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THE EUROPEAN CORN BORER AND ITS
CONTROLLING FACTORS IN THE ORIENT
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STORY AND SCOPE OF CORN-BORER PARASITE
INVESTIGATIONS IN THE ORIENT *

Tnvesligations of parasites of the Buropean corn horer, Pyraunsta
aubiled=tihn, in the Ovient were begun i the spring of 1928, when
Wo B Cartwright was sent to Japan by the Burcau of Entomology of

the United States Department of Agriculture,  Corn-borer damage

e worlber wishes Lo oxpress bis appeeckniion of thae wid recelved fromm £, 5, Cidfrey, i1 elueege of earn-
burer researeh In lie United Biates, in the prepacntion of the mapuseript, K. W, Batreack, of the Poteda,
Uhdo, corn-borer lboratary, mcde srny helpfind sucostions nnd his assistanee with Uhe preparstion of ilie
seetfon on Clinate Type sl 11y Belotion Lo the Nuinber of Generations Apnoaly is pracin)ly nekuow-
ledged.  'Fhe writer is indebled 1o Phillp Luginhill, of tie Manrow, Mich., cory-turer Inhorniory for assist-
ance in copnection with the illnstralions.  The geavrad sutline of this bubletio s similor te thet previously
nsedd by Thosusen and Parker £723,2

# Undle munbers in parentboses vefor o Bileruiare Ciled, p. 38,

? Qfficinl cooperation wad contucls. Throughout thy period doring wiieh Juvestations wore conditel e
in the Oriont the Boresn of Enigmology of the U5, Deparbipent of sapricaliare reeeived tha whole-henried
vontieration of nmny Japanese entapahgdss, seronsnoses, sl others engigal in stadies of the verions
i:hu.wtm olngrieilione. Hpace does not peroit mentioe by saee of sl of *lose wit b when eaitact wis minds,

it o n pleasnre Lo mewidon lere soaisndier of these who gesatel] wmny vees, ‘Phe ste T Kowaenon,
then in charge of Lhe entainologicn) investizations: of the Gnperin Uoveriment of Jagitn, was consiantly
socessible nd contribaied i many ways [0 the suceessful comdegt of Uese investipitions, O, Akivaom,

T —Bi—]
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had been recorded in Japanese literature for al least 30 years prior to
1hat fimne, and some adult specimens of P, nubilalis collected in Japan
had been reeeived ab the Arlington, Mass., laboratery from T. R.
Gardner, who was then loeated in Japan. _

During the {irst 18 months of his stay in the Orient Mr. Cartwright,
wis engaged largely in muking official contacts with Japanese enton:-
clogists and in fravel to investigate the distribution ol P. nubilelis
and the distribution and relative abyndance of the parasites of this
insect that were discovered, :Dlll'lllg this p(‘l'lO({ he and his assistants
111\'(‘Stlgil.t(.‘{l conditions relative to the corn borer in the Jflp!ll.l(‘Sﬂ
archipelago, including southern Hokkaido, Honshu, Shikoku, and
Kyushu Islands; and in Taiwan (March 1929), Chosen (Koren), and
Manchuria (June and July 1929), In Mareh 1930 Mr. Carewright

D p E ; i " " 2]

visited the Okinawn (Loo Chu or Ryu Kyu) Telands but found no
P.nubilalis.  Mr. Cartwright was in charge of all corn-borer investi-
gations conducted in the Orient by the Burenu of Entomalegy from
the time of his arrival in the spring of 1928 unti! he returned to the
TUnited States in August 1330, During this period of approximately
2 years and 3 months, 572,260 corn-horer larvae containing 5 im-
portant species (Lydelle grisescens, Cremastus flaroorbitalis, Macro-
centrus gijuensis, Jnareolatu punctoria, and Nemorilla floralis) of para-
sites, and 873 adults nnd cocoons of 6 specles (Microgaster tibialix,
Dulimaeria alkae, Cremastus flavoorbitalis, Phoeoyenes sp., ITnareolate
punctorie, and Brachymeria caploeae) of parasites, including lour
species not contained in the host larvae, were shipped to the United
States.

The writer was senf Lo Japan in Seplember 1920 awd was associated
with Mr. Cartwright until his departure for the United States,  The
writer was in charge of corn-herer investizations in ithe Orient from
Beptember 1, 1930, until the conelusion of the investigations in that
area 1n June 1932, During this latter periodd mueh more emphasis
was placed on the collection und shipment of parasite materinl than
had previously been possible, with the resull that 2,018,875 corn-
hover larvae (*.nnt'nmmg S Epecies of ])m‘ﬂi—‘\ll(‘ﬁ, and 19,23?. '[)ﬁ-l‘IlSllL(‘S i
the cocoon or adult stages were shipped o the United Stutes {Lables
G and 7). The inereased size of (hese shipments over those ol previous
vears was matle possible by the exploratery investigntions previously
in eharge of plind-guaraatine inspeetion work nt Kobe, Bindly offered the use of 8 Twpe biboralory sod
office rooin in the Kobwe Plant Quarnaiine Bating and Costom Inspweetion Honse from the ineeptime of
these investeatians unti! Aireh 1931, when the room was needed for use 85 0 haneybee-inspection lnlorn-
tory.  Mr. Akivame alse mudle Dis library avadiphble ot any Jme,  Tharingg (he perigd when stodies were
Leing mpde in Kyushy 1sland, the mew at the Kamamoto Agricvllural Experient Siation were of very
preat pssistones, S, Puaji ¢ the direetor of s experimend station, Y. Koba is the ertotnalogist, ami
T, Fulimetn is the stetion ngronomiist.  T'hese dhres men were slways sger wasslst g any way pessible,
During the spring and sumsrer of (23 ¢ room ag the experiment statinn was mele available for corn-horer
parnsite investipations,  In the spring of 1841, and sgainin 1992, Mr Fujimeto arrunged for Lhe phuoaing
nnd eare of o munboer of fiekds of hetr foe wgse o egnfection with ecorn-borer investiguilons.  ‘Uhrough the
kind efforis of (3. Okalima n lnboratery room nt the Troperial College of Agricultare ar Kozoshinm was
inade nvnilable for the suemimer of 1631, My, Okojuns slse necompanled the writer on o teip in soithern
Kugoshimu Frefeeture,  Both he and TE Murnta, of the Laperinl Coilege of Agriculiure, gove calaabibe
nird on 0 number of geensions, N, Takalinshi, treeror af Lhe agciculteral experient station ot Shinriin,
Chosen, qraciously supied e nse of o roam at bis experinent stadion daring October nidl Novemnber of
1929, Mr, Tokahushi anil M. Epuchi, the sintion entomologist, gave nll possible ussistance on numerous
oecnsions., A, Hamaun, direetor of the experimend station ul Taug Ching Tsan, Manchuria, aided min-
terfally in the investigntions. M, Yanapiwarn, a0 enbmnologist of the susareane experfmend siation Al
Shinlown, Tuwnt (Farmosnd, spent mnny dnys asslsting in corn-horer stidies in southern Taiwan during
12, 1, und 1930, Kaowledge fenoired af e eurt hoeer and (65 parnsites fo this region reoalted larpely
fraan stucliog gonduetad or direetod By this enbonologist, Duaring Apeil nod Moy 1932 be accmm panied
the wriler onon ins estizntioesl Lelp and Lags enabiled bim o seenree live prragites for introduction into the
United States,  Finally, proceln] aekpowlsdgment 5 mode of the nssistance rendered by 5L Yoshiknwn,
Y, Godo, and M. Suzuki, Japeese Interpireters and pssisiants, whooe Indostey aond tnthinloess cotnribied

Tarpely 10 the sneeessiul eonduet of these investipations, . .
t For more detalled Information conperning this carlier perlsd, see Cartwright (5),
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conducted by Mr. Cartwright. 1n addition te the loregoing ship-
ments, 12,000 corn-borer larvae, containing the important parasites
Lydella grisescens R. D. and Cremastus flurcorbitalis (Cameron), were
shipped to the istand of Guam on December 7, 1930, Seventy-seven
adults ol two species (Namthopimplae stemmator (Thunberg) and
Trickomma cnaphalocrocis U('hic{u) ol parasites of the hover pupn
were successfully brought by the writer to the United States from
Taiwan in June 19352,

GEOGRAFHICAL BOUNDARIES, CLIMATE, AND AGRICULTURE OF
THE SECTIONS STUDIED

Tor convenience of reference the areas studied have been desig-
nated as sections, ench of which is different [rom any other in some
wayv, either in climale, crops, number of generations of the corn
hover, parssites [aund, or in some combination of these [entures,
These seelions, shown on the acecompanying maps (figs. 1, 2, and 3),
are as follows: In Japan, Kutchan seetion on Hokksido lsland,
Utsunomiva and Hiroshima seetions on fHonshu 1sland, Tokushima
seelion on Shikoku Island, Kumamete, Kokubu, ilivalkonojo, and
Aso seclions on Kyushu Island ;) in Chosen {ISorea), Hetjo and Kanko
seetions; in Manchurin, Chientao seetion; and in Taiwan (Formosa),
Tainan section,

Climatological data for the Toregoing sections aro given in table 1
and chimographs for each are given in figures 4 and 5. Records for
Sapporo, Kagoshima, Miyazaki, Lung Ching Tsun, and Genzan are
given for Wotehan, Kokubu, Miyakonojo, Chientan, and Ianko

sections, respectively, since they were the only records available
and are believed Lo be fairly representative.
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Tapun L—Mean temperatures and. precipiteiion in 11 corn-borer sections in tie
Crient, also in 1 odditionel locality in Fapan, and J loculity in the Uniled
States —Countinued
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The oriental laboratory for the study of the corn borer was located

in Kobe, Japan, and climntological records for thal eity are included
as o matier of interest,

JAPAN
RIMPCHAN SECTICN

Kutchan seetion (fig. 2, (1) extends from Karibnto on the south
to Yoichi on the north, and [rom Rutehan, the most tmportant city
in the section, cast to Wakikata, The winters are very cold, with
an average mean temperature of 24.3° . for the 4 months ol Deeem-
ber, January, Februsry, and March.  The precipitation averages 0.3
inches, which is well distvibuted throughout the vear (fig. 4, 21,
Usually from 3 to 5 feet of snow {alis during the winfer months.

