry, and includes the cities 
of IJtll1g Ching TSUll (HyuslLisnn), Yen Chi (C'hII t7.ulmi), !Llld N!LII 
Yang Ping. 'I'he tp.I'J'itory illYPl:itignLcd int'llId('s It strip ollly 10 or 
15 lI1il('s wide on Plwh si<l(' of tJH' rllilroad beLw(,(,1l Uw nhovc-Illlllled 
three ('ities. C'hientao sedioll is eh nl'ltc(' ,·i7.('(1 by \'(,I'y cold, cll'}' 
winters !tnd ('ompamtiy('ly WItI'Ill summers (fig, 5, ,I, Imd table 1). 
The totn.! Hnnun) pI'e('ipitl1tion is only 20,0 ill('hes ill nO]'IJ!Il1 yenl's. 
SOybCILllS, millet, nnd gmin sorghum (Imolinng) lLrc the llIosL Il11portallt 
crops. 
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A total of 621,175 corn-borer 1ltJ'vlte , with fIi)!l1 8 to 18 percent 
pamsitized by Inal'eolata lJUnctoria (Rollll1n), Itud 18,795 cocoons and 
adults of Eulimne1'ia allcae (Ell. Itnd Sltcht.) Itud 1l1ic1'O(laster' tibiali.s 
Nees obtained in Chientlto section were shipped to the United Stlttes 
(tables 6 und 7). 

'l'AIWAN (1"OI!MOSA) 

The TlLintUl sertioll (fig. 3, ]{) is t'onsidcl'ccl to be thut purt of the 
('ol1stul plain of southwcstel'l1 'L'n.iwun extending from the vidnity of 
Kl1gi on the north to K.eish u (south of lIeito ) on the south, 11nd from 
the sel1('ost on the west to the fool', of the Illolllltnins of the great 
cen t1'nl l'I1llge on the ellS(;, 

Conditions ill TainlLll sertion lI,)'e vcry difl'el'ent in every way from 
eonclitions ill the other sectiolls sLudiecl,6 The elill1l1te Jie)'e borders 
on the tropicul, for the seetioll lies helow Lhe Tropic of Cnncel'. The 
Itvernge meall temperature II.t '1'1I.illlLll, Iletl.l' the ('e11tel.' of the section, 
is 73.40 F., nllci JoJ' theG hottest tllOllths, l'vfny 1.0 Oetooer, the Itvemge 
is 79.8 0 F. (tlLhlc 1). PJwipil.lLtion is high, Il,vel'fl,gillg 6Q.1 inches per 
yellr (fig. 5, K, I\.lId t.ahlt' I.). The 5 summer months from .MItY to 
September receive 80 PO.l'{,(,l1t, of the Lotltlrll1llfldl, nmi the 6 months 
from C)etohe1' to 1:[nr{'h l'ec('i\'e G.7 inches. 'L'hullrie1'st01'1I1S 1\.1·e 
chnl'actcJ'isti(' of this region dllJ'ing tho SlImmeJ' senson Itnd nre I\.CCOIll

pn.nied by \'CJ'Y hCIL\';\, tJ'opi('ld downpours. The section is situlttecl 
in thc typhoon rcgioll ILIld cn.eh yeltr is yisited by olle 01' more of these 
hpILvy windstoJ'ms which often clLuse tremendous dlLll1lLge to ('rops. 
Typhoons occur ollly ill the SUll11ller 1l1Ont.hs, plLJ't;iculI1J'ly dUJ'ing 
August n.nd Scptelllher C'lillln.t.ie ('ollciitions in 'l'liinlLn section closely 
rcscrn hIe those cxii:iting in ('ertain portions ofFlo1'idn, ILnd the elill1o
gl'l1phs for 'I'ninlLn, 'I'u.iwu.n, und Bmdenton, .FIIL., l11'e very similnr, 
nlthough 'L'lLinlLn is slightly cLrier in winteJ' 1L1le! wettpr in summer. 

, 
Agricultul'e in this sct'tion is ('ond lI('tecL by Chinese (who constitll te 

the grenter pJ'oportion of the populu.tion), and the prirwipnl ('ro))s 
h'1'own al'c ['i('c, sugl1l'(·ltn('., bltn/UutH, I1nd sweetpotl1toes. COl'n is 
grow:n ill sll1nll fields nem' the houscs, chiefly for clomestie conSUJllp
tion, I1nd 1110St of it is gl'OWU during the period Feb1'\lIlry to June, 
u.1 t.hough small 11(,l'elLges of eOI'll lLl'e present nt almost any other time 
of the yel1l'. Coeolluts, PI1,PI1YILS, /lolld other tropicnl fruits 1!J'e well 
adlLpted to this region. 

A totHI of 77 I1duLts of two plL1'Hsite speeles (73 Xa,nthopimpln 
siemmator (ThunbeJ'g) u.nd 4 'l,'ric/wmma clulphalocl'ocis Uchidn) were 
sllccessfully tJ'tLllspol'ted nlivo from the Tuillllll sc('tion of Taiwull to 
the castol'11 PlLl't of the Unitod Stntos. 

j The IIII/)Its of tho corn horor In Tulnllll ~erLlo11 SCOIIII.O dllTer frollllhosl' exhihltlld in Iho other scctlons 
in the Orlen!. und in tho Unlled HI.lltes. ,\1. YIIII,,~il\lIrn. lin ~nt()lIIololdsl. of lhe W~lIn'"IlO oxperilllcnl,
slnlion. sluted lim!. COrrJ-horer e~vs II'cn~ Inld 011 Uto uppcr side of Iho eorn lon\'os us "fi,'n us on the under
side. Youll~ IUrl'lIo IlPflllrenliy flrstnLl.Ilt'k t.he lIlSsols lind t.hen IIII~rnle dOll'lI tho sl.nlk us in olhrr sections. 
since the tussel WIIS hrokclI OI'cr hui IIsulIlI)' uulnf"stod whon cXlIlllililltlons werc IIIl1de. Lllto III April 1\132 
mnllY fourth-nnd flO h-Inslllr IlIrl'tIO wero fuulld outSide t.he /'ll1l1t ul the huse of tho leM bludo or botwcen tho 
IrJlf shonth lind Iho stnlk. PUPUI! were found m the SI\IIW oeuUoll, Althou~h this l'hellotllenon hus heon 
noled durlliV. lnvestignl.lous in th~ l'lIIled Sillies. II. secllle.1 to ho lIIuch moro ovl( onl, 111 '''nill'un. Tho 
Inrvno which were found In tho stlilks uSlllllly hlld nOL LIInnolOlI more ,hlln 2 Inches, While IlIrvull in sor~hum 
in HelJo, Knnko, und Uhlonlllo sections lIsuuJJy Illude tuunels ilL leust 0 Inchc.i long. 
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DISTRIBUTION, NUMBER OF GENERATIONS, AND HOST PLANTS OF 
PYRAUSTA NUBILALIS IN THE ORIENT 

DISTmnUTION 0.' THE CORN HORER IN THI~ ORlEN1' 

PyfG,Usta, 'l//ubilalis has be('n found widely distributed throughout 
the territory scouted in the Orient. This includes Taiwan, .JltI~ an 
(Kynshu, Honshu, Shikoku, nne! HokJmido Islands), Chosen, and 
Manchuria, and embraces the nrea extending north and south from 
the 43d to the 22d pttmllel of latitude and enst !tnd west from the 
120th to the 143d meridiltn. No (,01'n horers were ('ollected 01' received 
in shipments of inseet ('olleetiOllS 1'1'0111 the Okinn,wIL Islands, which 
lie about half-WILY between TILiwan nne! southern Japan proper. 
Corn in the Okinnwas is said to be very severely damaged by borers, 
but nppal'ently this injury is not by P. 'I//llbilali8. The COl'll borel' 
also exists in the island of Guam Imd in the Philippines, lLnd hILS been 
found ill J aVIL.6 

Because til(' (,(jI'll-bol'cl' inv('stigntiol1s in the Ori('nt covcred such n 
lllrge nl'en. (Inl'get' than the entit·c Infested a,rea. of the United Sta,tes in 
1932), tl'lwel fn.cilit.ies in some sections wel'(~ slow, the number of 
trnined workers wus small, lind the number of sea,sons spent in secur
ing dlLta. wns limited, n.nd sim'e it wa,s necessfl,J',v to place emphasis 
upon othOl' p1lns('s of the pl'Oject, no sustained efl'ort wus mn.de to 
obtl1ill sensonil,l-history datu. on tIle com borer under field conditions 
in anyone section, For this reuson the con tn,ined information on 
the llumhe.r of grm.3rn.tions is subject to revision when morc detu.ilpd 
studies arc made. The infOI'llut.tion obtuirwd, howevcr, will give 11 

l'ensol1a,bly correct idea of the number' of gcnemtions· of the COl'll 

borer orcliun.l'ily occurTing in nil but olle of the sections studied. 
In Kutchn.11 section of Hokkniclo there is usuully but Olle genemtion 

ellCh yeul', with It few illdividuuls developing two gencmtions during
fllvomble YO!LI'S. 

Chiel1tno section of 1:l'al1ehul'ia (n.bout on t.he SH,me pal'ltllel with 
Klltc:lmn section) is undoubtedly It one-genet:lttioll ILI'elL, although in 
1082 It few pupne were found ns en.dy liS Api'll 24. 

Heijo nnd Kanko soetions in Chosen should properly be tCl'lllCd 
"tl'fl,nsitioll %ones" between the one-gcneration and two-generation 
('linmties, wi tll a telldency town.rd the two-generation type, 

Utsunollliyn, scetion, in the centrlll pn.rt of the main island of 
.JUpn.ll, is a two-gC'ncl'n.tion a.n~n" with p('l'!lH.pS It partial thinL geIlCl'iL
tion in favomble yeal'S. It is importltnt to note thlLt in this seetion 
moths of the first SUl1llller gonemtion emerge late in July. This will 
be discussed lntol' undOl' Agr'icultural nnd Other Practices Affecting
the Corn Bmer (p. 32). 

Hil'oslrimn seetiol1 and 'l'okushima section 1\.1'e thrce-genemtion 
arens, although in the forlllel' them mn,y be only two complete genera
tions and a partinl third in some years. PnptLtion of the HI'St snmrner
generation lurvue .in Hiroshimn, Ken takes pll~ce ab?ut ~nid-July. 
On July 10,1931, It had reuched .55 per'cent nt Imlll'o 1I1 tIllS Prefec
tlll'e. "In Tokushirnl~ the peuks of moth emergence are late in Muy,
iIl1l1,id-July, and late in ~(lptel11ber. 

I F(lr world III~trlhution or P, 'III/bi/Illi". seo Clllrrcy lind ,,"orlhlllY W. 

'III! 
-ie' 

l' 

"
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EUlWPEAN CORN BORER IN 'rHE ORIENT ]3 

The corn hOl'Crdcvclops throe eomplctc gencmtions and a pnrtinl 
fourth in Kumamoto, Kokubu, nnd Miyn.konojo scctionR, Thcse 
sections should be considm'cd n.s j;hl'ec-gOlKlI'ntioll Incns, as the partin.l 
fourth is usually unimportant, A number of smnll Inrvne are present 
in the fields during the winter months, nnd some of these I1re undoubt
edly immature individunls of the pnrtinl fourth gener'ntion, but some 
of them fire undersized ns n result of pnl'ltsitizlLtion by Cl'ema.stu8 
flavoorbitalis. In 1931 the first pUptl found in Miynkonojo section 
WfiS collected on Mnl'ch 28, A number were found in ApL'il, but 
pupae did not become abundant until May, with the pelLk of pupn,tion 
occllrring approximntely 1:[n,y 20, Probn.bly this I'ccord was tL little 
earlier thl1n during the tLvel'l1ge senson, 

In the mountninous arel1 nel1r 110unt Aso thero are probably only 
two generH,tions each yem', although data from this section are not 
suflieicntly comprehensive to WlLrmnt n. definite stn,tement, 

The number of gcnel'f1tions of the eol'l1 boror in the Tnil1!1n section 
of southwestern 'l'n.iwn.n is unknown and 110 /'ensollitbly IW('U/'ILtc 
cstimate cnn be given, From supel'fieinl observation it u,ppCllrs tllltti 
sevol'n.l generations devolop eaeh yonI', All stngeR or the borel' elln 
bl' found late in Apl'il, although lI,t this time the 1Illljority of thn 
individun.ls 1\,/'(\ in the 11tst larval 01' in the pupal stnge, 'l'hcl'e h; 
probably no true hibernation of the bore1' ill this III'On., 1'01' the nU'lIn 
tempel'lLtlll'e of t,ho coldest mon tIl, [l'Obl'UII/'y, hl G2° F" whiell is 
n.ppl'oxinmtely the same ns the ,) Ulll' men n tl'1ll pOl'ntu1'c in )'Iln.ssa
chusetts, 

CLiMAT" T\,PI~ AND I'I'S Iml,,\'I'ION TO THI~ NUMlllm O~' G1~N/mATIONS ANNUAI,I.\' 

The different types oj' eO/'Il-boret' S<'llSOlllll histo/'y, r!lnging 1'I'om onn 
gcnel'11tioll ullllunUy to tl· J11l1Lti-ge/wl'lttion eycle of develop.ment, (\.1'(\ 

nssoeiatecl wi til Ulnl'ked elivt>l'si ty ill dimnte, Cel'tn,in climn.tie 
e1ltl.l'nctel'istics of diffel'pn t tl1lnunl-c}Tcle zones ure prosented in tabl£' 2, 
The association bebvecll the llllfnber or months wi.th n. normu'! meltn 
tempel'lLtUl'c of. GO° 11'" 01' u.bovc, and the llumbel' of generlLtions 
1U11111nlly is evident, '1'11(1 I'n,ngc in both th£'s(>. J'eu.tllf't'S is (,lenrly 
shown in table 2, f/'Olll Kutchull with olle genomtion t,() 'l'n.inH.n with 
several genomtions n,nllllnlly, . 

TAIJI,I~ 2,-CUlIllttiC il/.(l-i(~('N oj (/Uj'r!l'ent .~e(/.,wJ/wl (~!Jcl(',~ oj /Ill! I?II"/'O/}('(W COI'II borf'r 
in lilt' Or/ell I 

'f· .....~- . -~~on~hS wllh '-----1-;r·,rIP;(·: 

I (,lilllo~rnph '(I~n~l'Iltlons norrllnllllC1l11 Norlllnlmcnll.l.I<1n,C OClohl'r Rcct.inll (11 .. U 5 II teJIIP.I~rnt.nro ItOJIIlll'fIlt.urc; gs, IIU ) i nUII,UtI Y o( \lO. F, 01' o( Murch 10 "/url'h,
IIhovc Iuclu~i\'e 

·--·"-1 
NI/IIII,rr ~V"lIllJrr 0 P. [lIrhr,~

r. Kutrhnn•• A I a ~>().li.,2. Chlcntno... , .. ' ,J I a. aa, Kflukn•.•. I -2 ·1 II,S
-I, Uelju ••• ,. .., II -~ r. 11.2 

l.I 2 r. 17, I~: }H~(I~~I:I::::~!~:.. . (' 17.5-a II 
7. 'I'okushllllu._ /) :l fI 21. i 
S, KUlllllluoll1 I~ a Ii 111.4
9, Kokuhu.,. . [.' +:1 i 2£., II 

10. M IYllkuuojo ..• (/ i-a 7 :11,2
11. 'PninnIL..... [( (I, 1 11,712 ! 

'.'.__.,..... -.... -----.-------~
1EXllct nUlllher lint kUllwu; III,s~lhly ·1 or more, 
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The data in column 5 of table 2 substantiate the importance of 
the use of the mean tempera,ture of Jvrn,rch as I1n index to climates 
inducing a given number of genern.tions annually. 