Pole beans, the principel summer host of the borer in this section,
are grown throughout the Kutchan seetion, bumboo poles being
used for supports. In various loealities many young apple orchards
are being set out and heans are planied between the trees. When
these trees reack full growth there will undoubtedly be & decrease in
the production of heans with a consequent reduction in numbers of
the corn borer. Bean lund is graduslly being turned inle rice fields,
afthough 5,000 acres are still planted to pole beans.

A totel of 5,200 larvae, obtained st Nutehan, were sent to the
United States during November 1828,

UTHEUNOGMITA SBOPION

The territory drained by the River Daiya in the center of Tochigi
Prefecture has heen designated Ulsunomiya section (fig. 2, 8).
This extends frem Nikko to Utsunomiya and is in the center of the
hemp-producing area. The annual mean lemperature is 54.08° T,
and the preeipitation averages 62,6 inches peryear (fig. 4, ). Hemp
(Cannabis satira 1..) is the principal host plant in this section [rom
which collections of P. mtbimeis aml ils parasiles were made,

o ¥
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A total of 195 speeimens of Phaeogenes sp. in the adult or pupal
stage were shipped to the United States from Lhis section,

. HIROSHIMA SBOPMION

Hiroshima section (fig. 2, ¢} is located in the southern part of Hon-
shu Jsland, the main island of Japan; it extends inland {rom the city
of Hiroshima to the border of Shilmane Prefecture and includes the
towns of Mivoshi, Timure, and Kake, This is also n hemp-growing
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RAINFALL (INGHES)

Frocue . Climoeraphs for vorious seetions of dnpan: L1, Katelan (records for Sapporod: i3, Utsienomivn;
€, Uiroshiom; 7, Tokushitm: %, Kammoosto: #, Kokl teeords for Kigoshimn). . Niunbers in Lho
eraphis fndiende the montls of Hin paer

section, although it is said that the production of this rrop is deereas-
ing. In the limuro locality of this seetion the nematode Hesamermas
mertdionalis Steiner parasilized 31 percent of the corn-borer larvae in
the summer of 1930. The climate is mild, with Jure and July the
wettest months (fig. 4, ). No live parasitos oblained in Lhis section
were sent to the United States.
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POKUSHIMA SECTION

Tekushima section ({ig. 2, 12}, in Tokushima Prefecture, on Shikoku
Isiand, lies slong the River Yoshino, north and west of the city of
Tokushimu., The climate s mild and the rainfall is veelf distribnted
threughout the growing season (fig. 4, 7). This is the main indigo
{Polygonum tinctorinm Ait.) section of Japan, although asmall ACPEREC
is planted to the erop in some other sections.

No parasites obtained in Tokushimn seclion were shipped (o the
United States.
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Traure 6 Climographs for various soeetions of Lhe trbmi: 17, .\i!_\’:akimoln freverds Tor Myvazalh; 72,
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ers In the grapds Bndiente Uee qinntis of e yoar,

ROMAMOTO SEUTION

Kumamolto section (fig, 2, ) emhraces v steip along the western
shore of Kyushu Island lrom Omuta to Hitovoshi and extends sbout
20 miles indand.  This is o lowinnd distriet und the procipitalion is less
than in the more southerly Kokubu and Miyakonojo sections, but the
summer temperatures are as high as those of Kokubu or Mivakonoio.
The average mean temperature for the year is 59.8° F. (fig. 4, £).

L]
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Millet and hemp are grown in this section, the hemp being especially
abundant in the southern part of the section around Hitoyoshi.

A totnl ol 1,062 cocoons of Cremastus flareorbitelis (Cameron), 10
adults of Brachymeria ewplocae (Westwood), and 2,500 host larvae con-
taining . flavoorbitalis, Lydelle griseseens R. D., and Macrocentrus
gifuensis Ashmead were obtained in Kumamote section and shipped
to the United States,

KOKUHU SECTION

Filteen miles north of the city of Kagoshinm there is n narrow
vulley extending 20 miles inland, with Kokubu as the principal village
(fig. 2, /. The soil in this valley 18 well fitted for growing tobaceo,
and this is the impor{ant ¢ash erop grown in the carly spring and sum-
mer.  Toebaceo is usually followed by millet, a favorite host plant of
the corn horer.  No figures are availuble to show corn-horer infesta-
tion in millet in this valley, but 534,400 corn-borer larvae wore col-
lected from millet grown in this seetion during the winter of 1931-32,
The climate is warm, the mean temperature averaging 62.2° IF, and
the precipitation 85.2 inches por year (fig. 4, &}, The southern pary
of Kyushu Island which includes lokubu section is often visited by
very heavy windstorins in the late summer months.  These storms
somelimes seriously damage erops and mny destroy corn-borer larvae,
although no informution was abtained on this subjeet,

A tolal of 536,400 larvae (neluding 2,000 from Kagoshima), con-
{uining Tnareolata puactoria (Roman), Lapdelly grisescens, Cremastus
flavoorbitalis, Maoerocenirus gifuensis, Nemorilla florelis 1allén, and
Phorocera erecte Cor., wore shipped Trom Kokubu section to the
L'nited Stales, ng shown in table G,

MIVAKONOIO HBECTION

Miyakenejo seetion {fig, 2, @Y is quite similar (0 Kokubu section,
except (hat avernge vearly preeipitation (101 inches) in the former
exeeeds that in the Iatter by 15.8 inches,  Miyakonojo seetion has o
greater annual precipitation than any other seeiion studied.  January
s 1he coldest month, with o mean tempernture of 44° K. and June 1s
the month of grentest rainfall, with an average of 15.2 inches {fig. 5,
¢, and (able 1}, Almost ull the corn-borer studies and parasite col-
leetions have heen made on o cultivaded tableland about 25 miles in
dinmeter, situnted wesi of the cily of Miyakonnjo.  Miyakonojo sec-
tion extends from the interior border of Miyazuki Prefecture.to the
seneonst, nnd comprises the territory drained by the River Oyodo and
ity tribuluries in Miyazaki Prefecture (fig. 2).  Approximately 75
pereent of the arable land of this section is given over to millet pro-
duction in the Tall of the year, and itis from this host plant. that over-
wintering 1*. nubilatis larvace wore collected {rom 1928 o 1932.

A total of 1,065,869 corn-borer larvae containing Lydelie grisescens,
Bracon atricornis Smith, Macrocentris gifuensis, Cremastus flaroorbi-
talix, and Nemorilla florelis, were colleetfed in Miyuakonojo section andd
sont 1o the United Stales (table G}, Twelve thousand larvae shipped
to (he island of Guum in December 18930 were also obtained in this
seelion.

T =Y
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The Aso section consists of the hilly country around Mount Aso, in
Kumamoto Prefecture. This scction has an elevation of 2,000 to
4,000 feet, whereas Kumamotoe section in the same prefecture is only
50 to 500 leet abovesealevel. Consequently at the elevations prevaii-
ing in Aso section, crops sre grown which arc not eullivated in the
lowland, Ten thousand acres are annually planted to field corn in
Aso section, but corn-borer infestation averages 10 pereent or less and
associgted borers are also present.

Lydella grisescens is the most important parasite of . nubilelis in
this section. No parasites were obtained in Aso scetion for shipment
to the United Stutes.

CHOSEN {(KOREA)

HELG SECTION

Heijo section vonstitutes that portion of northwestern Chosen, in
Heian Nan Do Provinee, between the River Seisen on the north and
the River Daidoku on the south, and extends inland from the shore
of the Yellow Sea to the town of Tokusen (fig. 3, 7/).

The rainy season in this section oceurs in July end Auvgust, with an
average precipitation of 17.9 inches lor these 2 months. There are
18.5 inches of rein during the other months, making the total rainfail
36.4 inches per year, The winter months sre cold, with an avernge
mean fempergture for December, Junuary, and February of 20.7° I,
{fig. 5, H, and table 1).  Grain sorghum is the erop from which corn-
horer Inrveae and parasites were prineipatly obtained. A total of
358,400 host larvae, containing principally Aecrocenirus gifuensis,
were collected in Heijo section and sent to the United States (Lable 6).

KANRKG SECTON

Kunko scetion is on the opposite const from Heijo section (fig, 3, 1)
and horders upon the Japan Ses, extending from Genzan along the
coast to Jokko, Winters are warmer and summers slightly cooler
than those of the Heijo section, although the avernge mean tempera-
tures for the two sections are appreximately the same—bhelween 48°
and 51° F.  The precipitation here Is 55 inches per yenr (fig. 5, /, and
tables 1 and 2}, As in the Heijo section, grain sorghum 1s the most
important host souwrce for larvae of P. awbilaelis. A total of 1,600
Iarvae. were collected in Kanko section snd shipped to the United

Stutes (table 6).
MANCHURIA

CHIENTAQ SECTION

Chientro section (fig. 3, J) is located in southeastern Manchuria,
just north of the Chosen-Manchurin boundary, snd includes the cities
of Lung Ching Tsun (Ryusaisan), Yen Chi (Chutzukai), and Nan
Yang Ping.  The territory investigated Includes a strip only 10 or
15 miles wide on each side of (he railroad hetween the shove-named
three cities, Chientao section is charactecized by very cold, dry
winters and comparatively warm summers {fig, 5, JJ, and (sble 1).
The total annual precipitation is only 20.0 mches in normal years.
Soybeans, millet, and grain sorghum (kaoliang) are the niost Important
crops.
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A total of 621,175 corn-horer larvae, with from 8 to 18 percent
parasitized by Inareolate punctoria (Roman), and 18,795 cocoons and
ndults of Fulimnerie alkee (Bl and Sacht)) and Microgaster tibialis
Nees obtained in Chientao section were shipped 1o the United States
(tables 6 and 7).

TAIWAN (FORMOSA)

TAINAN RECTION

The Tainwgn scetion (fg. 3, K) is considered to be that part of the
coastal plain of southwestern Taiwan extending from the vicinity of
Kagi on the north to Keishu (south of Heito) on the south, and from
the sencost on the west to the foot of the mountains of the great
central renge on the cast,

Conditions in Tainnn seetion wre very different in avery way from
conditions in the other sections studied.® ‘T'he climate here borders
on the tropical, for the section lies helow the Tropic of Cancer. The
rvernge mean temperature at Tainan, near the centor of the section,
15 73.4° IV, and for the 6 hottest months, Muy o October, the average
15 79.8° I (table 1. Precipitation is high, averaging 66.1 inches per
year (fig. 5, A, and table ). The § summer months from May to
September receive 86 pereent of the Lotul ruanfull, and the 6 months
from October (o Mnareh receive 6.7 inches. Thunderstorms ave
characteristic of this region during the summer sesson and are neconi-
panied by very henvy tropicul downpours. The section is situsted
m the typhoon region and each vear is visited by one or more of these
heavy windstorms which often enuse tremendous daninge to crops.
Typhoons occur only in the summer months, particularly during
Aungust and September  Climatie conditions in Tainan section closely
resemble those existing in certain portions of Florida, and the climo-
graphs for Tainan, Taiwan, and Bradenton, Flu., are very similar,
although Tainun is slightly drier in winter and wetter in summer.

Agriculture in this section is conducted by Chinese (who constitute
the greater proportion of the population), and the prineipal crops
grown are rice, sugarcene, bananas, und sweetpotatoes. Corn is
grown in small ficlds near the houscs, chielly for domestic consump-
tion, and most of it is grown during the period Februsry to June,
although small nerenges of corn are present ab almost any other time
of the year. Coconuts, papnyns, and other tropical fruits are well
ndapted to this region.

A total of 77 adults of two parasite species (73 Xanthopimpla
sternmator (Thunberg) and 4 Trichomma enaphalocroeis Uchida) were
suceessfully transported alive from the Tainan seetion of Taiwan to
the enstern part of the United States,

$ The hnbhs of tho corn horer tn Pinnn seetlon seem o diiTer from Hinge exhiblied in he other seutlong
in tha Orient nad in the Unlted Sides, M. Yanngiwara, on eniomologist of (he stgareane experiment.
stallang stnted that corn-horer ey were lall on Lhe upnier stido of e corn lonves a5 aften us gn the under-
side.  Young mrvanepmoarenuls frest ek the lassels nnd Lhen dpente dewn the stalk as in other seetions,
sinee the tassel was broken over el osuodly uninfested whon examinntbons were enele,  Batoin April 1032
many Iourth- nod ﬂfllhvh:lst:u: ]rlr\'uu‘wero Ttimd ouesile the Flnnlvul the b o the lenf Lilnde ar hetween tho
lend shenth nnd o sinlk.  Poppe were Inond 10 the spme ocalion,  Althongh this phenomonan tes hoan
nuled dyrlne investigations in the Umted Sinfos, it sewnetl o bo mneh more ovidont, 1 Taiwnn, Tho

farvae which were fouaied In Uhe stndks ssanlly e ol tanseled tmore i 2 {nelios, wiille larvie n surphar
in Haljo, Kanke, and Clientho seetiong usually mmnde tunnels at least 0 Inches long,
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DISTRIBUTION, NUMBER OF GENERATIONS, AND HOST PLANTS OF
PYRAUSTA NUBILALIS IN THE ORIENT

DISTRIBUTION OF THE CORN BORER IN THTE QRIENT

Pyrausta. nubilalis has been found widely distributed throughous
the territory scouted in the Orient. This includes Taiwan, Japan
(Kyushu, Honshu, Shilkoku, and Hokkaido Islands), Chosen, and
Menehurie, and embraces the area extending north and south from
the 43d to the 22d parallel of lntitude and cast and west from the
120th to the 143d meridisn.  No corn borers were collected or received
in shipments of insect collections from the Okinawa Islands, which
lie about half-wuy between Taiwan and southern Japan proper.
Corn in the Okinawans is said io be very severely damaged by borers,
but apparently this injury is not by . nubilalis. The corn borer
ulso exists in the istand of Gluam and in the Philippines, and has been
found in Java®

NUMBER OF GENERATIONS OF THE COIN RORER IN THE ORIENT

Beesuse the corn-horer investigations in the Orient covered such a
large ares. (Inrger than the entire infested arca. of the United States in
1932), travel Tacilities in some sections were slow, the nwmber of
trained workers was small, nnd the number of seasons spent in secur-
ing datn was limited, and since it wus necessary to place emphasis
upon other phases of the projech, no sustained effort was made to
obtnin seasonal-history data on the corn borer under field conditions
in any one section. For this resson the contained informution on
the number of genoerations is subject to revision when more detailed
studies are made. The information obtuined, however, will give a
reasonably correct iden of the number of gonerstions of the corn
borer ordinarily occurring in nll but one of the sections studied.

In Kutchan seetion of Hokkaido there is usuaily but oue generation
ench year, with o few individuals developing two generations during
favornble years,

Chientao scction of Manchuria {about on the same parallel with
Kutehan section} is undoubtedly & one-generation aren, although in
1932 o few pupue were found as early ns April 24,

Heijo and Kanko sections in Chosen should properly be tornmed
“transition zones” hetween the one-generation :m({ two-generadion
elimates, with n tendency toward the two-generation type.

Utlsunomiyn section, 1n the central part of the main island of
dnpan, is a bwo-generation aren, with perhaps o partial third gencra-
tion in fuvorable years. 16 is imporlant to note that in this seotion
mmoths of the first summer generation emerge late in July. This will
be discussed later under Agricultural and Other Practices Aflecting
the Corn Borer {p. 32),

Hiroshima section and Tokushima scction are three-generation
areas, although in the former there may be only two complete genern-
tions and a partial third in some years. Pupation of the first summer-
generntion larvae in Hiroshima Ken takes place about mid-July.
On July 16, 1931, it had reached 55 percent at Imuro in this Prefec-
fure. In Tokushinin the peaks of moth emergence are late in May,
in mid-July, and late in September.

¢ For warkd distribwstion of 2, wwbifetis, soo Calfrey ainl Worlhley (5.
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The corn borer develops three complete gencerations and a purtinl
fourth in Kumameto, Nokubu, and Miynkonojo scctions. These
sections should be considered as three-generation arens, as the partial
fourth is usually unimportans. A number of small larvace are present
in the fields during the winter months, and some of these are undoubt-
edly immature individuals of the partial fourth generation, but some
of them are undersized us o result of parasitizution by Cremastus
favoorbitalis, 1n 1931 the first pupa found in Miyakonojo section
was collected on March 28, A number were found in April, but
pupee did not become abundant until May, with the peask of pupation
oceurring approximately May 20. Probably this record was a little
carlier than during the average season.

In the mountainous area near Mount Aso there are probably only
twoe generations each year, although data from this section are not
sufliviently comprehensive to warmnt o definite statement.

The number of generations of the corn borer in the Tainan section
of southwestern Taiwan is unknown and ne reasonubly accurate
estimate can be given,  From superficial observilion it appears thab
several generabions develop each year.  All stages of the borer can
be Town late in April, although ut this time the majority of the
individuals are in the last lurval or in the pupal stage. There is
probably no true hibernation of the borer in this nrew, for the mean
tempersture of the coldesi month, February, is ¢2° F., which is
approximately the same as the June mewn teruperature in Massa-
chusetis.

CLIMATE TYPE AND I'l'S RELATION TO THE NUMBHER OF GENERATIONS ANNUALLY

The dilferent types of corn-borer seasonal history, ranging from one
generntion annually to o multi-generation cyele of developient, are
associated with narked diversity in elimate. Certain  climatic
charneteristics of different annuai-eycle zones are presented in table 2.
The association between the number of months with a normal mean
temperature of 60° I, or above, and the number of generntions
annually is evident. The range in both these feabures is clearly
shown in table 2, (rom Kutehan with one generation to Painan with
several gencrations snnually,

Tanuy 2—Clinatic indives of differeal seasonal cyeles of the Burepean corn horer
in the Grivnt
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The data in eolumn 5 of table 2 substantinte the importance of
the use of the niean temmperature of Mareh 25 an index to climates
inducing a given number of generations annually.

The average precipitation during the dormant period for the
1-generation and 2-generation Ly]ms of climate (sections 1 to 5,
inclusive) is 11.8 inches, while an average precipitation of 23.1 inclies
(almost twice as much) is available during the dormant period in
sections with three or more generations (sectlom 6 to 10, inclusive).
This contact moisture during the dormant period may be ol import.
ance in mesting the physiological requirements of the larvae (1).

As might be expected, precipitation during the dormant period is
not always the most important activating influence. A comparison
of the climatie data for Miyakonejo and Tainan {table 1) indicates
the lessening in importance, under these conditions, of totul precipi-
tation as an index of the number of generations annuslly.  Sume-
where within the range ol climates between these two, a. Ulustrated
in elimographs @ and X (fig. 5), the temperature would be sufficient
throughout the year to loster the development of several overlapping
generations. Where this condition ol continuous development
occurred, the Inck ol precipitation during any series of months
would pmbnbly be reflected in a lowered rate of larval survival.

In order to visualizo easily the association between climate type
and developmental eyele, comparisons have been made between the
normal climates of important seetions in the Orient and the “standard
nermal gne-generation climate type as used by Babeoek (2) for the
central European corn belt. These data, us presented in table 3,
ImI;'le been compilad from the meteorological data contained in
table 1.

Tanue 3—Climatological dale on corn-borer sections in the Criend compared with
the one-generulion areq of the central-Furopean corn bell wsed ts n stundard
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The most marked climatic scparation hetween distinet zones of
l-generation and 2-generation habitats, viz, Kutchan and Utsu-
nomiya, lies in the increase of both warmth and available moisture
during the dormant period as compared with the “standard.” The
change from & 2-generation o n 3-generation annusl cycle is asso-
ciated with higher temperatures throughout the year.

The production of a trausition or borderlaud habit of 1 generation
or 2 gencrations seasonslly, as the weather [(lucluates, is aptly
illustrated by the normal climate of Helje. In this climate the
dormant period is distinetly of the l-generation type, while the
growing-season climate is distinetly warmer and wetter than the
I-genecration “‘standard” type,

PRINCIFAL HOST PLANTS OF THE CORN BORER IN THE ORIENT

Hemp, corn, mille, and grain sorghum are the most important
host plants of the corn borer in the Qrient, although there are a
number of others, notably beuns nnd hmdigo. A complete list of
the host plants found infested during these investigntions is given in
table 4.  No single species of host plant is of importance over the
entire aren studied, although millet is found iu all except one of
them. Some host plants, such as zinnin and barnyard grass, were
found infested only a Tew times. Cotton plants were examined on
a number of ureasions in northwestern Chosen, but no corn-horer
infestation was found, though larvae of the pink bollworm {(Pee-
Hnophora gossyplelle Saund.) were common.