The avernge precipitation during the dormant period for the 
I-generation and 2-genern.tion types of' climate (sections 1 to 5, 
inclusive) is 11.8 inches, while fln fl,vcrage precipitation of 23.1 inches 
(almost twice as much) is n,vailable during the dormant period in 
sections with tlll'ee 01' more generations (sections (j to 10, inclusive). 
This contact moisture during the dormant period may be of import
ance in meeting the physiologicall'equirements of the In.rvne (1). 

As might be expected, precipitntion during the dormant period is 
not always the mont important activating influence. A compttrison 
of the climatic datn for lVliyakonojo lLnd Tninnn (tn,ble 1) indicates 
the lessening in importance, unclel' these conditions, of total precipi
tn,tion as an index of the number of genel'lltiolls Itnnunlly. Sume
where within the rH,nge of climates between these two, fL" illustrated 
in climogrn.phs G nnd K (fig. :j), the tempcrature would be sufficient 
throughout the YCitr to foster the development of scveml overlapping 
generlttions. Where this condition of continllous developmen t 
occlilTed, the lack of precipitn.tion during n.ny sel·ies of months 
would pl'Obllbly be l'efleet.ed in n. lowel'ed mte of liU'Vfll sll1'vivnl. 

In order to visunlizo easily the association betwccn climatc typc 
und developmental cycle, comparisons have becn mn.de between the 
normal climates of important scctions in the Orient and the" stanciUI'd" 
110rmu.l one-generation climate type ns lIsed by Babcock (2) for the 
centrn.l European C01'l1 bel t. 'fhese data, liS presented 111 table 3, 
have been compiled from the meteorologicn.l du,ta contnilled in 
table 1. 

TABLE 3.-Climatological data on com-borer sections ,in the Orient compared with 
the one-gelleration area of Ihe cent.rlll-Buropcnn corn belt used aiS n ,~tandard 

-----------;-_._....•.. 

lJevilllioJl from "stulHlnrci" 
Ii Slnnduni" 1
p;enerntlflJ1 (·Ii· 1 

IJItltt~ type Kulchllll lTlsunOllli~'n KUllllllllOlo 
(I ~elll)rutinn) (2 generntiomi) : (:I f!cueratinns) 

:~:~r;;;~:JI' pre~illi. 'I'CJIlllcr-: prc~~iPi~ ~I:~~-t~per~; 'Prccipi- I 'rempera Preeipi; 

niurc In lion IIlure Illlion IIl11re Illtion I alure : lalion 
------.-. ---i--- -----------,--- ! 

~-~---- -- - -'--T 
Oetoher, !'/u\'emher, Ilml Dc, I o Ii' ' Inrl'rR o p. I [11"',r$ o p. [lle/'I'" Q F. Illehes 
ccmhc~·.. _~ ~ __ j .11:2 I l.SI! -:l.n +2.21 -HI,I -I-1,:1I -I-II.~ +1,J8

JnnuflQ'. Fehruary, nnd: I I1IInrch, .. ____ ...... ' 'f] "I l~a2 -!l,g -1-1.41 -I-2.S -1-1.18 i -I-!l.~ +2,()S
Aprilllnd MIlY __ _ 57::1 I 2. ·IS -Ill,!) -,1:1 -1,,1 -1-2.97 -1-4,1 +;],92
June, July, nlld August .. . 70.S I 2.47 -fl, I i +.S:I +1. 5 1 +5.!l0 -1-11.5 -1-8.0:]
Seplembe", .... , ....... .. 112.!! I 2,1).1 I -1.11 -1-:1.10 -I-n.1 i -I-/•.U; I +11.1 -1-4,51; 

i I 
I)e\'iution from i'stnn(Inrd" 

"-.'-.------ ..--.-.---~--~---:-------
n1rnshilllll I 'I'okushimll I HeiJo 

(:I g~ernlions or less) [__ (:1 ~:.:'~r!~i~l~~ _\ (~generations or less) 

'I'empern- , preCillitn'l 'I'emperu- II Precipiln- 'I'em/lerll- l'recipiln
lure lion lure lion 1 ture lionI 

October, Novemher,lInd De- ----;;-;::~1 1"r!IC,' , P. ll~~~;'-'" 0 P. ["ell e.'Q 

cembcr. . _ 'HI.II +1. III I +1:1.1 +2.54 -:J.U -,52 
JnnuIlTY, Fel;rtillry: llnd r I ! 1 

Murch. ............ _ , +7.8 I +1,61 I +1I.2j' -1-1.-18 -.li2 

Aprilllnd l\Illy.......... _ +I.U; -I-:l.87! -1-:1.1 -1-2.117 -.3S
I 
June, Jnly, lind August...... +5.5: +5.001 -1-5.5 -I-5.3U +4,43
September___., __ ,. ........... +10.1 I +5, iii +11. 1 +10.71; +3.26 
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The most lllfl.rked climn,tic scpfl.l'ation between distinct zones of 
I-generation nnd 2-genel'ation habitfl.ts, yill, Kutchnu and Utsu
nomiya, lies in the illcrense of both wnl'mth fl.nd fl.vnilnble moisture 
during the dorl11nnt period liS compnl'cd with the "stnuclnnl." The 
chnnge from n 2-genern.tion to It 3-generation annunl cycle is nsso
ciated with higher tempern.tures throughout the yefl.r. 

The production of It trn.nsition or bOl'derlalld hn.bit of ] generation 
01' 2 genern.tions seasonnlly, ns the wen.th('l" fluctuates, is aptly 
illustmted by the nornlid climate of I-Ioiio. In this clilllltte the 
dormlLnt period is distill(,tly of the I-generation t.vpe, while the 
growing-senson climnte is distinctly wn~l'Ill('r n.ne! wett/el' than the 
I-generation "stnndnrd" type. 

I'IUNCH'AI. HOST I'I.ANTS (W 'I'H~; CORN BOREn IN THE ORIENT 

Hemp, COl'll, millet, :tnd gl'llin sOI'~hllm nr(' tIl(, most impOl-tnnt 
host plants of the corll borer in the OI'it'lIt, although thor(' nrt' !t 
Iluml)('r of othel's, not,ably beans and indigo. A ('ol11plet(' list of 
the host; plants found inf('st,ed during thesp inv('stigations is gin'J) in 
tablp 4. No singl(' spccit's of host plunt is of illlpol'tnncp O\'PI' the 
('ntil'(' Itl'Cn, sLudi('d, nlt.hollg~l millet is found ill nil exccpt onp of 
them. Some host plants, stleh ns lIinniu. lind bUl'I1ynJ'C1 grass, ",el'e 
found infested only II few tin1('s. Cotton plnnts WNt' examined on 
a IHllnbC'I' of u['{'nsiolls in 110I'titwpst;C'1'II Chos(~I1, buL no ('ol'll-bol'e[' 
infestation wns fOllnd, though IHl'vnt' of till' pink bollwol'l11 (Pec
tinopliora flOSS!! jli('Ua Sn und.) \\"('1'(' ('omIl1OI1. 

TAHI.E 4.-Pltl'llls JOllnd 'illjl'sll'd 	by Ihe Rurapl'(l.n corn borrr in Ihl' Orient, 
liJJ8·,"U 

Ctl1l1Ulbi.tf SUli/lll T-4 . ~ 
I"""U/II,' jllfiOllleu8 Sll'h. nlld :'.11('(' 

Cilrystl1llil(IIIIl.111 morifolilllll Hum 

/)1Ii1lia ,."illbili8 JIcsf 

Xilll/;a cI~ywl/.' .In<.'q . . • .. 

PO/YYOIlItIll /)lumd MeislI. .. . .. 

Polyyunu.m/(ll'athi(ulilLlII ,Wtlo,wlII (Pers,) \\'Oilllll. 

Polyyoll/l-l11 [/wllbery;; Sich. nlld %l1e(' 

RIl/lleJ' jal'olliru., M cislI 

]?ayopYTIIIII "u/(llIre II ill 

POlVUOIlUl/Il.·i.~fn.fqtllJ ral,icfJltllJII l\leisn 
Sujll IIltLr (l~.) Piper 
Pha8eo/II., 5))p... . 
ZC(J ·UUI g.O( L ~ . 
Sorghum l'ulycrrr. Jllirs. \'Ilr 

1)0..... , . 
Coil /acr1Jum-jI};.' 1.. ~ ~ 
Sr/arill iltllica (I..) BI1llu\' 
Selarill italic" (lJ,) Belllll'. \'IIr 
Punicum 1fJi!iaceu'III, L . . 
Rellinoc"'o" crll.,yalli cduli, lIileh(' " r
PO/gyOJlIlIII tillclorillm Ait 

CnlUIIlOll Illllll(l 

. 11011111··_·· _... _ 
: Jnpanese hop 

Chryslllltht'UlUUI. 
Dahlin. 

%irlllill 


Doek : 
; Buckwheat..,. 

. t ~o~,.t)ei·lil-
: Beall 

Ai Corn" 
~or~htIJJl . 
,. ,(10 
.1 nhs·t cnrs... 

, 1I1I1i1lll miller . 
, Ot1rmun millt!t _ 
I Broollwofll miller
I Bnrnyard ~rnss . 

Indigo 

.JnpluJese comlllOn 
name 

ASH. 
HoP"'"
Kiku. 

Dnriyn. 

IIYllkulli ,'hi·so. 

Inlltnde. 


l\1 i7.0soha. 

Gishiglshi. 

Ho11l1. 

J)nl7.ll. 
Hnito. 
'I'olllorokoshi. 
HnhllkilllOr(lkoshi. 
l\lorokoshi. 
IIYll7.lldulll!l. 
Awn. 
KOllwn~ 

~l~~' 
Ai.I 

Hemp (Cannabis sativa L.) is gl'ownin anumbeJ' of IO(,fliities tlll'ough
out the majority of the isln.uds of Jnpn,Il propel'. This plant is II. vcry 
important host of P. n71Mlalis in the most important hemp-growing 
Prefeeture, Toehigi (Utsunomiya seetion), in Hiroshima seetioll, nnd 
in the southcl'll pltrt, of Kumamoto seetion. Babcock ILIld V!tnee (3) 
stn.te that. (,orn-borer inf('stu.tioll .in hcmp ('ould Tarely bc found in 
centml Europe i that region, however, is It typical corn-growing belt, 
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ano the horer offers no hindrll.nC'(~ fo ]l(:'mp C'ultiYfltion, Ril1<'e it is eOI1
c.entrn.tecl on other plallts, lIluinly ('om, in preferelH'o to hemp. In 
Japi1.Il the eo1'll borc1' is of dcC'idcd e('onomie illlportnn('e to h('ll1p C'ul
tivn.tion and in some n.I'cns has been rrsponsihle for drastiC' I'cductions 
in the ncren.ge planted to tIlls erop, Clnusel1 (6), in n ('ompilntion 
from In,pl1uese SOUl'(,es, l'eeords P. nubilalis as olle of the insc('ts of 
lesser impol'tnnce on the ll(.'mp erop, but the wl'it(~r'R obs(,I'Yatiomi 
reveal the corn borer flS n, ll1/Ljor, if not the most. important. prst of 
tlus pnl'ticuln,r pln,n t during the pcriod 1929··31. 

The corn borer usun,lly injul'f'~ from 10 to 20 percent of the hcmp 
plants in Utsllnomiyn. scction, but often 50 pel'('ent of the plants in 
indiyidun,l fields nrc dnll111gecl. In Hiroshima sP('tion infrsttltion nnd 
resulting injury nre as high liS in Utsunomiyn :';C('tiOIl, and in KYllSllll 
Island (JIitoyoshi) dnmngo as high ns gO perC'rnt has been ro('orded. 
Infestations ranging frolll to to 50 pel'('cnt ill fields of hemp only 200 
yards n.pnrt were ohs('1'y('(1 oll('h y('i\.l' in both l' tSIIIlOllJi~rIL nnd K1I1lIa
moto seetions, ILnd III though thc ell,usPs of thcs{' Yllrill,tions \\'t'n' not 
deteJ'lllined during tlw ('olll'se of thcst' in\'l'st.ign,UolIs, it, is probable 
tJlnt the cxpi:1JULtioll is to bt' found in diJi'PI'PII L pln.1I tillg dutt's lind 
rH,tes of growth. 

H"H,ns' (PhlLseolu::;) eOllstitute n, vpry important host of the ('Ol'n 
borer in tIl(' Ku telrn,n spc( ion of Ilokknido. Dn,IllHge oceul's yen,rh' 
and is sometimcs seyt'I't'. String bcn,lIs on the .Kobe market we}:(' 
found to 1)(' infestpd, n.lthough no cXlL1lIinations were mad(' to (I<'tel'
mine the intrl1sit\, of infe.3tntion. 

Com (Zen nWlls L.) is!L host of tIlt' ('om h01'<'t' whcrev('l' it is found in 
tht' ol'ientnl regions stlldit'd. Inf('stlLtion YIl,l'i('s gr'rl1.tly, from Vt'I'.\' 
light to sevcre. Com is Hot an impoltant ('rop ill uuy purl. of ,Japan 
propcr, with the possihl(' t'xeeption of n,n 11I'(,H in midw('stl'1'I1 lIok
knido find H.round tll(' 10wc1' ('l('\'ntions of ~IOIIII t Fllji 011 Honshu 
]slnnclnnd.2\IouIlt Aso on KYllshu .Isllllld. Com-bol'('I' illf('stntion is 
lIsunlly ligh t, bu t ill lI. few sC;l.ttt~l'(1d fi('lds i (; mn.y afl'('('t 50 P(,I'('('11 t of 
the plants dllring SOIIl(1 s('asnns, COl'll is infest('d (1ll'lHlghout the dis
tricts wh('l'e it. is grown in Chos('n, hut inf('stution is IIslIltlly light. 
The cxtcl1siy('. eOl'll-gTO\\'ing' se('tion nplu' th('. \\'('8 I.e I'll end of thr 
C'hosell-.Mn,nchul'iu, b~)l'der fillS not l)('el1 studied intensivt'ly. Infes
tll.tions u.s high n.s 100 pel'('t'n t wel'('. I'ccol'(iPd from the cOl'li in 1\1Ull
('!turin just 11('1'O[;S (;11(' boniN' from Ilorthrnstcl'll ChosclI. In the small 
('o1'l1fields of southern '!'ni\\'H.n inl'('statioll by P. 1l1lbi/a/is oft('11 is fiS 
high n.s 100 pcr('ellt, with 3 to 10 or mom borors p('l'stnlk. High 
inf('stn.tions fil't' eSI}('('iull~' pr('nt.\pnt in thc I'n.!l months in Tnkao Shu 
Provinee, possihly owing to cOl'n-bol'(>I' ('oll(,pntrfltioIl, for at this time 
the COl'l1 a{'rengp is 1I0! so t'x tell si \'(' liS in tlrt' spl'ing mon ths. 

An examilliLtiol1 or 7,800 plants 11,t IIcito in 2\ln,y n'YPfded II. 100
percel~t infcstation, \\'ith nn H.\'Nag(' of 1.57 bo],ers pCI' ;:;talk alld n, 
llIaximum of 28 hU'\'Il(' in OIH' stillk, I nfestfl,tion of ('01'11 slightly 
fmother north in th(' yi('inity of Tn.inllll 1'n,}'('I), cx('('('d;:; 60 IWI'(·t"It. 
This difl'erell(,('. in inft'stu,Lioll in these two 10(,lditit's IIIHo\' IH' the }'esult 
of the, n,bundnneo of the pupIII pal'llsite Xu II t/wpi III jllh ::;iemnwtol' in 
the ltLtte}' lo(':L1i ty us ('011 t.rtlst.(>(l wi th its i1.ppn]'t'n t s('i1.r<"i ty in the 
fonnel'. 

Gmin sorghulII (Sorghum, 'I'ulglll'e POI'S,) is grown throughout ~ Inn
dltl1'ilL unci in n01'th('l'I1 ('hosen. It is the plnnt from whi{'h 981,175 
borer la.rvne :llld 18,836 jlil1'u.sitc cocoons were obtnillcd in the Heijo, 
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Kanko, nnd Chientao sections. Corn-horer iniestntion in this pll1nt 
in these sections usually ranges from 15 to 30 percent, with an nvemge 
of approximately 20 percent. The stem of chis pll1nt is strong 
enough to escn,pc breaknge even when infested by 3 to 5 borers per 
plant. 

Millet, principnlly Setaria italica (L.) Benuv., is grown generally 
throughout the Orient, where it is often an important article of 
human food, especially in Chosen and 1\1anchurin,. Throllgholl t many 
regions of the Orient millet is It fltvorite host of P. nubilalis (referred 
to by the Jltpanese as II tLwll-no-mushi II or II awlt-no-zuimushi", mean
ing millet borer). Millet found on Kyushu Island during the late faU 
and early winter months is ocensionally seriously damnged by P. 
nubilalis, but part of the damage must be nttributed to another borer, 
apparently a species of Sesmnia, which is commonly found associated 
with the corn borer in infested plnnts. 

Indigo (PolYflonl1,m tinctol'ium Ait.) is grown principally in TokLl
shima. section, on Shikoku Islnnd, n,lld only nbout 100 ncres are to be 
found in the few places where the plnnt is grown on Honshu Island. 
Cultivn.tion of this crop is mpidly decreasing owing to the competition 
of dyes from other sources. Thus, ill Tokushima Profedure the ncre
age planted to this crop in 1927 was 1,GOO acres, whereas by 1930 Lhe 
area' planted to indigo in the same prefecture was only 700 to 800 
ncres. The "Ai-Ilo-meiehu" (indigo borer), n.s the Jnpnnese fnnners in 
the indigo section refer to P. nubiiali8, infests indigo from year to 
year. One hundred percell t infestation of the plall ts is not IIncom
mon, but because of the brnuehecl habit of gl·owth, nnd the ability of 
the plant to send out new brn.nches in plnce of injured ones, the 
intensity of infestntion lUa,y not cause serious injury unless the nUIll
ber of Inrvne per plnnt is very In.rge. 

Infestation is easily detected when tlle infested brnnches die nnd 
become bluish black in color. Local entomologists reported that 
infestation by the borer and resultant sevenl dmnnge occm\"ed in 
1930, but in 1931 the infestation and danlllge were found to be very 
low in the Tokushima indigo section. 

Other crops and plants, such as chrysanthemum, dahlia, zinnia, 
dock, and barnyard grass, were found infested by P. 1l.1Lbilalis on one 
or more occasions, but they nre not of much importance I1S host 
plants of the corn borer. During 1929 and 1930 seveml examinntions 
of ramie failed to disclose the presence of P. nubilalis in this plllIlt. 

BIOLOGICAL CONTROLLING FACTORS OF PYRAUSTA NUBILALIS IN 
THE ORIENT 

The only controlling fnctors to be considered in thiil discussion nre 
those of 11 biologicu.l nature, including the parasitic nnd predacious 
enemies of the corn borer in its various stnges. Other phases of the 
natural con trol (ns distinguished from "biologieal eon trol" in its 
restricted sense) of P. n.'ubilali8 nre treated elsewhere in this bulletin. 
The climILtes of the sections in which studies were made 1111\'0 heen 
treated in jl,n earlier part of this bulletin, and the cuI turnl control of 
the borer, or the ngricultuml pmctices itffecting its abundance, will be 
discussed in a later section. 

The insect pamsites lind predators lLre important biological control
ling factors of the c?rn borer in the Orient. Many of the pn.msites of 
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the corn borer in thc oriental arCll [1,1'e simUnr taxonomically to those 
found in the Europellll fLrca, although thcre is uJwu,ys thc possibility 
of a different biologicalrcllction in the SHmc parnsitc spccies collected 
from difrerent regions. Nevertheless certnin importn.nt parasites of 
P. 'TIfttbilalis are found in the orien tnl sections studied thnt n,ppnrentiy 
do not exist in the European fnunn" A completc investigntion of the 
corn-borer pnrasite nssoeiation must ineludc these species. A list 
of the natnrnl enemies of the corn bOl'('r rccorded in the O"ient during 
the course of these investigntions is given below, None of the pn,rn
sites found on the islands of Japan propel' 01' on the Asiatic mninland 
luwe been round on the island of Tn.iwnn, which seems to present nn 
entirely different parnsite nssociation, 

Insect 1Jl/.ra,~itcs and other naturul cnc'/l!ic.~ oj Pyrallslu. 1!ubilalis in Ow Orient 

Parasitcs of thc lurnl: 
Diptcra-


Lydclla orisc,~cens R. D. 

NC1/!orilla jloralis Fa1l6n 

Phoroccra creela Coq. 


Hymcnoptera-

Elllilllncria alkac (Ell. and Sacht.) 

I narcolala pH,netoria (Ronum) 

Campoplex, lICW Sp. 

Crcmastlts .flavoorbilali.~ (Calllcron) 

ltficrobracon sp, 

.Microoasler tibialis Nces 

Apanteles Ih0111.1JScmi Lyle 

Allanlelcs sp. 

ltlacrocenlrus o(fllcnsi,~ Ashmcad 

Bracon alricorni,~ (Smith) 


Moniliulcs-

Bcallvcria bassl:ana (Bals.) Vuillclllan 


NeIllatoda-

IIexamcnnis 71lcridionalis Stcincr 


Parasitcs of thc pupa: 

Hymcnoptcra


Phacogencs sp. 

Xanlhopim.pla stcm7l!ator (Thunberg) 

Xanthopi1ll'1l1a ]!,u1!ctala eFt! b.) 

Tricho'llL'l/w cnal)halocroci,~ Uchida 

Labrory~h'lls tcmdcorni.s (Grll Y.) 

Brachlllllcria cuplocaf) (Wcstwood) 


Predators: 

Coleoptem-


Qnc carabid, probably Plochio1t'liS 8p. 

Birds, probably woodpeckers 


In nddition to the 19 species of insect parasites listed above, 3 
additional pnmsi te spccies were collected, bu t their specific determi
nation is not known. These ndditionnl specics, if nctunl pn.msites of 
the corn borer nre not of grent importance since they have been 
infrequ.ently ol;scrved nnd it is possible. tlmt one ~,. n~om of them arc 
paraSItic on borers closely nssoclflted, WIth P. n'Ub1lah~. . 

.As stilted previously, seveI':l~ speeles of (,Ol'll-borer p:n'~sItes found 
in the O"ient werc also found III Europc and haye bceIllmr-~l'tcd to 
the United Stntes from the luUm' n,rea. Pllorkcr (.9) hus publIshed on 
j\lacrucentrll.s gij11.ensis, ulld Thompson and PlIrkcr (13) havc ~tudicd 
and published OIl Eulim'1lerin Illknc, forme'rly. cnJ\ed E. cra~s~femur, 
wlule Vllllce hus studied A1)l/.nlele,~ tlwmp8om. (14) and Alwrog(l.ster 
tibia,lis (15). Jones (7) and ,Jones :l1ld Cafl'rey (8) hn.\'e reported 
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upon the status of these parasites in the TInited States. Some of the 
parasite specie::; found in the Orient are trea,ted separately in the fol
lowing pages, but no biological information iH available about others 
(Oampol>le:r, neW sp., i\1icl'obl'ac01t sp., und Labrol'?/chus ienuicornis) 
which were very rare, only a few specimens having been obtuined. 

THICHOGHAMMA SP. 

Egg pamsites of the com bOI'er in the Orient htwe not been thOI'
oughly investigated, but probably some exist. A species of Tricho
gl'amma reported to be (wstmlicu·m. wns secured nnd placed on eggs 
of the corn borel', which it pnTasiti7.NI. Adults of the pnrnsite failed 
to emerge; however, the host eggs tU1'I1ed blnck, thus indicating effec
tive parnsiti7.ation. 

LYDBU,,\ GlUSBSCf:NS H. D. 

The tuchinid Lydelln gris('scens is the most important dipterous 
parnsite of the C01'l1 borer observed in the Orient. It is one of the 
most widely distributed pn.rasites of the pest in thr.t region, ranging 
from at least Peiping (Peking) on the north, eastward throughout 
wIanchurill, Cbosen, und Japan. The parasite wus obtained from all 
sections studied, with the exception of Tuiwun (in which island 
L. grisescens n,pparently docs not occllr) nnd Tokushima section. 
~:fore extensive collections probably would 1'o\'cnl its presencc in the 
latter section, for it hns been found in Kor.hi Prefecturc, which is not 
far distant from 'fokuslrima sc.;tion. Although this pnmsite hus been 
found throughout the runge of the corn bOl'er in the oriental arens 
studied, with the exception of tho island of 'fuiwIIIl, it is not found 

~, abundantly in Chientuo section nlld is certninly lIOt of much impor
tunce there. It is found .in quite hU'ge number!'> in ITeijo and Kanko 
sections in Chosen, ill FtsuJ1omiyn. nncl Iiiroslrimu, sections of Honshll 
Island, alid in all sections of Kyuslru Island (Kunwmoto, Kokubll, 
~tiyn.konojo, find Aso). It pl'obn,bly reuches Innximum abundnnce 
in the Inttor sedions. The study of this speeics wns mucic in Ivliyit
konojo and KUllltU110to sections, and the following information applies 
to those sections only. 

The winter is pilssed us un immature Jal'va inside the host Inrvl1. 
Emergcll('e frolll the host lnrvne begins Iu.te in Janum'y, nnd pupnrin. 
m'e very numerous in til(' field dllring Fehrullry. In 19~n approxi
Illllte1}' 1,000 pupnrin, wen' colleet.ed during the first 10 dn,ys of Febru
nry in l\'fiynkollojo soetion, l>upnl'in, nrc found inside the tunnels 
made by tim host InTvne in the host plants. The pllpnri1l1ll stnge 
lusts from 1 to 2 months, and M111lts (\merge .in Aprilnnd ~fil'y. 

Second- nnd third-instill' borel' IHl'VH0 or tho first summer genern
lion bec.onle u,vnilil.ble for this p:l1'llsite cudy in aline, :1l\d olle COIll
plete Slimmer gencm,tion of Lydella yrisescells is pMsed on the borer 
by J Illy 1. Host lnrvHe ill nIl stages nrc present in the field in Kuma
moto ftnel !\[iyukollO.io seetions fo'r' the l'emuindel' of the sum mel' lind, 
similnrly, plI pal'ia of this ])I\.rnsi te mn,y be f()lmd ut nlmost uny timo 
during the season: There is so mueh overln.pping of the generntions 
of L. griscscens thn.t it is noti possible, from pl'ese'nt information, to 
state definitely the !lumber of generations prodllced by the parasite 
each yellr, ulthougb pl'obn.bly four genel'n.tions t!ev{·lop in the. presenc,e 
of l1Vernge 01' normul wen ther condi tioIls. A Slimmer ~enerl1,tion 
of the pnrnsite requires nppr()~:inlfLtel'y 20 to 25 days. ThIS pllrusito 

http:iyukollO.io
http:colleet.ed
http:pnTasiti7.NI


20 ~rECHN1CAL BUI,LETIN 455, U. S. DEP,]'. OF AGRiCULTURE 

appears to reach its greatest cfi'''ctiYeness in the late summer and 
overwintering genemtions. It is not so cfl'ectiye as certain other 
pn:rasites on the spring und early summer genCl'ations of the borer in 
KYllShu Island. L. grisescens has been colleeted from P. nubilalis 
feeding 01.1 corn, hemp, sorghum, and millet. 

A total of 71,995 adults of this parnsite have been obtuined from 
shipments of luryae from the oriental arense 'I'he pn!'asite hns been 
liberated in the United States and hns been recovered, indicating 
establishment. 

NEMORILLA FLORALIS FALL. AND PHOROCERA .:RECTA cOQ. 

Not It great deal is known nbout these two tnchinids in the arens 
studied. Both species were obtnined from host lnrvae collected dur
iIlg tho win tel' months in Chientao, Heijo, nnd the Kyushu Island 
sections. A total of 1,807 Nemorilla fio1'(/lis and 835 Phol'ocera erecta 
were collected in Heijo and Kokubu sections, respectively, in 1932. 
During 1932 a total of 2,184 N. floralis and 1,828 P. erecta were ob
tained in the United States from oriental materinL 

The three dipterous parasites given above arc the only species of 
tllls group found parasitizing the COl'll borer in the Orient, with the 
exception of one undetermined and malformed specimen reared from 
a corn-borer pupa collected in southern Taiwan. 

EULIMNERIA ALKAE (ELL. AND SACHT.) 

This ichneumonid is limited to the more northern sections in which 
Pyrausta nubilalis has been studied in the Orient. During 1930, 
1931, and 1932 a total of 16,032 cocoons of this species were secured 
in Cillentao section, Mallchuria. l)amsitization of the borer of the 
fall generation averages between 7 and 12 percent in normal years. 
In the Heijo and Kanko sections less than 500 cocoons of this parasite 
were obtained, and this seems to be the southern limit of the occur
rence of Eui?:mneria alkae in the Orient. This pal'lnite has not been 
found on Honshu, Shikoku, 01' Kyushu Islands of Japan. In Chien tao 
section E. alkae is parasitized by what appears to be a species of 
E1(;pteromalus. A totnl of 16,045 specimens of the primary parasite 
have been shipped from the Orient to the United States. 

INAREOLATA l'UNCTOIUA (ROMAN) 

The ichneuIi10nid Inareolata, ]Junctoria is more widely distributed 
than Eulimnel'ia, alkae, but like the latter species it is of importance 
only in the colder sections. It is the most important parnsite in the 
ChientllO section of :Mnnchurin. J>arnsitizution by I. punctoria in 
this section rnnges between 10 nnd 20 percent and in thc winter of 
1931-32 it aYCI'aged ]7 percent. The, pnrnsite is also found in Kut
chan section in Hokkaido, ~rn.pa.n, unci in Heijo und Kunko sections of 
Chosen, but in the lattm' two sections it is not so important IlS nre 
other pnl'llsites, 

Specimens of I. )Junctol'ia h:we been obtained in Utsunomiyn, Hiro
shima, iLnd Miyakonojo sections, Imel in the Ijuin loculity of Kngo
shim!\.. In the In Ltc I' \ocnlity the c1istl'i bll tion of this species wns yery 
restl'icted, ns pl'IlcLically nil specimens were collecLed from two isoln ted 
fields. 
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From 1929 to 1932, inclusive, a total of .'30,167 ndults of I. punctoria 
were successfully obtained in the United States from borer InI'vae 
received from the Orient. 

CltEMASTUS FLAVOOItBITALIS (CAMERON) 

The ichneumonid Ol'emastus Jlavool'bitali8 (Col'llwdyknoHn as C. 
hllmeniae Vier.) reache.:; its maximum Ilbundnllce in Kumnmoto, 
Koknbu, Iwd :Miyakonojo sectiolls1 but is ulso !'ound in litsunomiya 
and Hiroshima sections, where it is of somc vnlue ns fL pllrnsite of P. 
nubilali8. It seems to be of particular impol'tlLn('c in Kumamoto sec
tion, where parasitization of :30 pcrcent hns bcen rccorded, although 
the u,vernge rate of pnl'llsitization ill the sections studied was lower 
than this. 'rhe pl1.I'Hsite Ilonnnlly passes the winter as un immn,ture 
larvl1 inside the dormant borer larva, but npparently fL small numher 
overwinter in the cocoon stnge. .An exnminn,tion of 40 cocoons in 
the field i., Kokubu section in Ji'ebrulu'y 1932 brought out the fapt 
that not ull of the individuals of this spccies wcre in the host larvae 
at this time of the yenr. Two of the cocoons ench contained a live 
C. jlavoorbitalis larya, one con tnined a live pUpil. of the pnrHsite, and 
two cocoons ellch contained a number of liye hyperpltl'llsites (Feb. 18, 
1932). The l'emnining pamsite cocoons contuined delLd plll'llsites 
in various stages or were empty, the adults from the empty cocoons 
probably having emerged during the Jute full months. 