Tanue d.—Plants fownd infested by the Kurapean corn borer in fhe Orient,
1828 -3
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Hemp (CGannabis sativa 1.} is grownin a number of localities through-
out the majority of the islands of Japan proper.  This plant is a very
tmportant host of P, pubilalis in the most important hemp-growing
Prefecture, Tochigi (Utsunomiys section), in Hiroshimu section, and
in the southern part of Kumamoto section.  Babeock and Vance ()
state that corn-borer infestation in hemp couwld rurely be found in
central Europe; that region, however, is & typical corn-growing belt,
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and the borer offers no kindrance to hemp cultivation, sinee it is con-
centrated on other plants, mainly corn, in preference to hemp. In
Japan the corn borer is of decided economie importance to hemp eul-
tivation and in some arens has been responsible for drastie reductions
in the acreage planted to this crop. Clausen {6}, in o compilation
from Japanese sources, records F. nubilalis ns one of the insects of
lesser importance on the hemp crop, but the writer’s observalions
revend the corn borer as n major, il not the most important, pest of
this particular plant during the period 1929--31,

Thie corn borer usuaily injures from 10 to 20 pereent of the hemp
plants in Uisunomiya seetion, but often 50 percent of the plants in
wndividual fields are damnged.  In Hiroshima section infestation and
resulting injury are as high ns in Ulsunomiya section, and in Kyushu
Istund (Hitoyoshi} damage ns high as 98 percent has been recorded.
Inlestations ranging from 1) to 50 percent in flelds of hemp only 200
vards apart were obseived each year in both Utsunomiva and Kuma-
moto sections, and slthongh the causes of these varintions were not
determined during the course of these investigations, it is probable
that the explanation is to be found in dilferent planting detes and
rates of growth.

Beans (Phaseolus) constilute a very tmportant host of the corn
borer in the Nutchau seeiion of Hokkoido,  Damage occurs yearly
and Is sometimes severe.  String beans on the Kobe market were
foud to be infested, although no examinalions were made to deter-
mine the intensity of infeatuiion.

Clorn (Zea mays 1) 1s o host of the corn horer wherever it is found in
the oriental regions studied.  Infestation varies greatly, vom very
light to severe.  Corn is nol an important erop i any part of Japan
proper, with the possible exception of an aren in midwestern Hok-
l{ni(ﬁo and around the lower eolevations of Mount Fuji on Honshu
Island and Mount Ase on Kyvushu lsland.  Comn-borer infestation is
usually fght, but in o few seattered fields it may alleet 50 percent of
the plants during some seasons.  Corn is infested throughout the dis-
triets where it s grown in Chosen, but inlestation is usually light,
The exfensive corn-growing section near the western end of the
Chosen-Manchurin border has not been studied infensively,  Infes-
tations as high as 100 pereent were recorded from the corn in Man-
churia jJust across the border from northeastern Chosen.  In the small
cornfields of southern Talwan infestation by 20 nubilalis often is as
high as 100 percent, with 3 to 10 or more borers per stalk.  Iigh
infestalions are especially prevalent in the fall months in Takao Shu
Provinee, possibly owing to corn-borer concentration, for at this thne
the corn aereage 1s not so extensive ns in the spring months.

An examination of 7,800 plants at eito in May revealed o 100-
pereent infesiation, with an average of 1.57 horers per stalk and a
maxinum ol 28 larvae in one stalk.,  lufestation of corn slightly
farther north in the vicinity of Tainan rarely exceeds 30 perceat.
This difference in infestation in these two localities may be the result
of the abundance of the pupal parasite Nenthopimpla stemonafor in
the latter locality as contrasted with its apparentl scarcity in the
former.

Grain sorghum (Sorghum vulgare Pers.) is grown throughout Man-
churin and in northern Chosen, 1t is the plant from whicl 981,175
borer larvae nnd 18,830 parasite cocoons were obtained in the Heijo.
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Kanko, and Chientao seetions. Corn-borer infestation in this plant
in these sections ususlly ranges from 15 to 30 percent, with an average
of approximately 20 poercent. The stem of this plant is strong
ellmugh to escape breakage even when infested by 3 to 5 borers per
ant.

P Millet, principally Setaric ialice (L.) Beauv., is grown generally
thiroughout fhe Orient, where it is often an important article of
humaen food, especially in Chosen and Manchurin, Throughout many
regions of the Orient millet is o favorite host of P. nubilalis (reforred
to by the Japanese as *“nwa-no-mushi” or *awa-no-zuimushi”?, mean-
ing millet borer). Millet found on Kyushu Island during the late fall
and early winter months is occasionally seriously damaged by P.
nabilalis, but part of the damage must be attributed to another borer,
apparently a species of Sesamiu, which is commonly found associated
with the corn borer in infested plnnts.

Indigo (Polygonum tinctorium Alt.) is grown prineipally in Toku-
shima section, on Shikoku Island, and only about 100 ucres are to he
found in the few places where the plang is grown on Honshu Island.
Cultivation of this crop is rapidly decreasing owing to the competition
of dyes from other sources. Thus, in Tokushima Prefecture the nere-
age planted to this crop in 1927 was 1,600 ncres, wherens by 1930 the
ares planted to indigo in (he same prefecture was only 700 to S00
acres.  The "Ai-no-meichu” (indigo borer), as the Jupanese farmers in
the indigo section refer to £, nubilelis, infests indigo from year to
year. One hundred percent infestation of the plunts is not uncom-
mon, but beeruse of the branched habit of growth, and the ability of
the plant to send out now branches in place ol injured ones, the
intensity of infestation may not eause sertous injury unless the num-
ber of larvae per plant is very large,

Infestation is easily detected when the infested branches die and
become bluish black in color. Locul entomologists reported that
infestation by the borer and resultant severe damage occurred in
1830, but in 1931 the infestation and damage were found to be very
low in the Tokushims indige section.

Other crops and plants, such as chrysanthermum, dallia, zinnis,
dock, and barnyard grass, were found infested by P. nubilalis on one
or more occusions, but they are not of much himportance as host
plants of the corn borer. During 1929 and 1930 several examinations
of ramie failed to disclose the presence of PP. nubilulis in this plans,

BIDLOGICAL CONTROLLING FACTORS OF PYRAUSTA NUBILALIS IN
THE ORIENT

The only controlling factors to be considered in this discussion are
those of a biclogical nature, including the parasitic and predscious
cnemies of the corn borer in its various stuges. Other phases of the
natural control {as distinguished from “biological control” in its
restricted sense) of P. nubilelis are treated elsewhere in this builetin.
The climates of the sections in which studies were made have heen
treated in an earlier part of this bulletin, and the cultural control of
the borer, or the agricultural practices affecting its asbundance, will be
discussed in a later section.

The insect parasites and predutors are important biological control-
ling factors of the corn borer in the Orient.  Many of the parasites of

T2053°—44—3
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the corn borer in the oriental aren are simtlar taxonomically to those
found in the European ares, although there is alwuys the possibility
of o different biological reaction in the same parasite species collected
from different rvegions, Nevertheless certain important parasites of
P. nubilalis arc found in the orienial sections studied that apparently
do not exist in the European fauna. A complete investigation of the
corn-borer parasite sssociztion must include these species. A list
of the natural enemies of the corn borer recorded in the Orient during
the course of these investigations is given below. None of the pﬂ.m{2
sites lound on the islands of Japan proper or on the Asiatic mainland
have been Tound on the island of Tuiwan, which seems to present an
entirely different parasite association,

Insecel parasiles and other naturel enemics of Pyrauste nubilolis in the Orient

Parasites of the larva:
Diptera—
Liydelle grisescens R. D.
Nemorilia flovalis Fulién
Phorocera erecta Cog.
Hymenoptere—
Eulimineria alkae (Ell, nnd Sachi.)
Inareolata punclerie {Roman)
Canpoplez, new sp.
Cremastus flavoorbitalis {Cameron)
Aficrebracon sp.
Microgaster tibialis Nees
Apanteles thompsond Lyle
Apanteles sp.
Macrncenirus gifuensiy Ashmead
Bracon africornts (Smith)
Moniliales—
Beauvertu bassiana (Buls.) Yuilleman
Nematoda—
Hezamermis meridionalls Steiner
Parasites of the pupn
Hymenoptera—
Pligeogenes sp.
Xanthopimpla stemmator (Thunberg)
Xanthopimpla puncleia {Fab)
Trichomma cnaphalocrecis Uehida
Labrorychus tewuicornds (Grav.)
Brachymeria euploeae (Westwood)
Predators:
Coleoptern—
One carnbid, probably Plechionus sp.
Birds, probably woodpeckers

Ta addition to the 19 species of insect parasites listed above, 3
additional parasite species were colleeted, bub their specific determi-
nation is not known. These additional species, if actunt parasites of
the corn borer, arc not of great importance since they have been
infrequently observed nnd it is possible that one or more of them are
parasitic on borers closely associated with P. nubilalis,

As stated previously, several species of corn-borer parasites found
in the Orient were also found in Europe and have been imported to
the United States from the Intter arca.  Parker (9) has published on
Macrocentrus gifuensis, and Thompson and Parker {f 3) have studied
and published on Fulomneria alkae, formerly called f2. crassifemur,
while Vance has studied Apanteles thompseni (14) and dlicrogaster
tibialis (15). dJones (7) and Jones and Caflrey (§) have reported
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upon the status of these parasites in the United States. Some of the
barasite species found in the Orient are {reated separately in the fol-
owing pages, but no biological information is available about others
(Campoplex, new sp., Microbracon sp,, and Labraryclus tenuicornis)
which were very rare, only a few specimens having been obtained.

TRICHOGRAMMA SP.

Fge parasites of the corn borer in the Orient have not been thor-
oughly investigated, but probably somic exist. A species of Tricho-
gramma reported to be australicum was soeured and placed on eggs
of the corn borer, which it parasitized. Adults of the parasite ailed
to emerge; however, the host eggs turned blnck, thus indicating cllec-
tive parasitization.

LVYPELLA GRISESCENS R, D.