During field exu.minations made in Hl31 the first spring cocoons of 
this pa1'llsite were found on May 3 in Miynkonojo section, and by 
the middle of May cocoons were numerous in the fields in that terri
tory. In Kumamoto section It full spring genemtion of the parasite 
developed on P. nubilalis larvae before the end of Junc. Pa1'llsites 
of C.jlavoorbitaUs in the cocoon stage reduce its efTectiveness. Super
pa1'llsitization also reduces the i.>iotic pot,entinl of the parasite, since 
from 1 to 3 pa1'llsites of this species have been dissected from a single 
host larva collected in the field, and npparently only 1 parasite per 
host can mature and slH'cessfully emerge. Under field conditions 
only 1 cocoon of this speeies is found with the remains of each host. 
Starvation rather than cunnibalism appeal's to be responsible for the 
elimination of surplus individuals, as judged by dissections of sup('r
pa1'llsitized larvae, which usually reveuled one 01' more dead parasites 
within each host. 

On Kyushu Island C. jlavool'bitaN.s was recovered from overwinter
ing borers collected from milIet, and also from summer-generation 
borers obtained from hpmp. On this islnnd this parasite Seems to 
rench its maximum pfl'eetiveness during the spring months, but other 
speeies (Macl'ocentl'l(s gifuens'is !lnd Lydella gl'ise8cens) nppnrently 
supplant it, later in tJw Slimmer. C. jla.l'oorbitalis has been found in 
Tokushimll. section on Shikoku Islund, bu t: iuvestigntions in this 
territory were not e.xtl'nsiYe enough to yield a l'l'liable estimate of its 
value as a parasite of the ('Ol'll borer wlll'n infesting indigo plants. 

This parnsite is quite IHU'{iy under fnvorable {'onditions. Adults 
were kept Idive for n. lwriod ex('eeding 2 months during the summer 
of 1931, eyen undel' th(' hnndienp of high room temperatures. 

C.jlavool'bitalis has been imported into the Unitt'd States in increas
ing' numbers; thus, 439 adults wel'(' obtailwd ill 1929, 1,47] in 1930, 
2, i 59 in H)31, nnd 12,5R2 ill 1\):)2, bringing the totnluumber of adults 
secured during this 4-Yt'11I' period to ]7,251. 
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This parasite, is IIlso present in the Hllwuiinn Islunds, where it is 
an importnJlt parnsite of the coconut lellf roller, Omiodes blaclcb'urni 
(Butler), nnd nttucks 28 other species of insects (11), Undoubtedly 
it will find other hosts thu.n the ('orn borer in the United Stutes, 
which 1l11lY nid in its estllhlisllll1('nt lind mnin l('nnn('e if sYllcl1l'0nizn
tion with the sensonnl dl'velopJ1H'nt of l~, 1l1lbilalis is not estublished. 

MICIWGASTlm TWIALIS Nlms 

The bmeonid .ilficl'o{f(lster tibl:alis, in (,OlllmOIl with Eulimnel'ia allcae 
nnd Inal'eolain punctol'ia, is limited in ('Irecti \'C'IlPSS to tlw ('oldel' 
regions of the Ol'icnt. It hns been obtained in the field from pmcti

'cally nIl sections, but only in the Chicntuo sC'etion does it a.ppenr to 
be an ell'ective aid in the contI'l)l of P. '1111 bilal'is. Pnrllsitizntion of 
the overwintering borers ILYernged uPPI·oximntt.:'ly 1.5 percent during 
the 3-yenl' pCliod ] 930-32. A total of 2,750 coC'oons of' this species 
have been imported into the United Stlltes from the Orient. 

AI'ANTEU:S SI'I'. 

Two species of Al}(t:ntele8, one of whieh hilS been detC'rmined to bt' 
the snme IlS the EUl'openn species .i1. tho-mpsoni Lyle, Ilre found in the 
Asiatic regions. Males of the otlwr spC'eies nr('. present. These 
brnconids do not seem to be of much importnnC'('. in any section in 
the orient.al IlrellS studied. They Ilre found in Illrgest numbers in 
Chientllo section but hllve u]so been found on Hokkllido, Honshu, 
Shikoku, Ilnd Kyushu 1s11111ds. A total of 288 Ildults of Apanteles sp. 
were obtl1ined prior to ] 932 I1nd 277 IIdults of ...-1. t/wmpsoni were 
obtllined from bon'r 1nrvl10 l'e('C'ived from t]w Orient during 1932, 

I\IACROC.:NTUUS GH'UENSIS ASHI\H:AD 

The brllconid 11/ucrocentr1l8 [J1juensis is one of the most. impOI'tlln t 
plll'llsitcs of t.he rom bOI'('I' in the Oripnt. It hilS approximately the 
SILmo distribution liS Lydelln {fl'iS(J8CC7I8 und is importllnt in the same 
regions, pnrtieulnrly in the sections of' Kyushu Jslnnd, Jllplln, und in 
ll<'ijo s('.etion of Chosen, In the I'ol"lll('r seetl\;l1s the pellk of its 
ell'ccLiv('.llC'ss RC'ems to ('ol11e during midsullul1pr. Conseqllently it 
follows Oremastu8 flal'ool'bifalis Hnd p!"C'C'edt's L. {/l'i8eSCens in Rensonl11 
sC'quence, 1llt110ugh individ lIu1s of theRe t hl'pe sp('cies IlrC' PI'C'St'11 tilt 
tht' sllmc limC'. As shown b~T PHr];:('/' (.9), this polyt'lllbryonic insert 
passes Ul(' winter in the' C'gg stnge insidC' til(' oYel'willtt'rinp: host lul'\"I\.. 

It is irnpol-tllnli t~) noh' thllt 'this spC'('it's St'C'IllS to bC' Illl ill1portllnt 
pnl"l1sit,(\ in sC'dions wh('I'(' it is npP!1l'PIlt\y too cold for the WIII'm
e1imIlJ.C' sp('cips eremastl/sflal'ool'bitali8, IIl1d still not suitable 1'01' thosC' 
pnrHsilC's, such fiS Inal'colata I'll !leforia, Ru/i'lll'llel'ia (({kae, ulld Afi('l'o
fl(lster tibiaHs, thllt. nppl'nl' to h(' bc,t((,I' ndnptl'd to tht' ('ooll'r I'egions. 

A toull of ]40,240 ndults oi' j\f(tc/'ocfnfru8 rrijuellsi,s wt're ohtllin('(i 
1'1'0111 llllLt('l'ill1 I'('('('in'd [1'0111 ol'ipntnl J'l'gions dul'ing ] 920, 1980, 1031, 
Ilnd 1932. Of th(' /lbo\'(' [ntnl, la:3,155 IIduit" WCI'C obtnint'd during
]932, 

HI!ACON A'I'H1COI!NIS (SMITH) 

13mcon atricOl'lli8 is 11 l'IlCiH'I' Jlll'ge spC'('ips whi(-h, so Jill' us knowll, 
is not nil impol'tnnt; pnrnsitp of P. wllbila!is in lilly 10(,lllity in the Oril'nt. 
A Lotnl of 221 ndults of this plu'nsitl', hOW{'\'('I', hl\.\'(' bt'C'n !"t'lll'ed fl'Olll 
ho!"C'!" JIU·\'IlP. I'p('('in'd fl'om thC' Ol'i('nt, ]11l!"ti(,lIlllrly from IlIl'vne ('01
lC'ded in .Miynkonojo scetioll. It mny be inlel'('sling to nole (hilt 

} 
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B, a tricornis , 01' Ii YeI'y similal' species, is ohtained in very smull 
numbers fJ'om If1J'vae of p, lIubilalis collected in Europe, 

BEAuv~~mA IIASSIANA (IIAI,S,) VUU.L~;MAN 

The fungus BeU1.ll'eria bassi(l'Jl(f was 1'('('OI'ded from all portions of 
the Asiatic Ilrc/t studied, except '.L'f1iWI111, HowevPI', only Ill1'Vlle eol
lee ted in HokknidoJ .Mf1ndmrin" 01' Choscn seemed to be seriously 
infected with this discase. In the win tel' of Hl20-30 thc InrvlI.c in Il 

collee-tion of 10,000 wl'rc so scriously inft'cted that t}wy w(Irc of no 
valuc as It source nf insect pfll'nsite mlLtcrin1. A to tILt of 204,000 
1fl.l'vne of those collected during the cnrliel' sonsons becllllle infected 
Hnd n mortulity (Ix('eeding DO 1;C'J'cen t resulted. La tc'j', as It I'csul t of 
incl'ease(l c.'\]>('rietlec IUid improved tcehniC', tlie C'olleetion and ship
ment of pl1l'!lsite l11f1tcrinl WHS not scriously interfered with by infec
tions (.If this disease. Lt'ss than 5 pen'ent. of oVl'l'\vintering bOl'er 
lal'Ylle in eo.stern l\l.llflC!wJ'bl wc'['(\ inf('('ted by this disellse, I1S deter
mined by cnrefll! fi('ld eXllminntioJls mllde in the ';~lll'ly wintel' mont,hs 
01' 1981, I1ml usually tht\ 1I10rtlllity J!'OJlI this Tuetol' wns much less 
thllIl the abo\Te-Jl)('ntiOJll'd Iigll1'l'. Only 1 11\1'''11 killed hy this disel1se 
WI1S found in nn l'xaminlLtion of 2RS IlIl'vl1(\ obtained from sorghum 
stalks at Lung Ching 'fsun, Mllllchul'in, in Mn,reh 1032. 

Hf:XAMEUMIS MEIIIDlONALlS 'STEINErt 

The mel'lliithid worm IIe.)'(I,mel'mi.s mcri(/i'onali.s wns first obtn.ined 
fl'om corn-horcr In.l'V I\C {'olleC'ted fl'oll1 hem p plnn ts growing in the 
vidnity of limuro, JTiros1iilllll section, in H):30. In that yClll' pnrnsit
i7.n,tion by ill is spl'C'ics attnin('d 30,01 percent in the above 10clllity. 
The following yenr (19:11), in the slime locality, n pamsitiziltion of 
28.89 percent wus recorded, yet collodions 10 miles away exhibited 
little or no pltrasitization by II. mCl'iriiollalis. M 11 xinl1Ull parusiti7.a
tion hy this nematodc, or IL doscly nllil'd species, nppenl's to be 
restricted to the Iimuro loclllity, for, although this worm has been 
found in UtslInollliYIl, KUIl1:\,llJoto, Heijo, Ilncl Tuinfln sections, no 
more t1Jl1,n 10 l'pecimens of the pn,l'llsitp were obtuincd fr0m finy of 
these scctions. 

U~ulllly only 1 to 3 I)('mns wO/'e (lbtnincd f!'Om n single host larva, 
nlthollf;!'h on one oC'C'flsion 22 spl'einH'T1s of this nemntode l'merged from 
fl. single com-borer InlTtt. undOl' ohs('I'\Tutioll, These l'I1nged from 4 
to 6 centimeters in length. No Jive specimens of this pnJ'llsite have 
been sent to t.he Unit<,d Statl's. 

fl. mCl'iciionalis hilS be(,J1 reported by l>\:tnk (10) ns infesting hU'vne 
of the Sllgf1I'C'It!H' borC!' (JJiafraen sacdwralis (Fn.b.)) in Cubn.. 'rhis 
nematode hns been ('ollcdcd in South Amorim (Pnnwuny) unci in 
mltlly locnlities in the United Stutl's. "" , 

I''HAEOGJ~NES 81'. 

During the pel'ioel 1929-31 the summel' colleetions of corn-borel' 
pupae wc,'e eonfined to the sections on Honshu ILnd KYllshu 1s1I1nds, 
The ic1mcumonid Phaeo{l(lllcs sp. was obtnineclin 11, nlimbm' of these 
collections, but the TIllljOI'ity WCl'n ohtained fl'om ('ollections mudc on 
Honshu lslnnd in t.Ttsllnomiyn. nnd Hiroshima sections, pl1l,t,ieulnl'ly 
in the formcr·, The host pupnn f,'om whieh this plu'nsite wns ,'cnrecl 
wore collected from hemp. The IIln,ximul1l pnrilsitizntion rc<'onh'd 
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was 11.9 percent in a collection n1l1,de at. Kanuma, UtsunomiYI1 section, 
during July 1930. It is estimated thnt 195 specimons of this parasite 
were sent to the United States, some in the adult stage and some as 
pupae inside the host pupne, with provision for adult pl1rasite 
emergence en route. 

XANTHOPIMPI.oA Sl'EMMATOR THUNBERG 

The iclmeumonid Xanthopimpla stemmaiol' is an important parasite 
in certain parts of Tainan section, Taiwan. It hns been collected at 
Shinkwa, Shin-ei, Eiko j and Heito. It has not been found on P. .'1!,llbilali~ in any othol' section investigated. This parusite emerges 
from pupae of the COl'll borel', but nothinr; is known of its immature 
sta~es. .The stage of the borer attnr :wd by this parasite is not 
posItively known but is believed to be tho pupn. If t,his assumption 
is true, the parnsite probnbly has a life cycle of approximately 23 
days in Tainan section. This assumption is bllsed upon records made 
in 1932. In the field n,t Shinkwn only 2.6 percent of the borol'S had 
pupated on April ".t.7, but whon collcctions were made Mtty 1 to 5 the 
pupae had become abundanc. Weighted averages of mnorgence 
records gave 23 days as the approximate duration of the life cycle. 
Mules of the pn,l'Hslte emerge 1 day earlier than the females, on an 
twerage. 

Xantlwp'iinpla siemmator docs not require a specific host; it has been 
rccorded froIll the sugn,rcnne borers (Graplwlitha) Oleth1'elltes scldst
(lceana Snell., lJintraea, 1'nj1l8cafe1l1J,8 SnelL, and Diatraea ve:nosata 
"\Vnlk., and the sweetpotn,to ville borer Omphisa anastamosalis Guen. 
('tsatsmnnimo-no-meiga" of the JI1pnnese). It is particularly 
interesting to note the latter host, for sweetpotntoes are intcrplanted 
commonly with sweet corn, the two Cl'OpS being planted in alternate 
rows in the same field. The pnmsitizlLtion of P. nubilalis by this 
species in the vicinity of Tttinnn renched 30.35 percent in 1931, but 
examinations of cOI'n-·borer pupne collected in the fields in the vicinity 
of Heito indicated that this pamsite is not important in that locality. 
There is n,t lenst one species of hyperpnrnsite, but it does not seem to 
be importnnt. rrable 5 is a summary of data recorded for X. stem
matm' in 1931 Il,nd 1032. 

T.ABLE 5.-Daia on parasitizaiion of Jlupae of lhe Buropean corn borer by Xantlto
pimpla sicml/laior in Tainan section, Taiwan, 1981 .and 1982 

I 

J>vmll,ltCl 

}.Ol11Ilty Dntes or collection ',' "I'JIUIJlI'I)l,ll~" : Pupao pnmsit/.cd by X. 3(,,1II711alor pnrnsit. 


~ X. stelllmalor i.cd (hyperpnrnsit<>s) 
____..__. ________i_c_.o_lI.e_ct_cl_l_____;~_ 

JVumlur N/I/Ilber 1 Perc::- -;':;;-rl-;'-;;;:;;-
OSI 2(18 aG. :15 10 3. 7:1
413 . 