The tachinid Lydelle grisescens is the most important dipterous
parasite of the corn horer observed in the Orient. 1t is one of the
most widely distributed parasites ol the pest in thes rogion, ranging
from at least Peiping (Peking) on the north, castward throughout
Manchuria, Chosen, and Japan.  The parasite was obtarined from all
sections studied, with the exception of Taiwan (i which island
L. grisescens apparently does not oceur) and Tokushima section.
More extensive collections probably would reveal its presence in the
Jatter section, for it has been found in Koehi Prelecture, which is not
far distant frem Tokushima seetion.  Although this parasite has been
found throughout the range of the corn borer in the oriental areas
studied, with the exception of the island of Paiwan, it is not found
abundently in Chientao section and is certainly not ol mueh impor-
tance there. It is lound in quite large numbers in Heijo and Kanko
sections ‘n Chosen, in Utsunomiya and Hiroshima sections of Fonshn
Isiand, aud in all sections of Kyushu Island (Kumamoto, Kokubu,
Miyakonojo, and Aso). Tt probably reaches maximum abundance
in the latter secetions.  The study of this species was made in Miya-
konojo und Kumamoto scctions, and the following inforination applies
to these sections only.

The winter is passed as an immature larva inside the host. larva.
Emergence from the host larvae begins lIate in January, and puparia
are very numerous in the field during February. In 1931 approxi-
mately 1,000 puparin were collected during the first 10 duys of Febru-
ary in Miyakenojo seciion, Puparin are found inside the tunnels
made by {he host larvae in the host plants.  The puparium stuge
Insts from 1 fo 2 months, and ndults emerge in April and May.

Second- and third-instar borer Jarvae of the first summer genera-
tion become availuble for this parusite early in June, and one com-
plete summer generation of Lydellu grisescens is possed on the borer
by July 1. Hest Jarvae in all stages are present in the field iv Kuma-
moto and Miyakonojo sections for (he remainder of the summer and,
similarly, puparia of this parasite may be found at nlnoest any time
during the season. There is so much overlapping of the generations
of L. grisescens that it is not possible, from present information, to
state definitely the number of generations produced by the parasite
cach year, although probably four generations develop in the presence
of average or normal weather conditions. A summer generation
of the parnsite requires approximaltely 20 to 25 dnys. This parasile
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appears to reach its greatest effectivencss in the late sumnmer and
overwintering generations. It is not so cflective as certain other
parasites on the spring and early summer generations of the borer in
Kyushu Island. Z. grisescens has been collected [rom P, nubilalis
feeding on corn, hemp, sorghum, and millet.

A total of 71,995 adults of this parasite have been obtained from
shipments of Inrvae [rom the oriental arens. The parasite has been
liberated in the United States and has been recovered, indicating
establishment.

NEMORIN.LA FLORALIS FALL. AND PHOROCERA ERECTA COQ.

Not a great deal is known about tiiese two tachinids in the areas
studied. Both species were obtained from host larvae collested dur-
ing tho winter months in Chientao, IHeijo, and the Kyushu Island
sections. A total of 1,807 Nemorilla floralis and 835 Phorocera erecla
were collected in Heijo and Kokubu scctions, 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 material.

The three dipterous parasites given above arc the only species of
this group found parssitizing the corn 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 Chientao section, Manchuria, Parasitization 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 scems to be the scuthern limit of the occur-
rence of Hulimnerie alkae in the Orient, This parasite has not been
found on Honshu, Shikeku, or Kyushu Islands of Japan, In Chientao
section E. alkae is parnsitized by what appears to be o species of
Fwupteromalus. A total of 16,045 specimens of the primary parasite
have been shipped from the Orient to the United States,

INAREOLATA PLUNCTORIA (ROMAN)

The ichneuraonid Inareolate punctoric is morve widely distributed
than ffulimneria ofkae, but like the Intter species it is of importance
only in the colder sections. It is the most impoertant parasite in the
Chientao section of Manchurin. Parasitization by 7. punctoric in
this section ranges between 10 and 20 percent and in the winter of
1931-32 it averaged 17 percent, The parasite is also found in Kut-
ehan section in Holkdkaido, Japan, and in Heijo and Kankao sections of
Chosen, but in the latter two sections it is not so important as arve
other parasites.

Specimens of . punctorie have been obtained in Utsunomiya, Hiro-
shima, and Miyakonojo sections, and in the Ijuin locality of Kago-
shimu. 1n the latter locality the distribution of this species was very
restricted, as practically all specimens were colleeted fron two isolated
fields.
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From 1929 to 1832, inclusive, a total of 30,167 adults of I. punctora
were successfully obtained in thie United States from borer larvae
received from the Orient.

CREMASTUS FLAVOUIIBITALIS (CAMERON}

The ichnevmonid Cremastus flaveorbitalis (formerly knovm as C.
hymenice Vier.} repches its maximum abundance in Kumamoto,
Rokubu, and Miyakonojo sections, but is also found in Utsunomiya
and Hiroshima seetions, where it is of some value as & parasite of .
nubilalis. 1t scems to be of purticular Importance in Kumamoto sec-
tion, where parasitization of 30 percent has been recorded, although
the average rate of parasitization in the scctions studied was lower
than this. The parasite normally passes the winter as an immature
larvy inside the dormuant borer larva, but apparently u stall number
overwinter in the cecoon stage. An examination of 40 cocoons in
the field i» Kokubu section in February 1932 brought out the fuet
that not !l of the individuals of this species were in the host larvae
at this time of the year. Two of the cocoons each contained a live
C. fluvoorbitalis larvy, one contained & live pupa of the parsite, and
two cocoons cach contained a number of live hyperparasites (Feb. 18,
1932). The remaining parasite coccons contained dend parasites
in vurious stages or wers empty, the adults from the empty cocoons
probably having emerged during the late full months,

During field examinations made in 1931 the firsi spring cocoons of
this parasite were found on May 3 in Miyakonojo section, and by
the middle of May cocoons were numerous in the ficlds in that term-
tory. 1In Kumamoto section a full spring generation of the parasite
developed on P. nubilalis larvae before the end of June., Parasites
of C. fluroorbitalis in the cocoon stage reduce its effectiveness.  Super-
parasitization also reduces the hiolic potential of the parasite, since
from 1 to 3 parasites of this species have been disseeted from a single
host larva collected in the field, and apparently only 1 parasite per
host can mature and successfully emerge. Under field conditions
only 1 cocoon of this species is found with the remains of cach host.
Starvation rather than cannibalism appears to be responsible for the
elimination of surplus individuals, as judged by dissections of super-
parasitized larvae, which usually revealed one or more dead parasites
within each host.

On Kyushu Island €. fluveorbitalis was recovered from overwinter-
ing borers collected from millet, and alse from summer-generation
borers obtained from hemp. On this island this parasite seems to
reach its maximum effectiveness during the spring months, but other
species (Mucrocentrus gifuensis und Lydella grisescens) spparently
supplant if. later in the summer. O floroerbitalis has been found in
Tokushimu section on Shikoku Island, but invesiigations in this
territory were not extensive enough to yield a relinble estimate of its
value as & parasite of the corn borer w}wn infesting indigo plants,

This parasite is quite hardy under favorable conditions. Adults
were ltept alive for a pertod exceeding 2 months during the summer
of 1931, even under the handicap of high room temperatures,

C. flavoorbitalis has heen Imported into the United States in Increas-
ing nuwmbers; thus, 439 adults were obtained in 1929, 1,471 in 1030,
2,759 in 1931, and 72,582 in 1932, bhringing the total number of adults
secured during this 4-year period (o 17,251,
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This parasite is also present in the Hawaiinn Isluinds, where it is
an important parasite of the coconut leal roller, Omiodes blackburni
(Butler), and attacks 28 other species of insects (11). Undoubtedly
it will find other hosts than the corn borer in the United States,
shich muy aid in its establishiment and maintenance if synchroniza-
tion with the seasonal development of 12, nubilalis is not established.

MICROGASTER TIBIALIS NEES

The braconid Microgaster tibiakis, in common with Fulimneria alle
and Inareolate punctorie, is limited in effectivencss to the colder
regions of the Orient. It hias been obtained in the field from practi-
“cally all sections, but only in the Chientno section does it appear to
be an effective aid in the contral of 2. nubilalis. Parasitization of
the overwintering horers averaged approximately 1.5 pereent during
the 3-year period 1930-32. A total of 2,750 cocoons of this species
have been imported into the United States from the Orient,

APANTELES SPI,,

Two species of Apanteles, one of which has been determined to be
the same as the Europenn species A, thompsont Lyle, nre found in the
Asistic regions. Males of the other species are present. These
braconids do not scem to be of much importance in any scetion in
the oriental arens studied. They are found in Inrgest numbers in
Chientao section but have also been found on Hokkaido, Honshu,
Shikoku, and Kyushu Islands. A total of 288 aduits of Apanteles sp.
were obtained prior to 1932 and 277 adults of A. thompsoni were
oblained from barer larvae received [rom the Orient during 1932,

MACROCENTRUS GIFUENSIS ASHMEAD

The braconid Afacrocentrus gifuensis is one of the most important
purasites of the corn horer in the Orient. It has upproximately the
swme distribution s Lydelle grisescens and is important in the same
regions, particularly in the sections of Kyushu Island, Japan, and in
Heijo section of Chosen. In the former seetions thoe peak ol its
effeclivencss scems to come during midsummer. Conseequently it
lollows Cremastus flarvoorbitulis and precedes L. grisescens in scasonal
scquence, although individuals of these three species are present at
the same time.  As shown by Parker (9), this pelyembryonie insect
pusses the winter in the egg stage inside the overwintering host larva.

It 3s important to nole that this species scems to be an important
parasite in sections where it Is upparenty too cold for the warm-
climate speeies Cremastus flavoorbitelis, and still not suitable for those
parasites, such as Taarcolata punctoria, Iulimneria alkee, and Afiero-
gaster tibtalis, that appear to be betier adapted to the cooler regions,

A total of 140,240 adulls of Macrocentrus gifuensis were obtained
from materinl received from orientul regions during 1929, 1930, 1031,
and 1932, Of the above total, 133,155 adults were obtained during

32
]03“ BHACON ATIICORNIS (SMITH)

Bracon atricornis is a rather Targe species which, so far as known,
is not an importunt, parasite of 2. nubilalis in any locality in the Orient.
A total of 221 adults of this prrasite, however, have been reared from
borer Inrvae received from the Orient, parlicularly from larvae col-
leeted tn Miyakonujo section. 1t may e interesting to note thut
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B. alricornis, ov a very similar species, is obtained in very small
numbers from larvae of P. nubilalis collected in Burope.

BEAUVERIA BASSIANA {BALS.) VUILLEMAN

The fungus Beawreria bassiane was recorded fron sli portions of
the Asiatic area studied, except Taiwan, However, only larvae col-
lected in Hokkaido, Manchurin, or Chosen seemed to he seriously
infected with this disease. In the winter of 1920-30 the larvee in o
collection of 10,000 were so seriously infeeted that they were of no
value as a source of inseeb parssite maferisl, A telal of 204,000
larvae of those collected during the earlier seasons became infected
and & mortality exceeding 90 pereent reselted,  Later, 88 a result of
ineressed experience and improved technie, the collection and ship-
mend of parasite material was not seriously interfered with by infee-
tions f this discase. [Fess than § percent of overwintering borer
Iarvae in eastern Manchuris swere infected by this disease, as deter-
mined by careful field examinations made in the emrly winter months
of 1931, and usually the mortality from this Tactor was much less
than the above-mentioned ligure.  Only 1 larva killed by this disease
was found in an examination of 288 larvac obtained from sorghum
stalits at Lung Ching Tsun, Manchuris, in Marceh 1832

HEXAMERMIS MERIDIONALIS 'STEINER

The mermiithid worm Heramermis meridionalis was first obtained
{rom corn-borer larvae collected from hemp plants growing in the
viginity of Iimurvo, Tiroshima section, in 1930,  In that year parasit-
ization by this species attained 30.91 percent in the above locality.

The following year (1931), in the same localily, & parusitization of
28.89 percent was reeorded, yet collactions 10 miles away exhibited
little or no parasitization by Zf. meridionalis. Maximum parusitiza-
tion by this nematode, or n closely allied species, appears to be
restricted to the Timuro loeality, for, although this worm hus been
found in Utsunomiys, Kumamoto, Heijo, and Tainsn sections, no
more than 10 specimens of the parasite were obtained from any of
these sectinns.

Usually only 1 to 8 nemas were obtained from a single host larva,
although on one oceasion 22 specimens of this nematode emerged from
a single corn-borer Inrva under observation. These ranged from 4
to 6 centimeters in length,  No live specimens of this parasite have
been sent Lo the United States.

[T, meridionalis hing been reported by Plank (70) as mfesting larvae
of the sugarcane borer (Diafraeq seecharalis (Fabl)y in Cuba. This
nematode has been collieeted in South Amerien (Pnraguay) and in
many localities in the United States,

PHABQGENES SP.

During the period 1929-31 the summer collections of eorn-borer
pupae were confined to the sections on Honshu and Kyushu Islands,
The ichneumonid Phaeogenes sp. was obtained in a number of these
collections, but the majority were obtained from collections muade on
Honshu Island in Utsunentiya and Hiroshima sections, particularly
in the former. The bost pupse from which this parasite was reared
were colleeted from hemp.,  The maximum parasitization recorded
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was 11.9 percent in a collection made at Xanuma, Utsunomiya section,
during July 1930. It is estimated that 195 specimens of this parasite
were sent fo the United States, some in the adult stage and some as
pupac inside the host pupae, with provision for adult parasite
emergence en route.

XANTHOPIMPLA STEMMATOR THUNDERG

The ichneumeonid Xanthopimple stemmaior is an important parssite
In certain parts of Tainan section, Taiwan. It has been collected
Shinkwa, Shin-ei, Eiko, and Heito. It has not been found on P.
nubilalis in any other section investigated. This parasite emerges
from pupae of the corn borer, but nothing is known of its immature
stages. The stage of the borer astar'ted by this parasite is not
posttively known but is believed to be the plIIl}ﬂ. If this assumption
15 true, the parasite probably has a life cycle of approximately 23
days in Tainan section. This assumption is based v pon records made
in 1932, In the field at Shinkwe only 2.6 percent of the borers had
pupated on April 57, but when collections were made May 1 to 5 the
pupac had become abundant. Weighted averages of emergence
records gave 23 days as the approximate duration of the life cycle,
Meles of the parasite emerge 1 day earlier than the females, on an
average,

Xanthopitnpla stemmator does not require a specific host; it has been
recorded from the sugarcance borers (Grapholitha} Olethreutes schisi-
aceana Snell,, Diatrace infuscatellus Snell,, and Diatraea wemosata
Walk., and the sweetpotato vine borer Omphisa anastumosalis Guen.
(“satsumaimo-no-meign” of the Japanese). It is particularly
interesting to note the Intter host, for sweetpotatoes are interplanted
commonly with sweet corn, the two crops being planted in alternate
rows in the same fleld. The parasitization of P. nubilalis by this
species in the vicinity of Tainan reached 39.35 percent in 1931, but
examinations of corn-borer pupae collected in the felds in the vieinity
of Heito indicated that this parssite is not important in that locality,
There is at least one species of hyperparasite, but it does not seem to
be important. Table 5 is o summary of data recorded for X, stem-
mator in 1931 and 1932

TaBLE b~—Dala on parasitizalion of pupac of the Burapean cern borer by Xandio-
pimpla stemmalor in Tatnan section, Tuiwan, 1931 and 1938
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The maximum purasitization found was 80.95 percent and 22.14
pereent at Shinkwa in 1931 and 1932, respectively.  The records show
more females than males reared from field-collccted hoss pupue, In
the 1931 and 1932 collections the females composed approximately 82
percent of the total adults obtained.
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Mating is casily obtuined in luhorebory enges soon after the adults
emerge. The mating usually takes frony 30 Lo 60 seconds.

The informmtion gven above is of somewhatb doubtful value owing
to the lnter discovery that two species, L stemaator Thunb. and
X. punciaie (Fob.), nre involved in the records, although sfemmator 18
the predominating specles.

Fifty-seven fomule and 16 male Xanthopimple were brought alive
from Taiwnn to the United States in June 1832,

TRICHOMMA CNAPHALOCROCIS UCHIDA

Trichomma enaphalocroeis is w vory large parasite that has been
veared [rom pupae of P, nubilulis only in Taiwan. REven in that
torntion it is not nenrly so important & parnsite ns Nanthoptmpla stem-
mator, yeb it oceurs in some nuinbers ench vesr. A total of 619 pupse
collected from 5 ficlds at Shinkwa and-$Eiko during the spring of 1032
revealed n parasitization of 2,01 pereent by 7. enaphatocrocis, on an
pverage, with o v ximum parpsitiz Gon of 7 pereent of the pupne from
one field.  Nothing is known of the early slages or hiology of this
purasite.

In June 1932 an atlempt was made to transport five adubls of
7. enaphuloerocis from Shinkwn, Taiwnn, to the Arlington, Nass,
Inborutory in the United States, hut onty 1 mmle and 3 females were
alive whon the destination was reached.

RIACHYMBERIA BUPLOEAE {W ESTWR

The pupai parasite Brachymeriu euplocae was lirst found ot Kuma-
moto in June 1930, Later it was found in Utsunomiya seetion, but
only a few speeimens were obtuined. At Kumamaolo, however, this
parasite is commonly soenred i rearings from host pupne in June.
There is some doubl as to whether this parasite nttneks the pups or
an carlier stage of the borer.  Nothing is known of 1ty carlier stages.
A fest shipment of 10 aduoits was made to the United States in 18348,
hut they died en route.

PLOCIIONDTS S|P,

Larvac of a earabid beetle, probably a species of Plockionus, were
often found in the tunnels made by corn-borer larvue. These beetle
huvae were usimlly enting corn-horer lnrvae bul were also observed to
ot into the coeoons ol Cremastus flavoorbitalis i hemp plants in
Kumamolo section.  The Plockionus lnrvae were found throughout
Japan proper.  In Kutehan section thoy were observed during the
spring months feeding on the overwintering £2. anbilelis larvae
hibernating i bamboo bean poles.  No atlempt was made to ship
{his heetle to the United States.

BRI

The beneficial activities of birds in relation to overwintering borer
furvae wore observed in Kutehan seetion of Hokkaido, dJupan. In
this section the bamboo poles commonly sheltering he bhorers during
the winter often contained holes made by birds, nrobably woodpeckers
(order Piet).  The holes were loeated mainly along the upper inter-
node, indicating that the birds could determine the location of the
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larvac or that they had learned by experience where the larvae might
be found., Judging by the number of holes in the bamboo stems, the
number of borers destroyed by birds in this section must have been
very large indeed.  No bird activitics having any relation to /7. nubi-
lalis were observed in any other part of the Orient,

COLLECTION AND SHIPMENT OF CORN-BORER PARASITES

During the time the distribution of Pyrausta nubilalis and tho prin-
cipal host plants atéacked by it in the Orient were being investigated,
small collections of P. nubilelis were made from various loenlities, nad
information regarding the parnsites present, their relative importanee,
and approximate distribution, was obtained. This information, sup-
plemented by additionnl information derived from later rearings of
purasites nnd disseetions of host larvie, served as a hasis [or colloc tions
of parasites and parasite materinl (host larvae and pupac). This
procedure was similat to that practiced and found satisfactory in the
work in Eurepe (8).

The method followed in securing parasites for shipment to the
United States varied according to the local conditions existing In the
varicus sections, the particular speeies of parasites to he obtained,
their biology, the plants from which the pamsites or jrasite hosts
were ohtained, and many other fuctors of ‘importance.

Parasites of 1. nubilalis pupne (Phaeogenes sp. and Brachymeria
euploeae) were obtained in relntively smnll nombers only, and were
collected in host pupne, by permanent, tinined assistants, directly
from thie infested lost plants. .

The 1,004 cocoons ol Cremastus faroorbitulis shipped to the United
States in June 1930 and June 1931 (table ) were ohtained by eutting
up all the hemp, picce by piece, in three small, hut heavily infested
fields.

In Chientno, Kunko, snd Heijo seetions pueasite muterial was
obtained from grain-sorghum plants. The procedure found most
satisfuctory in actual practice in these sections was to purchase
infested sorghum stems immediately lollowing the harvesting of the
evop in the Fuil and hefore the advent of cold weather. The price to
be prid for infested stems was determined by s plant-infestation sur-
vey conducted just previous to and during the barvesting season.  An
attempt was made to so fix the price that anyone ol average industry
would receive approximately the prevailing wagoe of the lacality for o
[ull day’s work. Inlested sorghum stems were cut in approxina tely
18-inch lengths and packed i bundtes of 100 stems eneh.  Five of
these smaull bundies were then tied in larger bundles or bales, and in
this condition they were brought from the various fuems to o contreul
place previously designated.  When suflicient infested stems had
accumulated at the central locution, luborers were hired to remove the
corn-horer Jarvae and parasites from the stems, The number of
laborers hired, usually hetween 25 and 200, depended upon the quan-
tity of materinl and the time available in which to do the work, In
Chientao section the laborers found most available:and most snbis-
factory were Korean wonen {fig. 6), while in Heijo section it was oS-
sible to engage higl-school students, with their Leachers acting us
foremen. At one itme grade-school children were enguged, ot piece-
work rate, to collect larvae directly [rom the fields, but this method

4=
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proved unsatisfactory because many of the larvac obtained in this
way were injured and a heavy mortality vesulted (see shipments for
1929-30, table 6).