8.1l71 I 
18 ' ig! 15:~ goo I g

1Mj 25 I 016.0:1 

The maximum pu/'Usitizntion found wns 80.95 percent and 22.14.\1 
percent at Shinkwn. in 1931 nnd 1032, respectively. The records show 
more femnles thnn males reared from field-collected host pupae, In 
the 1931 nnd 1932 collections the fomales composed appl'oximntely 62 
percent of the total ndults obtllined. 
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1'ln,ting is eusily obtn,inrcl in Illbol'l1,tOI'Y eHgl'~ ~oon 11.1'I;el' the adults 
emerge, The Il\fl.t,ing uSlIII,lly tnkes fl'om :~o 10 liO sN'onds, 

The infol'llmtioll glVl'1\. ll,bove is of sOlllcwlllLl; doubtful vn.llle owing 
to the Intel' discovcl'Y thnt two species, X, 8iemmatoJ' Thunb, nnd 
X, lJUllctata (Foh,), Iti'e involved in the I'ecol'ds, although stemmai01' is 
the predominlLting species, 

Fifty-seven i'mllltic nnd 16 mnlc Xnnthopimpl(1, wel'o bl'ought 11li"n 
from Taiwnn to the United Stittes in ;J une 10:32, 

TJUCIIOMI\lA CNAI'HAI.OCUOClS UCHIDA 

Tl'ichommn clla,phalocl'ocis is n VCI'Y Inrge pnmsi to that hns been 

I'OHI'('(1 fl'om pupoc of P, nllbil(/li,~ only ill Tniwall, .lijvcn in tlmt 

location it is not lIeal'ly so impol'tnllt 1\, pILl'iLsitl' tiS Xanthopim7Jla, 8tem

maiOI', yet it O('Clll'~ in some nlllllbel's eneh yonl', A total of G I 0 pupnH 

('ollccted 1'1'0111 5 fidds fl.t ShinkwlI, IllldliJiko dlll'ing t1l(~ spring of 10:32 

I't'Yt'ltied II, pal'llsili,;mtiol1 of 2,01 IWl'eont hy T, ('IHI]J/talo('I'()ci8, on un 

nVl'I.'ilge, with 1\,' In.ximlll1l pnl'psiti;r,lltion of 7 1)(,I'('('nl of till' pllpil.C 1'1'01\1 

one field, Nothing is known of Ow eHrly StH~l'K Ill' hiolo~'y of IltiK 

]llll'Hsitc,

In ,JUIlH 1!)~~2 nn ttLtCllIpt WH,& llIade to tl'lLI1SPOl't live ndllits of 
T, cnaplialo('l'ocis fl'lllll ShillkwH, 'L'uiwtln, to U\(\ AdingLolI, l\lnss" 
lnbol'ntol',Y ill Uw United Stntcs, bill ollly I IIUtlP :llId :~ 1'001111.10H W("I'I\ 
nlive wl\('11 tht' destill:l.tion WIIS 1'(,:I.('he'd. 

IIltAC"YMI~mA IWI'I.OI~AI~ (WI~STWOOD) 

The pllpal pn,l'nsitl'Ul'lll'h!lnll'l'ia. fllploene "'tiS fil'sL fOllnd n,l; Kllllln
moto ill ,hllH' 10:30, lJlttPl' it wns fOlllld in Utslillomiya se('tioll, bllt 
only :1, few splleinll'lls Wl'I'O oiJtHilll'Ci. At K.IlIllIUllO!,O, how(wel', thiH 
pn.l'Itsit(~ is ('OllllllOlIly soelll'eel in l'elU'ill~s 1'1'0111 Itost pUpft(, ill ,JlIllt', 
Thel'e is some douht :LH to whl'tht'l' this pn,l'!Isite Itttn.('ks the pUpil, 01' 
nn pndiol' stngl' Ill' t.ht' bOI'(,I', N()thin~ is kllown of its ('ul'li('1' stag{'s, 
A tl'st shipnH'lIt of III ndtllts WIIH IlInd!' to the l'nitNI StIlL('S in 1!J;~Il, 
btl I tltny dipc\ (\11 1'011 1·(\. 

1'1.0CIfIONUS SI', 

Lnn'lll' of n. (,HI'n,hili hl'Ot\(" pl'obn,bly n, spl'eies of Plochio'll1LS, \\'el'(\ 
often fOllnd in tltl' tlllllll'ls nwdl' hy cOI'II-borp.I' InlTBe, These \wetll' 
lal'vne WOI'C usultlly ('Hting (,ol'll-bol:PI'ln.I'Yne bllt W('I'(, abo obsl'l'n'd to 
on.t into tht' ('o('oons of (!l'em(/,~ills jla'l'ool'bitafis ill hemp pln,llts in 
KlImamoto Bl'etioll, 'I'llI' Plo('/CioIl118 IBI'\'It<' W(,I'O found throughout 
.Jltpnn pl'opelr. In Kutehltll seeliion thoy \\'N(' obsel'ved dming th!' 
spl'ing months feeding 011 th{' oV('J'winteJ'ing p, IIlIbiialis 1t1l'\'I\P 

hi\)l'l'IIatill~ in ballIboo 1)(,l1n pOll'S. So iI.ltl'lIlpt was mude to ship 
this h(wtie to til(' ('IIi ted Stut,ps, 

11m!)!'; 

The b('ncfieinl ndivities of birds in I'elntioll to ovcl'wintel'ing hOl'ol' 
Jnl'VIll' wel'(1 obsPl'vl'd ill Kutl'hnll s(,(,tion of Hokknido, In,pnn, In 
this sc(,tion the bamboo poh's eOllllllonly slH'lLeJ'ing the ,borl'rs during 
til(' wintel' Oft('11 ('olltn,iIH'd hol('s Illud('. by bil'ds, !)I'obn.bly woodpeekCl:S 
(01'(1<'1' Piei), Tltl' holl's \\'('1'(' IO('fltNI inninly 1;long nip uppel' inter
node, indicntillg Ihnt the binls ('ould (it'tennille thn loention of the 
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larvae or that they llll,d len.rnod by cXjJrl'ience wherc the Ifl,l'n1(~ might 
be found. J'udging by the number' of JlOles in tho bamboo stems, tlw 
number of borel's destroyed by birds in this section lllust hl1ve been 
very large indeed. No bird fl,(;t.ivitics hnving lin:\, rclation to p, n1lbi
laUs were obSOl'\red in any othel' palt of the Ol'ioll t. 

COLLECTION AND SHIPMENT OF CORN-BORER PARASITES 

Dudng tbe time tha distribu tlOIl of Plll'(L1lsta 'II1lbilalis and tllC pl'in
cipn,l host plants nttncked by it ill the Oricnt WC'I'C bL'ing im'L'st,ignted, 
small collections of P. '1t'U,bilalJ:,~ WCI'C made i'!'Om vnl'iolls locnlities, nnd 
information regarding the pnrasites present, their relative ilJlpol'tnnce, 
Hnd approximate distribution, wns obtitinod. This infol'mntioIl, sup
plemented by fidtlitionn.l informfl,tion derived fl'om Ilttcl' l'enl'ings of 
jHtl'flsitcs nnd disseetions of host In,l'vlle, sen'eel ftS:l bnsis 1'01' collections 
of pnrHsites und pnl'flsite mn,teriul (host lal'vne lind pupae). 'rIds 
procedure WitS similar to i;l\!l,t pl'f\etieed llm! found sn,tisfn{'toI'Y in the 
work in EUI'ope (8). ' 

'rhe met1lOd followed in securing' pn,I'nsit('s for shipmen t to tho 
United States vllried ncconlillg' to the toenL eonclitions existing in the 
various se('tioIlS, I;he pnrtieulnl' speei(l$ of pnrn.sites to 1)(\ obtuilwd, 
their biology, the plants from which the pal'nsiics 01' pn.I'Hsitc hosts 
were obtained, nnd mflIly otlll'r factOl's of impoltanee. 

])Ill'usites of p, ii'ubilali8 pup~e (P/iaeoflenes sp. und Brachllmen'a 
e1lploeae) wer'e obtained in l'eln.t1vely small llumbel's only, und were 
collected in host pupno, by pel'nlllllenL, tl':tincd nssistllnt.s, dil'('etty
from the infested host plan ts. 

The 1,OM {'(){'oons of Cl'em(Jst118 jlaroorbitali,'! shipped to thc United 
Stntes in .Tune 1930 nnd ,Tune 1n:n (tnble ';") wel'o nbtninod byeutting' 
up 11,11 the hemp, picC'o hy pie('e, in thl'ce smidl, but heavily infested 
fields. 

In Chientno, Knnko, und Heijo spctiolls plLrllsit(' III n.terinl wns 
obtn.ined from g'I'nin-SOI'glull11 pln,nts. The pl'Ocpdul'c found most 
sn.tisfnetol',Y in aetun! pl'fl.('tice in these scctions WflS to purelw.se 
infested sorg/wln sterns irnrncdin,tdy following the ltlll'\'csting of' tho 
erop ill the full and horo!'£' the nd yon t of ('old \\'en.thcl'. Thc pl'ice to 
be pnid fo!' inf'est('(1 Sklllf; \\'tlS detol'tninNI by n, pln.nt-inf'cstlttion sur
yey eondueted :iust pl'('yious to n.ncl c1ul'ing the hnl'Yoflting S(,llSOI1. An 
attempt wns mnde to flO fix UIC pric(l thnt ill1YOlW oj' an1l'1lg'e industry 
would re('C'ive nppI'OXilllll.t;pI~r tllP pl'C'\'niling wuge of t.helo(·nlity fOt, n, 
f'ull clay's work. Inf'C'siC'Ci sOI'g'hum Rt.ellls \\'er'(' cut in nppl'oximntely 
lS-ineh longtllR nnd pn.ckl'd in hundlrs of .1 00 Rtellls ouch. Five of 
these slllull bundles \\'Pl'e then tiNI in Illl'ger' bundleR 01' bnle's, nnd in 
this condition thcy \\"PI'(' bl'ought JI'OIll the vlll'ioUR fal'lm; t.o a ('('ntl'll.l 
plnc{~ previously drsigllll.ted. Wlle!) sufficient infcsted stems 1l11d 
n('('ull1uln.ted at the eentrnl location, lubol'ol's \\'el'c IJired to rClllove the 
com-borel' InlTlle n.nel pnl'nsitl's from t.he sterns. The Humber of' 
htborers hired, USIlI1,lIy bctween 25 n,nd 200, depp!)ded upon the quan
tity of mntel'inl n.nd the time n.vn.ilnbJe in which to do the work. In 
Chientno section tho lubol'er's found most u,vn.ilnblp· nncl most sn.tis
factory weI'(' Korenn wonwn (fig'. G), while in Heijo s(letion it WlIS pos
sible to el1gllgo ltigli-s(,hool stlldents, with thcil' teuchers uet;ing liS 
foremen, .At OIlC time gl'n.cip-school ('hild 1'1"11 W£'I'(> eng'ltg'eel, II t pi(l('c
work rate, to collect lnl'vue directly fl'Otn the fields, but this method 

) 
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proved unsatisfactory because many of the IUITuc obtninccl in this 
wl1y were injured n,nd n. hcn.vy mortn.lity rcslIlted (s('c shipments for 
1929-~O, tnble (i).

The 1l1borers h:\red to obtain the lUI'Vlte n.nd cocoonp, from infested 
sorghum stems were 11sul111y sen.ted in one 01' more In.rge (~il'cles 01' in 
long rows on strnw matting on the grollnd. lDndl p(,),Bon was given n. 
CI1ll contl1ining folded newspn.per in which to put nU e01'll-borN·!Ul'YH.C 
us ru.pidly ItS they were obtained 1'1'0111 the sorghum st(,I11S. All sterns 
found to contnin pn.rnsite cocoons, which the \\'o)'k(,1'B learned to 
recognize quite readily, were vlnced ill n. sepllru.te pil(' n,t tit(l side of 
each "cutter." Each group of n.pproxiuw.tely 25 cutt~rs WitS sup('l'
vised by fl, foreml1n whose duty it wns to sec that the In.borel's of his 
group were continuously supplied with infest.ed stems, n.t intervals 
to eollect the stems which IIH.d been found to eontn.in eoeoonB, lI.nd to 
J'(,place collecting en.l1B ns often n.s I1CC(,Bsnry gn.eh cutt('1' had bUl1dl('s 

FI{ann: fk-\\rOlTlcn rol1lo\·inl-;. ('orn·IHlrl'r Inn'ue. lind rmrn:-;ih,'s from sl)fI.~hl1T11 ...t~lIISJ LuuV; Ching 'PSUll, 
l\llIIl<'ilurin. 

of infested stems within easy ron,eh, nlld n.ftnl' exalllination the empty 
n.nd cut stems were throwll bn.ck of the ring of eutters, where they were 
out of the way n.l1d could be collected n.t interynls I\.nd disposed of. 
Collecting cnns contn.,ining Inl'vu.e nnd stems contn.ining pnrn.site co
coons were taken by the J'ol'enmn to a tn.bIc situated n.t one section in 
the row or circle of clltters. Here an n.ssistn,n t, usually one of the 
permllnen t men well tl'n.incd. in. the work, nnd his helpers would sort 
the lal'vn.e to remove nIl dend 01' inj ured individun.ls '01' nny insects of 
species other than P1/['G,llstn 'nllbilalis. 'fhese mell would also care
fully remove the cocoons of pn.rn,sites from the stems contaiuing them 
I1nd sort the Yl1l'iOIlS spedes (prilleipl111y j\1icrogaster tibialis and 
E1dimneria alkae) into sepamte groups. 

http:vidun.ls
http:eontn.in
http:infest.ed
http:sepllru.te


28 'PECHNICAJ" BUI~LETIN 'lili'j, U. S. DEPT. OF AGHWULTURE 

The corn-borer In.rvae obtained were pl1cked in p1'l1cticn.Ily the sl1me 
ml1nner as those sent to the United States from Europe by n. L. 
Pl1rker I1nd his ussistnnts n.t the European pltl'l1site In.bomtorY. The 
ll1rvae were pll1ced in strips of corrugated cn.l'dboard tied into packets 
or "cores"/ 400 larvae being placed in each core (fig. 7, A). Each 
core containing lnrvne was plnced in a metal shipping can, and each 
cnn wns pncked in an individual corrugated cl1rdbonrd box (fig. 7,
B Ilnd 0). 

PI1rn.site cocoons were plltCC'J in pill boxes, 25 cocoons to each box, 
and the pill boxes containing the cocoons were pn.eked tightly in 
wooden boxes. Cocoons of different species of pnl'l1sites were pncked 
sepn.rn.tely. 

In southern Jnpnn (Miynkonojo nnd Kokubu sections), wherB 
lnrvn.e were obtnined from millet, n, somewhat different procedure wns 
followed. Here fnrmers nnd their fnmilies collected the insects direct 
from milll1t stems and crop debris in their own nnd neighboring fields 
and brought them to n. designliLcd plttce. The collectors were pnid 
at a piecework .mte depending on the 11bllndnnce of the borers in the 
field ns determined by lI. previolls survey 1l1l1.de by tmined nssistants. 

Borer brvn,\' and pn.msite cocoons, whieh hn.d been placed in 
shipping cn.ns nnd boxes at the locations where collected, were shipped. 
by fnst express to Kobe,S Japnn, where they were given a very careful 
final eXl1lnination and packed in cartons and cmtes 9 (fig. 8) prepara
tory to shipment. vVhen necessary, these crntes of materinl ready 
for shipment were placed in commercial cold-stol'l1ge warehouses 
under proper conditions of temperntlll'e and moisture until the n.rrivn.l 
of'a suitable ship upon which they could be shipped. Larvae and 
parnsite cocoons were stowed in the vegetable 01' fruit cold-storage 
rooms of large ships sailing from Kobe direct to Boston via the Suez 
Cunal. The number of larvae shipped from the Orient to the United 
States during the period 1928-32 is given in table U. 

The success of the shipments listed in tltble {j HIlLy be judged by the 
fnet that, unless otherwise noted (see shipments fTOIil Chosen and 
MnnchuTia, season of 1929-30), ItppJ'oximately 95 percent of the 1l1rvlte 
contnined therein were received Itt Arlington, Mass., alive and in 
good condition. 

P[1l'I1sites shipped in the cocoon or adult stages consisted of six 
species: Phaeogenes sp., Bra.chyme,ia euploea~, Cremastus flavoorbi
ta.lis, Eulimneria alka.e, J\licl'ogaster tibialis, Itnd bwreolata punctol'i<L 
(table 7). 

1 Cores Imprellnnted with hot beesw~,x woro used during the 1030-31 lind 1fi31-32 seasons. The wax, 
impregnlltlOn process was developed by \\'. G. Bradley or the Arlington, MUS8., III bora tory, and was roulld 
to he nn improvement, us it strengthened the cores ul1(imudo thom wat(lfpfol'i. 'rhe increased strength or 
t.he core;) mude it possible to dispense with the pructice or t.ying them with wire, lind smnll rubber h'lllds 
were subS1 it.uted. 'rhis saved considerable tillle in core prepnrationllnd hnd other advuntages as well. 

S One or the mnjor chnnges in collection technic wus the shipment to Kobe, by r'lst express (although t.he 
lime necessary was 4 dnys In some enses), or nil corn-borer lurvae ami purasito cocoons us rnpidly us they 
could he pllcked lind ShillPcd. No rerrigeration was ,wnilable on the truin trill, but, 115 shipments werelllllde 
during cold wenther, ti1 s was not an import.ant ruetor. 'I'his procedure wus begun in the rllll or 19:10. 'Phe 
previous yenr the lurme lind pllrllsites hud been allowed to IICClllllulllt.e ill tho collectiollllre,~~ und were 1I0t 
tllken 10 Kobe ulltil the end or Ule collecting sellson in the fleld. 

I 'l'he hCll\'Y wooden ('rilLes were first used ror the HhiplIIentH or lllr"ae nllllie durinl! th" IO:j()-:lI sensoll. 
These crntes "'ere propllred, and IldtlrCR",es and other Blinks wen~ llUt, O!l willl I he niti of stt,lJlcils, IH'(OfH t.ho 
busy colle"llng s(~"son he~'ln, which greatly spec(h!d 1I111he final Jlack,nl;. 
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~'H1l!ln: 7.-1\lolhod 01 Jlllckinll corn·borcr illrmc lor shipmcnt.: A. Corc.~ used lor packillll )ur\'lIc; H. ship·
JJing ClUlSj C, callS Jlnrkcd in sC1Jarat.e boxes. 
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FIGunt) 8.-~\lclhod Of pucking lurmc for shlpmcnt: A, Boxes of hln'ue; n, crates of lar\'tlo rcndy for ship. 
ment; C, lrunsp(Jrt ing shipment to whnrf. 
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TAI.Il.E G,-Larvae of the European corn borer shipped to the United Slates 1 from 
lhe Orient during -I ,~e(l,~onS 

Lar\'lIe shfllll\!t1 I
PrinciplIl parllsites in

~ccl.lon Place ('QlIc~lctl , r host Inn"lie 
I 1\J~~-~~1 lual-a2; 'J'olul 

i, I --j-'. 

! Knlt'lmn, JIIJlilll I ",:!OO Lvdellll gri,~oerl/,' anri

'0'1 "IPl/llle1cslllOlII/l.!Ol/i. 


"\Ii~'llkdlloJO' )liyakulluju, Ja· t!VHiU 1S3,OOO fiO:!,400 158, ~(JO J, Oli';, ';n!l I., yriusrcl/s, C'CltWH' 

. P:11I, lvx jll/fOO,blll/li", IIlId
I 

iJfl/roll I//"rumi.,. 
KUI11!uuoto+, KUlIlnll1.1lo:Japall 2,fJt.O ........ _, !!,600 lh vr;sarcuJf IUid C. 


jll/mo,bill//'s.
Kokuhu KJlgo~hjllltl. Jupan. 2, ()(:U '.1,000 C, Ill/fOOTbill/lis, Xc· 

- ~ .... 'II morillll florulJ.'f, 1.1. 

, r~~~~~t~~:;'I:l,nd 1'/10' 
Kokllhl Knkuhu, Japa" .,. •. ,,:1-1, .IOO! ,':\.1, ·IIK) C. 1II/I'On,IJi/(IIi" nIHI 

S /lOTll/i., 

, J.lO. (JOO' 72, \100 II :~Wi:~;;;; } 021, m I11111,(011//11 IJII IIr/o'lil 
• :~~, OI)() ._ .. !is,OOIl .II,'rTllrt'lIlrll,' UlrWII· 

six nud Ii. yri.'flW(l'Wr. 
'iii, (~K) ~!Il,'IOU I arK), ,IOU ,II y,rllm."" IInll I.. 

Yrl.~t'.'(C'cmt, 

I.!i()(). .- 1,6{KI 
II,I/, girl/fllSI,' lind I.. 

t grix(".,,(C('Il.'1 • 

'I'otnl. •_-' Il',"~(jn '1:!;i,OOO Ohl"I()() 1,337,·1.:, ~,5\1l, 1-1·1 

. 

1 Iu nddi~inn to lh(' totnl giv('u. l~t{)OO Inrvtll' W(ln~ ~l'flt to Ih(' i,~lnlld of fiunm ill Ilw IUaO al Sl'nson. 'rll('~n
w,'n- i)hl'lil1~d at ~1I\'ak(Jnoj(j. 

"2 Tlll' nl\lIitl of til(' j)lnl'(' ~i\'lill a~ th~(·nlll't·tin~ II00nt rrfer:;. to a hH'Hllt)' with thll town ~in'n liS Ihe ('('ntl'r.
112,000 W(lrt' infl'('h,rJ with u fUIlj.!u.'I rli~Nl~ll unrl tlO Il('r('('nt of thlillt diNt. 

i .sprin~ ('()IIt~(ltion, Hl:J!! 
• Foil ('(lIfI'('linn, l\l3\. 
f, ("olleNlon from hOlh :-:Ihnnill und :\n:-<hu. (1hn~('IL 

i 'rhc!lt! lon'ull wl'rl' inCl'('h,d \\ i! It a ftlll~lb tiiSt'HM' nut! !JO Jl('r('t'ut or 1h('111 died. 


TAIII.)~ 7.-p(tm,~il(w oj til(' 1~lll'flJI('nJt rom. horN sftlpJlI't/ III /III' ('lIiil'd Sl(/Ic,~ frol/l 
litl' Oricllt ill the adult (ll1d ('O{'(lO/l NI(l{IC,~ 

~ta!!('ParasillO !'>11('(11(,~ PI:l('~ 1,.,II('('lt-d ;:l'('tioll JUaf) W:lI W;l2 TOll1l
i ,1111'1'1'" 

LUIlI! CIHIII.! 'Tsun, !Aliuil 1:1Jo:u.lIml/uw II/kt/' 
I lChil'I1(1lI1 I ("'(WOOl) 37,125' }16, 01;;I )lllIlI'hllria 12,·1:10 fI"m 

"l11rcolnlu IJUJlriorin lin .... do rin .1\ 
~ - .1\ 

('rem""'",, flt/roorli,/"II.! h: UJlUlIl1tHO, .Inp:Ul .. KUIHfllJloio dll 7+1 :120 .., I, Of;1 
,~ ~-UrI/,hvmeri" fit ,,/O't/C dll do Adl1lt 10 10 

II'l1 Pl1l I~~) ":1 
Pfwrogc /lex sp l'l~ttlJ()lIliYil,J:llmll l·t~t1n()lJliY!l "10 i!J.11'\I(I~lt a!i .f 
,llirrllflll,,'rr lillinll,'. JJIUIJ.! ChillI-! T~lIn. ChiNltno ("(I{'onn noo );[)() 31.3[1(} I 2.7[d) 

~lnl1t'hllrill. 
'l'owL a,s'a i,7[,7 .S, '\751 ~O, 105 

l r,o IIlhliUOlllI1 CIlI'OOllS were ~111 to (1111l111 ill wan. 
t gStfllll1lt'; ·100 lield·collecled puplle were shipped, 
3 ~lllrch Hl:l2, 

All of the pnl'usit('s ilhipppd in tlw ('0('0011 stuge ]'('H{'\t('d Arlington ill 
good {'ondition, Considering the "1'('11 t distan(,e tm,\'PI'sed, thosl\ pn.rll
ilitc siliplll('nts in the pupnl 01' lIduft stnge, 01' so pnek('d nnd shipped ns 
to nllow ndults to em('rgc ell route, should be eonsid('rcd successful, 
sillee in the mnjorit.y of illstlUH:es nt ]eust 50 percent arrived nt their 
destinutiollllliv!'. 
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AGRICULTURAL AND OTHER PRAC'l'I('I~S AI<'I<'ECTING THE CORN 

BORER 


There arc II Ilumber of ngl'icultuI'1l1 Hlld other practices that aired ) 
the Ilbuudllnre of Ihe e01'1l bor<'I' in the Orient. r!'hese pI'aeti('es, 
although hn,ying a '(('IT dil'ed clrect on thc rorn borel', IIl'e not used ! 
prinllu'i1y 1'01' this r(,Hson huI COl1Stitlltt' t1H' CUstOlll of tile ppopl(' of 
the seelions StueliNI 01' III'P du(' to lh(' pr('\'uilillg (,COllOllli(' conditions. 

As wus IllPntiolll'd ill II IJl·p\·ious put"Hgnl.pll, (IH' ('om-hor('r llloths of 
the fir,,! SUlIllllel' gl'llt'rntioll, in l'tSUllOllliYII SPetiOll, (,ll1el'ge lale ill 
,July, thus {'oineidillg with th(' Itill'\'t'stillg S('HSOll of ht'Jllp, thp most 
impOl'tnnt host piullt in thr. s('('(ion for this gC'IIl'l'Htion of the bOl'el', 
At th(' tilll(' of hnlTt'st lllllll,\' puplle Hnd full-growll 11I1'\'1It' 1I1't' PI't'st'ut 
in the stelliS. SOIlll' of till' moths Iwyp Plllt'l"g('(1 lind dpposit('d ('ggs 
OIl the hcmp 1(,11\'(,8 und n, sllIHlIllunJill'I' of illllllntul'e hOI'(,I's nrc present 
011 01' in tllC plllllt. SOOll IIftl'I' tht' plnllts nrc hlln·t'stNt by the eustolll- , 
nIT method of gl'Ul;ping u.llllnrlful at n. tillle lind pullin~ up the plants, ~ 
the lenvps ll11dl'oots III:n (,lit ofr with along, thin-billcted knife. The , 
len\'ps 1'1111 10 the ground and soon dlY out, tlius killillg nny l'ggS 
pI't's('nl. rfho stri1ipNI S(t'lI1S nl'O lIH'n i)ln('t'C1 in Inl'ge bnl'rPllil~e ('on
tuill('!'s Ilnd hoilNI. This rliHllgps tlie ('0101' of tlie pln.ntsfrom II, bl'ight; 
fr't'sh gl'pen to n bl'own nllcL S('l'V('S 10 kill all bon'I's und pupnn in tlie 
plan t :1 t the t imo 0 I' t(,Pnlllll'lll. Th us P\'PI',Y Stnge 0 I' t he ('om bOl'p I' on AI 
01' in th.e IWIlip plnnt nt tlie tilllt' or h:u'\'pst i!'; kill('(l. (illcidcntnll.r 
tliis PI'o('Nlul'o nlso ('<'Stilts ill lli(1 dpntli 01' lilly IllirHsitl's PI'Ps(,lIt ill the A 
tl'pntl'cl hemp St(,IllS.) 1I0\\'p\,pl', lIiPI'('. al'e stilll1ullwl'ous moths in 
/light whic'h furnish a l1ucl('us 1'01' fllIOtilPl' g('IH'I'nlioll, n!though the 
llOl'llWL pr'o('('ssing of ht'l1lp in this H('a III liSt. ('edu('(\ thl'. bon'l' f>opuln.
lion U·('nw.nc!ollsh'. The n\)o\'('. (ll'netie(\ is not 1'ollo\\'NL ns H. ('onll'ol 
JI IPIISll 1'('· 1'01' lhr lllS('ct, butil' the (,()Ildition of thn crop will :illo\\, n. 
sligh t dC'yialion fl'UIIl I.IJ(' ('xisling pI'n('fi('p, Iiu I'vc'slillg u. wpek 01' so 
('III'li('I' should \'('I)'lwnd,\' ('Iinlinll't<' till' inspd in tliis spdion, .. 

11,\11\'''1,'1'11'1(; ANI) Till, I'HEH OF (:ICAlN :';011(:1117,'\1 OIC ""OI.IANI: ~ 

(:rnin SOl'gIiUIII, n I 11 (,ll ilwl' or till' gl'llSS fnlllil.\·, is Iiun pstI'd ill practi
('ally tll(\ SHllll' 11111 n11('1' tlil'oughoul (II('llpijo, KlIllko, lind ('hit'IlLao 
s('ctions. In the 1'1111, wli('ll thl' plnnts 111'(' full,\' l1WIUI'(', tlip,\' un' ('IlL 
h,· IWlld witli II sickle IIlld Ip/'l ill shocks in thc' lipid til dl'Y for n. shol't. 
ppl'iod. Tlie grllill, ",hi('1i grows in u C'olllpad Iwad III 1I'It' top 0(' the .~ 
stlllk, is h:Ll'\'t'skd by plIshing OWl' till' shoeks and ('liLting ofr (,lIch. 
hl'nd of grain witli a. sit-kip, ,\ stPIll fl'Olli G to 12 in('lips in ]Pngt.h is .... 
Il'ft [lI'ojt'eting 1ll'I()\r tht' grllin ht'ad, nnd this SlPIlI is IISPc\ for a handle 
01' liS n. pl:1('(' to tit' the Iipnds into it bundlt'. TliollSitnds of' ilcrps of 
gl'nin sOl'ghum lIrC' hIlITt'Stl'd in this prilllith'n lllllnllPr. r!'lie l'endion 
of the CI)r'n borer in sorghulll difrt'rs f'rom its norm:1I Iwbits wh('n in
f('sting COI'!1. Tn sorgh 11m tht're spcrns to hC' It'8S migl'u,tion of pn l'tly .. 
grown lur\'il(' from the UpPl'!' to the lowpl' portions of the stnlk, with 
the rt'slIlt thnt the lurge Il1njol'ity of the f'UIl-gI'OWll lnl'\'ue nJ'c f'ound ,~ 
in the upp('r:3 feet of stalk when the crOj) is (,lit ill tht' full. Tht'I'efore 
stubble b('('oI11Ps of' smu.I1 importnne(' nnd the disposal of' till' 1'(,.Jl1llinclPI' 
of' the plnnt, particulady tilt' Ilppl'!' thil'd of' thp stnlk, nssunl<'S gl'l'utel' 
interest. 
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The uses of sorrrhulll stn.lks m'('· mnny, In thl'sl' rnth('l' primitive 
eOTIllllunities everything) including CI'OI) remnunts, hns nn economic 
vnIue, Sorghum stalks nre sold ns n, commodity in the country mnl'
kets, fLlthollgh the qunntitv disposed of in this 111unl1e1' is smnlL 
l~fLJ'lre pott('I'Y vesselR nre ll1ilde in ('(,I'tnin plncl's ill Chosen nnd 11nn
ehu~in., whieli an', llsed Iw till' nn.tives to CHJ'\'y wn(,I' froTn the wells 01' 

rivers to the houses 01' :~tS ('ontni!1l'l's 1'01' stoi'ing gTuill, \\'h(,11 thC'se 
jugs nrc shipPN\ from tilt:' plu('{~ of 1l1nnul'll('Lur(' to the various /111\1'

kcls, sOl'ghul1l stc'Il1S nr(' oftNI uSl'd I'm' wmpping mntel'inl. Thesl' 
stems 111'(' somC'tinws in f('slt'd with t h(' borN, 

SOl'ghUlll S{.(,IllS Ol't(,l1 fundion as htUts in thC' const1'llC'tioll of thp 
111ud. \\'nliH of fnl'1l1hol\st'S, 'I'll(' g('tnS are plil('('d y('('ticHlly nnd hori
7.ontnlly find W()\'(,II ill llnd out, uSllttlly Iwillg tiNI with rope l11n.d(' of 
riel' straw, ,\1'('1' til(' fl'Hl1I(,WOl'k o( tht' hOWit' is c'oillpldt'd Hnd tht' 
side wnlls IIrc ('o\'(,I'('d wilh lit(' sor~ltllnH.;I(,1I1 lath work, H thiek ('0\"('1' 

in~ or mud i~ put Oil, Tilis (OI'lIlS l\t(' sidl' w:dlH or Ih,' (,Ol1lpif't('d 

IIOIIRe, nnd it is ill1jll'Ol>ahlp lIl:!1 flny hOI'('I'S in~id(' til(' SOI'~III"1l SI('IIIS 
('oliid P!\l('I'P;I', "il1('(' Iltt' \\'all bp('()Illt's n'I'Y IHlrd, 'l'It('l'('I'OI'{, tltt' Wll' 

of 50rgitulIl st£'IlIS for Inths is H ypry ~ood pl'lIe(i('(' I'l'onl lltl' standpoint 
of ('ol'n-borN (,Olltl'ol.