The laborers hired to obtain the larvae and cocoons frem infested
sorghum stems were usually seated in one or more lnrge cireles or in
long rows on straw matting on the ground. ach person wus given n
can containing folded newspaper in which to put all corn-borer larvac
as rapidly as they were obtained from the sorghum stems.  All stems
found to coutain parasite cocorns, which the workers learned to
recognize quite readily, were placed in a separate pile ant the side of
each ‘‘cutter.” Iach group of approximately 25 cutters was super-
vised by o foreman whose duty it was to see that the laborers of his
gronp wore continuously supplied with infested stems, at intervols
o vollect the stems which had been found to contain cocoons, and to
replnce collecting cans as often as necessary  Each eutter had bundles

Frotres o, —Women remnving eorn-harer 1|'|r\'|u{||u|(i nn{nsilus fronm sorghiiry slens, Lung Ching ‘s,
Alnnehieln,

of infested stems within easy reael, and after examination the empty
and cut stems were thrown back of the ring of cutters, where they were
out of the way and could be collected at intervals and disposed of.
Collecting cans containing larvae and stems containing parasite co-
coons were tuken by the foveman to & table situated at one section in
the row or cirele of cutters. IHere an nssistant, usually one of the
permanent men well trained in the work, and his helpers would sort
the larvae to remove oll dend or injured individuals'or any insects of
species other than Pyrauste nubilalis, These men would also care-
fully remove the cocoons of parasites from the stems containing them
and sort the various species (principally Micregaster tibialis and
Lulimneria alkae) into separate groups,
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The corn-borer Jarvac obtained were packed in practically the srme
manner as those sent to the United States from Europe by H. L.
Parker and his assistants at the European parasite laborntory. The
Iarvae were placed in strips of corrugated cardbonrd tied into packets
or ‘“‘cores”,” 400 larvae being placed in each core (fig. 7, A). Each
core containing larvae was placed in a metal shipping can, and each
can was packed in an individual corrugated cn.)‘({)boa.rd box (fig. 7,
B and O).

Parasite cocoons were placed in pill boxes, 25 cocoons to each box,
and the pill boxes containing the cocoons were packed tightly in
wooden boxes. Cocoons of different species of parasites were packed
separately.

In southern Japan (Miyakonojo and Kokubu sections), where
larvae were obtained frem millet, a somewhat different procedure was
followed. Here farmers and their families collected the insects direct
from millet stems and crop debris in their own and neighboring fields
and brought them to a designated place. The collectors were paid
at & piecework rate depending on the abundance of the horers in the
field us determined by a previous survey made by trained assistants.

Borer larvac and parssite cocoons, which lad been placed in
shipping cans and boxes ut the locations where collected, were shipped .
by fast express to Kobe,® Japan, where they were given a very careful
final examination and packed in cartons and crates ® (fig. 8) prepara-
tory to shipment. When necessary, these crates of materizl ready
for shipment were placed in commercial cold-storage warehouses
under proper conditions of temperature and moisture until the arrival
of ‘a suitable ship upon which they could be shipped. Larvae and
parasite cocoons were stowed in the vegetable or fruit cold-storage
rooms of large ships sailing from Kobe direct to Boston via the Suez
Canal. The number of larvae shipped from the Orient to the United
States during the period 192832 is given in table 6.

The success of the shipments listed in tuble 6 may be judged by the
[act that, unless otherwise noted (sec shipments from Chosen and
Manchuria, season of 1929-30), approximately 95 percent of the lnrvac
contained thercin were received at Arlington, Mass., alive and in
good condition.

Parasites shipped in the cocoon or adult stuges consisted of six
specics: Phaeogenes sp., Brachymeria euploeas, Cremastus flavoorbi-
talis, fLulamneria alkae, Aicrogaster tibialis, and Inareolate punctoric
(table 7).

P Cores Irpregnnted witl hol beeswny were used during the 19303 and 1031-32 stasons.  The wax-
i pregaabien provess wis developed by W O, Bradbey of Hie Arlington, Musa, uboratory, and was fognd
to benn improvement, us i strengeliened the cores nod s themn waterprori.  The increased sirength of
Hie coren 1aude b possible ta dispense with the practics of Uyiuyg them with wire, and smll rubber busids
were substifuted.  This soved eonsidernble thue in core prejuristion aad had other advaninpes ns well,

§ Oee of the major changes in collectlon teebnis wus Lhe shipment te Kobe, Ly fast axpress (aithough the
time necessary was 4 doys i some cases), of all corn-horer rvae amd preasite cooons us rapidly us they
el be packed snd shipped.  No refrigeration was nvailable on the Urain trifs, bul, as shipments weremnde
during eold weakier, Wik was nob an Hnporiant feeter. PThis provedere was bogun in Lhe I of 1930, e
prevings year the Jarvee nnd paresites bed been allowed bo geenmohite in the collection areus nnd wers not
ket te Kobe until thie em! of e collecting senson in the Aehd.

I'The heavy wanthen ernles were Hest psed for the shiprieats of larvae e duriog the 8031 senson.

Tligse ernies were prepircd, and adddresses and othier imrks were pat on with (he pid of steqells, hefore the
bty collectiogs season bopan, wiifel preatly speeded up she fhal pneking.
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Hiauns 7.—~Mulhiod of preking corn-bares lurvae for shipment: A, Cores used for packing lervie; B, shije-
pilg cufisy O cans pucked in sopanide boxes.
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Figuny 8.— Mothad of jecking nrvae for shipteni: #1, Boxes of lirvie; &, vrates of krvas rendy for ship-
meal; O transporting shipment 1o wharl,
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Tapue 6,—Lerpue of the Burepean corn borer shipped to the United States! from
the Orient during 4 seasaons
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FrPhiove arvae wore Wnfecled witde o fingts disvase asd 3 poreent of theat died.
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H . 1t
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All of the parusites shipped in the cocoon stage reached Arlington in
zood condition,  Considering the great distance traversed, those part-
site qiﬁpnwni's in the pupal or aduit stage, or so packed and shipped as
to aliow adults {o_emerge cn route, should be considered successfiul,
since in the majority of ‘Instances uL least 50 percent arrived at their
destination alive,
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AGRICULTURAL AND OTHER PRACTICES AFFECTING THE CORN
BORER

There ure a number of agricultural and other practices thal affect
the abundance of the corn borer in the Orient. These praclices,
although having a very direet effeet on the corn borer, are not used
primarily for this reason but constitute the eustom of the people af
the sections studied or ure due to the prevailing ecanoniie conditions.

HARVESTING AND FROCESSENG HBEMD

As was mentioned in a previous paragraph, the corn-horer moths of
the first summer generntion, in Ulsunemiya section, emerge lnte in
July, thus coinciding with the harvesting season of hemyp, (he most
important host plant in the section for this generation of the borer,
At the time of harvest many pupae and full-grown Inevae are present
in the stems,  Some of the moths have emerged and deposited egues
on the hemp leaves and o small numiber of immature borers are present
onorin the plant,  Seon after the plants are larvested by the custom-
ary method of grasping u handful a€ o time and pulling 1p the THants,
the Jeaves and roots ave cut off with a long, thin-bladed knife. The
lenves fall to the ground and soon dry out, thus killing any cges
presenl.  The sleipped stems ave then placed in large barrellike con-
Lainers and boiled. This ehanges the color of the plants from a bright
fresh green to a brown and serves te kill all borers and pupne in the
plantat the time ol treatmen(,  Thus every stage of the carn borer on
or In the hemp plant at the time of harvest is killed,  (Incidentally
(his procedure also resultsin the death of any parasites present in the
treated hemp stems)  However, there are still numerous moths in
Night which furnish o nuecleus for another generation, although, the
normal processing of hemp in this area must reduee the borer popiula-
tion tremendously. Phe above practice is not followed as a control
measure for the mseet, but il the condition of the erop will allow a
slight deviation Trom The existing practice, harvesling o week or so
earlicr should very nearly elintinaie the insect in (his section.

HARVESTING AN THE USES (F GHAIN SORGELIN OR KAQLIARKH

Cirain sorghusm, g member of the grass family, is hae estod in practi-
wlly the same manner theoughout the 1eijo, Kanko, and Chien(ao
seetions.  In the Tadl, when the plants are folly mature, they are cut
by hand with a sickle and left in shocks in the fleld to dey for o short
perind.  The grain, whicl grows In a compuct head at the top of the
stalk, Is harvested by pushing over the shocks and culting off each
head of grain with wsickle, .\ stem from (6 to 12 inches in length is
leTt projecting below the grain head, and (his stem is used Tor 1 handle
or as a place to tie the heads inte a bundle,  Thousands of acres of
grain sorghum are harvesied in (his primitive manner.  The reaction
of the corn borer in sorgltum differs Trom its normal habits when in-
festing corn. In sorghium there seems Lo be less migration of partly
grown larvae from Lthe upper to the lower pertions of the stall, with
the resull that the [arge majority of the fullgrown larvae are found
in the upper 3 feet of stalk when the erop is cut in the fall.  Therefore
stubble becomes of small importance and the disposal of {he remainder
ol the plant, purticularly the upper third of the stulk, assumes greater
interest.
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The uses of sorghum stalks are many. In these rather primitive
communities everything, including crop remnants, has an economic
volue.  Sorghum stalks are sold #s a commulity in the country mar-
kets, although the quantity disposed of in this manner is small,
Jarge pottery vessels are made in certain places in Chosen and Man-
churin, which are used by the natives to carey water frar the wells or
Mvers To the houses or s containers for storing grain. When these
jugs are shipped from the place of manuiacture to the various mar-
kets, sovghum stems are often used for wrapping maferinl.  These
stoms sre sometimes infested with the bover,

Sorghum siems often function as laths in the constraction of the
mud walls of Tarmbowses,  The stems ave placed vertically and hori-
zontally and woven in and oul, usually heing tied with rope made of
vee straw.  Afler the Tmunework of the house is completed and (he
side walls wre eovered with the sorghum-stem lath work, o thick caver-
ing of mwd s put on, This forms the side walls of the completed
house, andl it is improbabie (hat any borers inside the surghuim stems
could cmerge, since the wall beeomes very burd. Therefore the use
of sorghum stems for laths is a very good practice from the standpoind
of eorn-harer contrul,

The greatest use for sorghunm slens in ench of the three sections
andler considerntion (lleijo, Kanke, and Chientao), however, is [
fuel during the culd winter months,  The greater proportion ol all
crop refuse is used in (his manner, and it is practically the only Tuel
available to keep the houses, with their paper-covered domrs and win-
dows, warm and comfortable.  Practieally no wood or coul Is used,
sinen nll the hills have boen denuded of trees (with ihe exeeption of cer-
tein remole parts of Chientao seetion which still hiave lorests, nind
parts of Chosen which have been relorested under Jupanese supervi-
sion in an atlempl to reduce the severe erosion enused by PO over-
ows in the spring, and from these areas no trees may be cul without
permission), and conl is far too expensive for an arca where the daily
wage is less than the equivalent of 20 conts of Unifed Stales curreney
for o Jong day's work.