Th(' gl'e:ltpsl usp fOl' SOI'p;lllllll st<'Il1S in Pllclt or thp 11",(,(, s('('[ions 
llnclel' ('onsidl'l'ntioll (Upijo, Kanko, nlld ('ltil'lltno), ItoW(' \'(' I', is I'or 
fu('1 dur'inp; tlte ('(lid win (('I' Illtlntils, TIIP ~I'('nlpl' propol'tion or nil 
('wp I'('I'US(' is lIspd in tilis Illnnnt'l', und it is PI':lC[i(,HlI,Y Ihe only fuel 
nvnilfLblp to kePI> tlte \tOllSC'S, wi lit I h('iJ' pn pCI'-roY(,I'('(1 dool's nnc! win
dows, Will'lll find ('olnfol'tnblr, Pnl.('tiC':tll,\' no wood 01' ('():d is IIs('(I, 
sinen n,1I tll(' hills hn\'p bN'1l dt'nlld('(l or [I'crs (witlt tlllH'xceptioll of eer
t :l~n 1'('lllOt<' pHd:; or Chien tno s/.'etinn ,\,ltiC'1t still hnye fOl'ests, nnd 
pHI'tS of (,1I05pn ",ltielI b:\yp hN'1l l'l'i'()J'Pstpd undl'l' .lapllllesl' s1l])l'1'Yi
sioll in tin n.tlempt to J'NlilC'(' lhe S(,\'('I'(' (,I'()~ion ('uused by l'iY(,I' ,)'\'l'I'

!lows ill 111(' sprillp;, and from t\tpse :\I'('I1S no tTpes IlIny \w cut without 
P('l'll1ifl5ioll), llnd coni is I'nl' too ('xpC'llsiYl' fOl' :til al'(':1 wlt('l'C' tilt' dail'y 
wlIge is less 11111n th(' <'quintl('nt 01: 20 ('('lIt:; 01' l'nilN\ Stnt(,H (,Ul'l'l'Il('Y 

1'01' II IOllg <lny's work, 
SOl'ghu/Il S\('IIIH lin' u!i(,d ('ol1llllonly in 1(1\111:;0 s('('tion !mel to n kSRt'!' 

. (,:-:tt'lll ill IIl'ijo ::;(,('tioll to build (('11('1'::; nl'(lund Ill<' hOllst's nnd ynrds. 
These I'PI1(,('S III'(' mild (' 0 f \'('ry tigh t Iy "'(lyell ~()l'gh \till ~1l11ks, n nd tlwir 
Pl'i11('ip:lIIHII'I)OS(' is to pl'(,Yl'nl tl~(' ('old \\'iI11l'l' willd::; from pelletl'l1ting 
to th(' ll()Us('s, Thp::;(\ S()r~h\llll-sll'\\l 1'(,11('('S al'p l'{'\\{'wl'd ('(\('h VP!lI' 
nnd tlWY

• 
111'(' ol'u'll IWHyiiy inf(,::;t('c\ with

' 
(l\'en\"in('l'in cr 

• h 
(,()I'l1-!)()J'('l' 

11\.1''\'!I(', It i~ thl' wl'itpl"s opinion lhnl (11(' I'('nn'~ in Kunko section 
!LI'e the lI1tlin ROllJ'(,(, of molll::; [01' ini'('::;tntiol1 in tilP spl'in~, nnd thllt if 
they WPI'P Im1'11('(\ l)('fol't' 11I0th l'llWI'g('Il{,(, tht' (,OI'n l)(lrel' would be 
1'C'e1l1C'l'd to l1l'gligibl(' 11111111)('1'::;. J I i~ difl1('lIlt (0 1I('('OUl1t 1'01' nny other 
ROUJ'('e of infestation (,Heh yt'llI', Sill('(', bdon' sJlrin~, aU loos{' sorghulll 
plnnts hH\'(\ bN'n burned u,; fuel, ill('\lIdil1g pOl'tiolls of ::;11.'1115 nttlll'lwd 
to lhl' sorghulll lH'Hds W\tl'l1 hnr\'('sl<'d, 'I'll(' :;ump disposition is mudp 
of !lny pol'sihll' wl'{'d hosls, IPnYl'l', grass, IItHl ot\H'1' plnnt materinJ 
('ollectpd in tll(' gl'l\{'rnl ~('l'Hl1Ibh' for ['ud dircoctly nttel' tIl(' CI'OPS hn.vc 
been hnl'v('s{ed in 111(' fnll. This ('oll<,ctinll in('\u(\('s Ill!' stubblt' of 
CI'OPS whieh hnv(' h('('1\ dug OL' llull('d up und lukell to thc' fnl'mhouses 
in lhe filiI. E\'('n hills, upon which thel'(' nn' ['pw trees, Ilnc! the 
gl'll\'eynl'{\R on UII' sid(' hills, Hl'(, I'lIked (,urdully for dl'lld gmss 01' othN 
p()Rsihl~' I' til'\. It is impossible to '\'i!;uulizl' IL more iut(,llsin flll'Ill 
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('kiln-up thllll Ilctulllly tnkl's pllll'(\ OY('I' 1I000th(,l'n C'JlOS(,1l nnc1 Chi('ntno 
section of }'Inn('hul'ia. I t should b(' I'l'lJlf'mIWl'l'd, of ('OUI'SI', thnt (l1('st' 
fnl'm elenll-up pl'ndi('('s ",hidl diminish f1)(1 ('of'll-bol'('I' populatioll 
I1lso hn\,(' n silllilnl' elred upon UlI' plll'Hsitt' populntioll. It is possible 
thnt the paI'HsitI's ('111(,I'ge ill tll(l spl'ing Iwfol'(' tIl(' (,1ll('l'g(,IH'l' of llw 
bOl'el' moths nnd thnt tlll'l'(, is n p('l'iod during whi('h th(' pest could 1)(' 
destroy('d without gl'cntly I'('du('ing th(' nutn(\l'icnl nlllllJdnnc(' of ill(' 
plu'nsites. This possibility should b(' illY('stigHtl'd. 

In such s('ctions ns (hose UIHIPI' discussion, ",hpl'(' there is n gl'('Ht 
('entl'nlizntion of authority, n I'('gllintioll ('ov(II'ing tJ)(I d('str'uetion of 
the sOI'ghulll-St(,llI /'P)H'('S, nJtl'!' th(' pl'in('iplllusp /'01' n fpn('(' ItS II wind
brenk hnd b(,PII fulfilll'd, should be pnsily put into ('(}'('d to tJw IWlwfi(
of tll(' fn.nning ('ollllllulJitY.j 

Although Ih(' fon'going IlIny Iw II. digl'('ssion, it will ]>l'l'hn.ps S('I'\'(' to 
gin' u. Iw'ttpl' ielPn of I:h(' (l'l'I'itol',\' in ",hidl ('ol'n-bOI'PI' studi('s hil\'(I 
been ('ond ucl(l(l. 

,
T\\'o crops or indigo Hl'p hnl'vt'stpd (l1I('h ~'(\1I1' in th(' indigo-producing 

I1I'(IH· of Shikoku Is111l1(1 ('I'okushillln spctioll). '1'1)(' lil'st ('I'OP is cut 
nbout () ineJ)(ls 1'1'0111 thl' gl'OlInci, nnd 11(IW shoots /'1'0111 old S{('IlIS 
furnish t1H' se('ond crop. HIII'\'('sting of' t1lP fil'st crop begins 1I0I'IIIHII~' 
nbollt July 10, nt which LiIllP thl' molhs of tJU' lil'st sprilig gpnC'l'I1.tioli 
(ns distingllislwd fl'om the moths dNind f/'Olll the (}\'(')'win lpl'ing 
borel'S) III'C er))Nging. ;\ ('ol1sidel'llhlp nUllIbel' of IIII'Yl1e find pHpUl' 
IU'P killed when lJw hnn'est('d (,I'OP is pl'O('essl'd, liS w('11 ns nn~y ('ggs 
deposited on til<' .knY('s b('l'o)'(' hlllTl'sting, nsituntioll H.nnlogolls to thnt. 
existing in etslinollliYH s(ldioll on 1I(,lIIp plllnts, N('\'PI'thel('ss, tlH' 
moths thltt aI'(' not killed 111'(' nl>l(1 to lind IIbllndlllll hnslIlIilJ<'I'illlupolI 
whi('h to d0posit (hpil' 0ggs Oil UH' pal'ls of tll(' indigo plnnt J'(I/llnining 
in tlH' field directly aftpr lIlU'Y(ISt. YOHng shoots soon d('\'('lop on Ull' 
host plal1t, pl'odueing 11llIp1<' rood 1'01' (h(' ~'()lIllg 1I1I'\'ue, with tJw 1'(,Slrlt 
thul the lw('ond (')'op or indigo is nlso dUlllllg('d b~· tIll' bol'(,),. 

IIAMIIOO 1'01.1':S AS )mAN SI'I'I'OUTS III 

As Illcntionr(i pl'eyiollsly, inKlitchlln se('(ion bnmhoo poles al'e 
lIs('d to support th<' IH'ILII yilH's, nndit is ill tlll'!i(l humboo pol('s thut 
the bOI'('I' Inn'ue ]>1155 the Will tpl', In nl'w pol('s tht' o\'('J'win [prillg 
Inl'vH(, 11.1'(' found II!JO\'(I thr lop nodl', liS t1HI~T al'P lInnhk to Jllnk(' thpi/' 
wny inlo lhe Otllpl' plt!'!s of lh(' pole, but in old pO!N; lh<' hnlllbo() oft('n 
splits us il Ill'('onl{'s dry nnd sol't(')', {hu,; nIIowing Ow bol'('/'s to ('ntel' 
the \'lll'iOliR intpl'nod('s. 'f11(' bumboo SIlPPO!'ts 111'(1 115('<1 1'01' nbout, 7 
yell)'s 1)('1'01'(' Iwing dis('uI'dl'd, They 111'(1 uStlfdly stnck('d Ill'Ound the.' 
/'IlI'lllhou:;(' OJ' ill II ('01'/1('1' of 111(' lipid dul'ing the wint(,I' lrIonths. It 
St'<'/I'I(I(J quit(' ('\'idpnl. Ulnt UI(' Illuin sou)'('<' (>1' inr('stHtion in tll(' sprillg 
must oJ'igillllt(' /'l'OJl1 bOI'PI's thnt OV('l'winleJ'ed ill (he bumboo ('II ill'S. 

~'AIIM DlSI'OSAI. O~' CliO)' 1)J>JIms 
... 

CPl,tuin oth('J' Hgl'iclIlhll'U.I prll('ti(,(ls !tHY(' tllj'il' elred upon th(' h(wel'. 
Thlls, ill IIitoyoshi, in southl')')1 Klllnnn,1Oto s('('(ion" millpt S(('IllS und ,~ 
stubble nTe lIsllnlly plowpd undt'/' soon IItt(,I' (hp (,J'OP IS hnl'\'estNI ellrly 
in Dccember, while in MiYllkonojo sl'ction, which is nlso on Kyushu 
Isltmd , the stcms nnc! stuh'hle nl'e allowed to I'pmuin on tilt' fidels until 
sl))'ing. 
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In geneml, it mn,y be stn.tod that, thC' ustln.l fnrm disposnl of crop 
debris, 01' clenn-up between CI'OPS, is much 11101'(, thorough in the Orient 
than thnt genel'll.lly prn,etieed 011 till' fHnn!'; of the eorll-borel' infested 
territory in the United States, This tontl'H!';t is to be expected 
bet.ween ngricul tUl'nl nrens in onc o( which fl1l'111 opern,tions ILre exten
sive ftnd hundled by mnchiuCI',Y whcreas in the other the fnrl11 pl'nctices 
are intensivc, primitive, and prineipn.1ly ))('r[ol'llled by hund labor, 
Thc eontrnst should be kept; in mind wlH.'n comparing ol'iental und 
Amcricnll ngl'icultul'e, ~{nn.v 1't'col11l11cncln,tions hnvc bt'cn made for 
(,om-borer eontl'ol in .In.pnn whieh may 1)(' of prnrticul valuc in thnt 
country but could not be nclopted in countl'ies whel't' labor is higher 
priced,E\Ten the t'xtrCl11e.mcnSUI'e of ('olll'eting eggs fl'OIll the plnnts 
lWei bOl'ers fl'Oll1 the stt.'Ill!,; by hll nd has becn I'PC'ol11mended by 
.Tnpnnese pntomologists liS It pr'lIdienl ('ontl'ol Il1PfH'Hll'l' 1'01' PYI'(/liNin 
II 1I bil(( /i.~, 

SUMMAHY AND CONCLUSIONS 

'l'I':s bulll'tin ig hnspd upon til(' I'PglritS of inn·stign.tions of thl' 
Europcan COI'I\ \)OI'PI' and its pn.l'Hgitl's in .Jltpun, :\[unC'hul'iu, (,hOSl'lI, 
und Tniwiln, 

The ul'cns studied difl'l'l' gl'l1lLtiy with l'l'SPl'et to tC'IIIIH'I'utul'es und 
p/'(~cipitn.tion, ('ons('(lul'llt:l,v they difl'l'l' nlso with 1'('SI>t'('t to the lpnd
iug C'I'OPS nnd ngriellltlll'lli ))I'nc!iC'l's, 

'I'll(' J)J'ineipal host pln,nts of thl' ('Ol'll \){)/'('I' in th!' I'Pgion ns n ",holl' 
Ilrc hcmp, ('Ol'll, llIillpt, gl'llin SOI'ghUlll, indigo, und bl'HIIS, 

Thl' eo/'/1 bon'I' hllg 1 gl'/l('l':ttioll Hllnlln.lly ill til(' nOl'thl'I'n sN'lions 
stlldied, 2 gcU('mtiong .in thl' illtI'I'IlH'diatC' sN,tions, Ilnd a 01' IllOl'e 
generations in til(' southpl'n sections . 
. I~ul'iy studies soon Ill:td(' it appal'l'nt tlmt IlO OIl(' Plll'llsite, ol'uny one 
group of PIU'UoliU's, nttuC'ks I), lIubi/a/ig thl'Oughout tllp yul'ious s(,(,tions 
in which illYl'stiglltions W('I'l' I)('ing ('onduded, For ('xnmplp, in the 
wal'm, southl'l'Il .Jllpun s(·ct.ions (Klllnnllloto, :'fiyakollojo, nnd 
Kokllbll) E'ulimlU'rio ((1!.-(lC' is lIot j'ound, Hnd ill.(I/'N)/aia jJlll!cioria is 
I'n./'p, but (lI'C'm(l81118 J{(fl'o()rbitllli.~ Hnd L!/(/el/a fl,.i8"S(,('1lo~ Hnnually 
pltl'nsi tizi' II ('onsid('I'n hlp, nltllougit Ynl'iablp, )(,I'(,l'n tngl' of til(' l'O/'ll

borer Inl'Vlle ))I'(·sl'nl. ('olwel'sply, in thl' ('oleiN s('ctions (Kutchnll 
Hnd C'hipntuo) C,./{al'oorbitalis Hlld L. !ll'iw's('ell.~ Hre unimpol'tn.nt, but 
Eo all.:a(' and I, fI"llclol'ia iU'l' ntiuublp ns pamsitl's, 

III urcus gue\t liS the IIpijo sl'etion oj' ('hogen, with nn intel'lnediute 
elinmtc, ('cl'tfLin pltl'nsi tes typicul or the WHI'Ill 01' ('old typcs or elilllitte 
coexist. Thus Lydella gri8escens (n. soutltCI'/l spP('ics) Hllci Jllareo{ala 
pnnctoria (II, 1l0rthlll'Il species) both exist in lIeijo se('tion, This is 
undoubtedly a fortunate provision of nutul'e, since, with the fiuctull
tions in weather ('ouditions /tWit,)' fl'olll Lhe UOI'lI1ld, the climate in thig 
tl'unsitional region would be('ome in('l'tlUsingly silllillll' to eithcr tlte 
cold 01' WIU'/ll type of eiill1lLte, Itnd ei thel' the sou titem (WUTIlI I'egion) 01' 

northern (cold region) spc('ies of IJll,rHsitcs would be expected to HSSUIllO 
incrensinf? 01' decl'cttsing impOl'tnl1(,c, depending on whethol' the fiUC'tUII,
tion in eli nUL tie conditions is towllrd the warm 01' cold elimntc type, 

The fOl'egoing consicicmtions wi tit rcgurd to these in termediate 
sectiong fire not nltcl'Cd by the fne(, thnt one 01' Illore additionnl plll'llsite 
speeies, not found in one 01' both tlte extl'l'llle clinmtes, Il1n.y be present 
n.nd periutps dominant in the trllllsitionni sl'ction, 1n Hcijo section 
Jrfa,Cl'ocentrns [Jijnensi8 is the plu'nsite spocies domiuunt Oil PYJ'(lnstcL 
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1l1lMlalis, although t,his pnrnsite is not, found, except in rn,re instnnces, 
in Chientno section. 

ConsiuCI'ing the above factors, as well ns the extent of the com-borer 
infested territor'y in the United States, and especiall'y the probable 
future geographical distribution of the pest in its new environment, it 
was evident thn,t the J)f'oper' polic'y to follow with regard to pal'Hsitc 
intl'oduetions nga.inst pY1'a1t.sta, nllbUa.li.s Was to colleet and ship nil 
the pr'illllu'y pal'llsite spceic..'l obtninttble without r'c!?u.1'(1 to the stuge of 
the host which the.Y attt;lLcked. Under' the eondi tlOns pr!lsen t in the 
e(II'n-bor'C!' pl'Oblelll, the theory of pnr'usite competition WIIS belit'n~d 
t.o be of ncu.delllie l'Il,ther than of pmetical in tere'lt, 

SOllie \'lIlunble JlI'irnll.l',Y pI\.l'llsi tes of the ('01'11 borer exist in th(' Orien t 
thaI.!, IIl'e not. pre~:;('nt in oth('1'nr'ous in which pUl'Hsite illvestigu.tions lilt\'(\ 
been clI,rTied 011. ar(lma8tns jlanoorbitali8 ILnd Xa.nthopimp!a 8tell/.
mato,. Iln\ in('\lI(i('d in this ent('go/'X, In lIddition to the PLL/'IISitl'~ 
obt'llinubin only f/'om the Orient; sueh liS the two sp\'eies 1l11'ntio/l('d 
nl>on', Ol('/'e 1\,/'(' II, rlll/lllH'/' of othp/' PlltOlllopllllgoUS /m;eets, slieh liS 

1/('(1('011 atl'1:cornis nlld Nemorilla jlo('a! iN, whie h, III though prl'scn t: II ntl 
obtnillublc in I~l"'(lpe in lilllitl'd /wlllbp/'H, IIr'p mueit lI1or'e 1'1'11 dil,\' 
niJln.irH'd fl'Olll till' O/'iell t. 

The/'(' II/'e illdicntions thnt ee/'tnin plL/'lIsit.Pf; found in the Orient, 
pfu'licllindy ,\[(I('I'()('elliI'UB yijlU'II8is lind It/llf'{'olat{/. jJ/l.lIl'toria, IIlthough 
ll1or'phologielllly illdistinguislmhle fr'olll si/llilu/' spet'i{'s foulld ill 
li;urope, n(\\,p/'t\IOI('Hs I'xhibil biological dilrc/'(~I1('('s ",hl'll lii>t'r'nt.ed ill 
;\forth AmC/'iell" 

In tpllsi \'(' in \'l'stigntionH ill thp OI'il'n lnl an'lIs would 1I1Idou btedl,)' 
Ipud toO the disco\,pr',Y of ndditional ptu'usill's of the co/'n bol'cl', pn/,tie
ulllr!y of tIl(' I'gg stnge (whieh would be espl't'inll,Y valull ble in till' 
estlliJlishnH'nt of It, plll'l1sitl' "sl'quPllee"), nnd would posHibl'y indicuh' 
lo('n.tiolls wherc known PU/'uHitcs, now difIieul t to 0 btnin, llIigh t bc 
sceured ill In/'go llumbcrH. 

Owillg to the low ('ost of Iubol', the collcet:ion of inseets ill the Orient 
t.ends to shO\\' groaler retUl'1I for' l'xpclldit 111'1' of funds thun ('olild be 
cxpeeted fl'o/ll ~l similul' ('xpPllditli/'(\ ill almost nny otiJ('r purl of thc 
wodd, 

LIn~RA'I'unE CITED 
(I) BAIICIH'K, K. W. 

11)27. 	 'I'IIN 1>J11t()1'1'J,\~ ('()It~ lIolum, l'\'IlAl'H'I'A NUIIII,AI,IS lIi'B~.: I. A IlIS
(','S:;IO", (H' I'I'S J)()It~IA~'I' 1'1·;ItIOI), Jo;('olog',\' R: -Iii ;'if!. 

(2) 

1f!27. '1'111') l';l'ItOl'l"'~ {'()II~ 1I0IU';II, I'YII,\I'S'I'A Nl'III1"ILIS lIi'BN.: II, " I1IS
('USSI(I~ 01<' I'I'S SEAS()~AI, IIIS'l'OllY I~ IIJ,;I,A'I'I()~ '1'0 l'AIlIO!'i; 
l'1,DIA'I'I,)S. Ecology S: 177 Ina. 

(al ~--.-,. :llId VANn], A. M. 
1!l2f!. 'PIn: ('(lItN IHIHFJIIIN ('FJN'I' itA I, Jo:l'ltol'FJ. ,I 1I1';\'''']\\' 01<' 1~\'~]S'I'IO"'I'IONi; 

"'110M 1!l~1 TO 1I1~7. l '.K Dppt. Agl'. T('(·h. BIIII. I at., iif> pp., ill liS. 
(4) 	 C,IF~'llE", .1>. ,I., :lIId \\'011'1'111.1>", L. II. 

11)27• .I I.'llOlllIEHH II~:I'()II'I' ON 'I'II~J I~\'I~S'I'IGA'I'IO~H (n' 'I'1I1~ ~;unnl'~)AN 
"OIlX BOUI~ll, l'.H, Dppt. Agl'. BIIII. 147(;, lii;i pp., ill tiS. 

(iiJ C ..llt'l'\\'llIC:II'I', W. H. 
I 1)38. OIlfH;UVA'I'J(J~H ()~ 'l'ln: FJ(1It1lJ'~)AN (,Oll~ IHJlUJlt AND I'rs MAHHt 

".II!.ISI'I'EH 1:01 '1'1"': ()1I11~~·I'. (',H. D('p(. AI!;I'. Cirl'. 2fl!l, 14 pp.,
illlIll. 

(OJ CI"IUS~)N, C. P. 
Ul31. INi;~:("I'S IN.It'IUOI'H '1'0 AIlUJ('(lI.'I'l'ltJo; I~ ,IAPAN. F.H. Dt'pl.. Af.,I'J·, 

Cir(', 10K, 1111 pp., illll:;, 

, 


• 

J 
.,. 

... 

J 
.., 

II 

http:lii>t'r'nt.ed
http:plL/'lIsit.Pf


EUROPEAN CORN BOREH 1N 'I.'HE ORlEN'I' 37 

(7) ,JONES, D. W. 
1929. uIPou·r.m PARASITES OF TIn) EUHOJ>EAS (,OHN HaRER IN AMEHleA. 

... 

(8) 

(I)) 

U.S. Dept. Agr. Tech. Bull. !l8, 28 pp., iIIus. 
--  alld CAF.'REY, D. ,J. 

1927. S1'A'I'US (W IlIJ>OIt'l'F:[) PAltMWI'ES (w 'rln) .:(TltoJ>EAN 
LT.H. Dppt.. Agl'. Cin'. 14, H pp., illuH. 

PAllKF:lt, H. L. 

COltN 1I0ltEII. 

(10) 

1931. lIA('ROf'EN'I'lttrH On-tTl,SSIS ASIIM.:AIJ, A 
J>AltMH'I'FJ IN '1'1n: .Jt1llOP.:AN ('OItS 
Tl'l'h. BIIII. 2:30, n:{ pp., illIlH. 

PI,,\SK, II. 1\. 

P(JI.YtlMIlHYOSIC IlItA(,OSIIJ 
1I01tFJIt. l'.H. Dept. Agr. 

1929. NI,lL\'I'ODER I'AItMWI'IC' ON IJIA'I'HAtJA SAITIIAItAI.IH t'AIlItI('IUS IN 

(II) 
('L'IIA. 

HWE:lE\', O. H. 
.10111'. I':eoll. ";nt. 22: 982 08:3. 

(1)29. '1'111, 1I0STH 01' (,IU,~I,\HTI'H IIY.\IEXIAI~ I'It:ItI~('K 
EIIL Hoe. Prot'. 7: 281. 

IN I1A.IL\II. Hawaii 

( (2) TII()~II'S()N, W. H.., I1l1d PAItK.llt, rl. L. 
1928. 'l'ln: IHmOI'EAN ('oltN IHlIU1H ANI) I'I'H I·ON'I'ItOI.I.INCl FAI."I'OHS IN 

(i al 
IWHOI'.:. \:.H. H('pt. Agr. T('('h. BIIII. I,!), (i2 (lp., illus. 

alld PAItKI':H, II. L. 
I !lao. 'l'ln: MOltl'1I0lAH1Y ,INO 11101.011 r (W .:I·I.I~IN .;HI.\ ('IL\SHII"E~II~It, AN 

DII'Olt'I'AN'I' I'AItAHI'I't: (W 'l'lIl~ EI'ItOI'I';\'\" {'(lH'\" 1I01tEU. ,Iollr. 

II·jl 
Agl·. !t{'st'HI'ell 40: a21 

VAS('I~, A. M. 
a·I.'i, illw;. 

19a1. ,\PA.:>"I'EI.EH 'I'II()~II'S()NI I. rI.I,: , .\ IIIL\t'O.:>'IJJ l'AHMH'n: 01' Till' 
EI'IWI'EA.:>' ('OIlN 1I0IU,H. \' .S. Dppt. Agl'. '1'1'('h. Bull. 2aa, 28 

j !.i) 
!lp., illIlH. 

10a2. ~1I('UO(jAK'I'EIt '1'1111,\1.18 Xt:gH AI' .\ IIY,\ItlNOI'·r.;HOI'8 PAHA81'I't: {H' 
I'YH,\l'8T;\ Nl'1l1l,,\I,18 II ['liN. IN EI'HOPE. Ann. Ent. Hoe. Amer. 
2ij: 121-135, illwl. 

-. 




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
WHEN THIS PUBLICATION WAS lAST I'RINTED 

Secretary of Agriculturc_____________ _____ HENRY A. WA],Iu\(,E. 

Undcr Sccretar!} __ • ______ • _______________ R~lXI"Olw G. '!'mlWtlI,L. 

Assistant Secretarll _____ .· ____ . __ . _______ ._ M. L. WILSON. 

Dircc/or of Ji:x'c1/.,~ion 1V0rk______________ C. W. WAIWUH'J'ON. 

Dz:rcctor o! Personnel. __ •. ___ . __ .. _ w. W. S'!'OI'KIHJltmm. 

Direc/or o! ill/orlllaUon. __ __ . . _ M. R. EIIH;:'IIIOW~JIt. 

Director o! /,'lrW1!cc. _ ,V. A .•TU:'II', 

Si>lici/or.. . S~;'I'II TnOMAf\, 

Agricultural AdjIlS/It/.l'li/ ,1(/mfnis/ralioll ____ ClltlS'J'I~H C. Ih \,IH, ,·trlll!ilti.~/rator. 

Bureau. o! .lariCllliural BC()1I.olllics. _ • Nil,S A. ()I.S~;:-I, Chil'!. 
Burccw o! Agricultural R/lgi lII'rrin(/ _ ._ _ S. H. 1\'1 ('Cnolt Y, Chic'l. 
13lm'clIl. o! ilniuwlinriuslry_ .JOIIN R. MOJJl,lm, Chief. 
Hlm'all o! /3iological .':i/lI'Vr!l_ .1. N. D,\ItI,IN<:, Chir!. 
/3urean o! ChcmiMr!l awl Soils II. G. KNI!1I11', Chirf. 
O./Tice o! Coope/,(/!.ive e:rlc/l.~lrJ/l Work C. H. SMI'!'II, Chief. 
Bureau.o! Dniry [lIciustl'lI O. K Rtltlll, Chief. 
Hureal/. o! fi:n/omolo(1!I a/ld [Jlllnt O/lUl'nu/i/ll' L~;g A. 8'I'HO:-l (I , f,J!:il'f. 
OlTtcc o! l?xl'ed'll/('n/ S/ali()n.~ _ ,JAMgS T. ,L\HDI:-Itl, Chief. 
Food (Inri Drll(/ Ar/minis/m/io/l WAlll'~JIt C, C,utl'flgl,I" Chin!. 
Forest .scrvice. l~tlIWINANU A. fill.COX, Chief. 
Grain FII/.!tr('.~ Atlministrat-ioll-.. .1. W. '1', DUV~ll" Chief. 
Bureal/. o! 1I0llle geonomlcB_ LOl1IS~; H'I'ANI,tlY, Chief. 
LibraT/! _.. CI,,\Jtlllt;t, R. BAUNtl1'1', Librarian. 
iJ IIrea 1/, o! Plant Indus/ry__ I\;-WWI,I,S A. RYERSON, C/u:cf. 
BllrCCllt o! Public UO(/(/.~ .... _ TIIO~tAS H. MACDONALD, Chief. 
lVenther Bureau ... ____ .____ WII,I,IS H. GUtlGG, Chief. 

This lJulldin j,; II (,Ulltl'iiJUtiOll frOIl1 

Bllrcnu o! Entomology and Plan/ OIl(lrc//l.!iUC_ Lgl~ 1\. 81'fWNG, Chief. 
Dh.ision o! Cereal ancl Forage Insects_ .• p, N. ANNANJ), Principal Entoll/ol

oais/, in Charge. 
38 

U $' GOV£RNM('jT PRINTING OFFICE! 1934 

'--'-----'" -'~---~ 
I·'ur· salt. b.l· till' KUI"'!'llIll'lId"1I1 qf DIIl'UIIII'1I I I:l. \\'uHblllJ;tOIl, D.C. - - ...... - Prk\. 5 cents 

1{<if i~J 



t, 

..' 

.~,...-,~..... 