Sorghtm stems are used commonty in Kanko seetion and to a lesser
“extent in Heijo seetion to build fenees around the houses and vards,
Phese fences are nde of very tightly woven sorghum stalks, and their
principal purpose is (o prevent the cold winter winds from penetrating
(o the houses. These sorghumssiom fences ave penewed ench year
and they are often heavily infested with overwinlering corn-horer
urvac. H s the writer’s opinion that the fenees in Nunke scction
are the main souree of moths for infestution in the spring, and that if
ey were burned before moth emergence the corn borer would be
reduced (o newligible numbers. [ is dillicult (o account for any other
souree of infestation ench voar, sinee, belore spring, all loose sorghum
plants have been burned ns fuel, ineluding portions of stens attached
io the serehum heads when haevested,  The sume disposition is made
of any possible weed hosts, lenves, grass, and other plant material
colleeted in the genceral sernmuble for fuel diceetly alter the erops have
heen harvested in the fall, This enllection includes the stubble of
crops which have been dug er pulled ap and taken to the Tarnhouses
in the fll. Tven hills, upon which there sre few trees, and the
aruveyards on the side hills, are raked enrelully lor dead grass or other
possible fuel. ¥t is impessible to visuslize « more intensive farm
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clean-up than setnally fakes place ovor northern Chosen and Chiontao
section of Manchuria, 1 should be remembered, of conrse, that these
farm clean-up practices which diminish the corn-borer population
also hinve a similar effect upon the parasite populstion. 1t is possible
that the parasites emerge in the spring before the emergence of the
harer moths and that there is » pertod during which the pest eould be
destroyed without greatly reducing the numerical abundance of the
parasiies.  This possibility should be investignted.

In such sections as those under discussion, where there is a greal
contralization of avthority, a regnlation covering the destruction of
the sorghum-stem fences, after the principal use for 8 fence as 1 wind-
break had been fulfilled, should be easily pat into effect to the benelit
of the farming community.

Although the foregoing may be a digression, it will perhaps sorve (o
give a better idea of the territory in which corn-boror studies have
heen conducted,

HARYESTING INIMGO

Two crops of indigo ure lmevested ench year in the indigo-producing
area of Shikoku island (Tokushima section),  The fist erop is eut
about 6 inches from the ground, and new shoots from old stems
furnish the second crop. Harvesting of the fisst erop beging normally
about July 10, at which time the moths of the first spring generation
(s distinguished from the moths derived from the vverwintering
horers) nre emerging. A considerable number of larvae and pupac
are killed when the harvested crop is processed, as well #s any oy
deposited on the leaves hefore harvesting, a situation analogous {o that
existing in Utsunomiva section on hemp plants. Nevertheless, the
moths that are nol kiled are abie o find abundant host material upon
which to deposit their eggs on the parts of the indigo plant remaining
in the field directiy after harvest.  Young shoots soon develop on the
host plant, producing ample food for the young larvae, with the result
that the secoml crop of tndigo is also damaged by the borer.

BAMBOO POLES AN BEAN SUPPORTS

As mentioned previously, in Kutehan section bamboo poles are
used to support the bean vines, awd I ks in these bamboo poles that
the borer larvae pass the winter.  In new poles the overwiniering
larvae are found above the lop node, as they are unahle to make their
way into the other parts of the pole, but in old poles the bamboo often
splits as it beeomes dry and softer, thus altowing the borers Lo enter
the various internodes.  The bamboo supports are used for about 7
years before being disearded.  They are usunliy stacked sround the
farmhouse or in a corner of the field doving the winter months, It
seemed quite evident that the main source of inlestation in the spring
must originate from borers that overwintered in the bamboo canes,

FARM DISIMOSAL OF CROPF DERIIS

Certain other agricultural practices have their effect upon the horer,
Thus, in liteyoeshi, in southern Kumamoto section, millet stems and
stubble are usvally plowed under soon after the crop is harvested enrly
in December, while in Miyakonojo seetion, which is slso on Kyushu
Island, the stems and stubhle are aliowed to remain on the fields until
spring,



http:l'l'hn.ps

ETTROPEAN CORN BOREIl IN THE ORTENT

In general, it may be stated that the usual farm disposal of crop
debris, or clean-up hetween crops, i1s much more thorough in the Orient
than that generally practiced on the farms of the corn-borer infested
territory 1n the United States. This contrast is to be expected
between agricultural areas in one of which farm operations are exten-
sive and handled by murchinery whereas in the other the farm practices
are intensive, primitive, and principally performed by hand labor,
The contrast should be kept in mind when eomparing oriental and
Amerienn agriculture.  Many recommendations have been made for
corn-borer control in Japan which may be of practicsl value in that
country but could not he adopted in countries where lubor is higher
priced, Even the extreme.measure of collecting eges fram the plants
and borers from the stems by hand lias been recommended by
Japanese entomologists as o practieal control mensire for Pyrausta
nubilalis,

SUMMARY AND CONCLUSIONS

Ths hulletin is based upon the resulls of investigntions of the
European corn borer and ifs parasites in Japan, Manchuria, Chosen,
one Taiwan,

The sreas studicd Jiffer greatly with respect Lo temperatures and
precipitation,  Consequently they differ also with respect (o the lead-
mg crops and agricultural praciices.

The principal host plants of the corn borer in the region as a whaole
ure hiemp, corn, millet, grain sorghum, indige, and beans,

The corn borer has 1 generation annually in the northern sections
studied, 2 generations in the infermediaie seetions, nd 3 ar more
aenerndions in the southern seetions,

Eurly studies soon made it appurent that no one parasite, or nny one
group of purasites, altucks 12 auwbifulis throughout the various sections
in which investigntions were being eondueted,  For example, in the
warm, sotithern Japan sections  (Kumamoto, MMiyvukonojo, and
KolubstY Fulimueria allkae 15 not found, and Inareolaie punctoria is
rare, but Cremustus favoorbitalis and  Lydella grisescens annually
parasitize o considerable, although variable, percentage of the corn-
borer lwrvae present,  Conversely, in the eolder sections {Kutehan
and Chientao) O faroeriitalis and L. grisescens ure unimportant, but
I atkae and . punetorin are valuable ns parasites.

I3 iwrens such as the Heijo section of Chosen, with an intermedinte
climate, eertain parasites typicul of the warm or cold types of climate
coexist. Thus Lydefla grisescens (n southern speeies) and fnureolatn
punetoria (u northern species) both exist in IHeijo seetion.  This is
undoubtedly a fortunate provision of nature, since, with the fluctun-
tions in weather conditions wwuy from the normal, the elimate in this
transitional region would become increasingly similar to either the
cold or warm type of elimate, nnd either the scuthern (warm region) or
northern (eeld region) species of parasites would be expected to assume
increusing or deereasing lmportance, depending on whether the fluetua-
fion in climatie conditions is toward the wwrua or eold climate type.

The loregoing considerations with regard to these intermedinte
sections nre not altered by the fact that one or more additionad parusite
spectes, not found in one or both I;]m.c_xtrmnu climates, may be preseant
and perhiaps dominant in the transitionul section, 1n Heijo section
Muacrocentrus gifuensis is the parasite species dominant on Pyrauste
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nubilalis, although this parnsite is not found, except in rare instances,
in Chientao section.

Constdering the above fuctors, as well as the extent of the corn-borer
infested territory in the United States, and especially the probable
futire geographieal distribution of the pest in its new enviromnent, it
was evident that the proper policy to follow with regard to purasite
introductions against Pyrawste nuabilelis was to collect and ship all
the primary parasite species obtainable without regard to the slage of
the host, which they attacked. Under the conditions present in the
corn-borer problem, the theory of purasite competition was helioved
to be of aendemic ruther than of practical interest.

Some valuable primary parasites of the corn burer exist in the Orient
Bl fire not present in other areas in which purasite investigutions have
been enrried on.  Cremastus flaroorbitalis und Nanthopimpla stem-
medor arve included in this eategory.  In addition to the purnsites
ebtainahle only from the Orient, such as the two species mentioned
above, there are o number of other entomophugeus insects, stich s
Bracon atricornis and Nemorilla floralix, which, although present and
obtainable in Burepe in limited numbers, sre muely more rendily
obtauined from the Oricnt,

There are bulications that certain purasites found in the Crient,
particutarly Mucrocenteus gifucnsis and Inareolata. punctoria, ulthough
morphologieally  indistinguishable from similae species  Tound  in
Burope, nevertheless exhibit biologieal differences when libernted in
North Amerien., .

Intenstve investigations in (he uriental areas would undoubtedly
lead o the diseovery of additionu] parasites of the corn borer, partic-
ularly ol the egg stage (whicl would be cspeeinily valuable tn the

estnblishment of o parasite “sequence’), and would possibly indieate
locations where known parasites, now diflicult to obtain, might be
secured in Inree numbers.

Owing o the low cost. of labor, the collection of insects in fhe Orient
tends to show greater return for expenditure of funds than could be
expected from 2 similar expenditure in almost any other part of (e
world.
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