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UNITED STATES DEPARTMUENT OF AGRICULTURE
WASHINGTON, D. C.

BIOLOGY OF THI‘i PEA WELVIL IN THIC PACIFIC
NORTHWIEST WITH SUGGESTIONS FOR ITS
CONTROL ON SEED PEAS!

By A. Q. Larsox, asseriote entomalogist; T4 Winousy, associce entomologist;
and I CL Mixyan, jrnior entomalagist; Division of Trick Crop and (larden Tu-
sect Tnoestigations, Burcou of Brtomelegy and Plant Quaranting®

United States Department of Agriculture, Bureau of Intomology and
Plant Quarantine, in cooperation with the Agricultural Lxperiment
Stations of 1daho, Oregon, and Washington
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INTRODUCTION

The growing ol seed peas hus hecome a very profitable source of
agricultural income, at the present tine ranking as the most: important
horticultural sced-growing industry in this country (15)°.  This mdus-
try is centered in the Preific Northwest, where the production of &
profituble crop has at times been seriously threatened by infestations
of the pen weevil (Bruchus pisorm L. ; order Coleoptera, family Bru-
chidae}. The pereentage of germination and the value of mature pens
as food for livestock are lowered by the prescoce of this insect. Green
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eas intended for market or for canning and mature peas prepared for
human consumption are rendered liable to legal seizure under the
provisions of the Federal Food and Drug Act, if they are infested.
Although the insect has been reported as damaging peas in many
districts where this erop is grown, there is a dearth of complete informa-
tion regarding pertinent features of its biclogy. Many and varied
are the methods that have been suggested for the eontrol of the pes
weevil in the field and in stornge, but the frequent reports of damage
caused by this pest indicate either the inadequacy of such methods or
fatlure tc apply them in o proper monner. Whitehead (20), in 1930,
expressed the opinion that the control measures thus far rerommended
must be fundamentally incorreet, because the damage caused by this
mseet had not been apprecizbly lessened in anv distriet where environ-
mental conditions were suitable for its development in suffictent
abundance to make it & pest. Recent research on this destructive
insect has hrought out many new fucts that may aid in explaining the
inadequacy of currently reenmmended contral measures, and that
indicate the possibility of more effective control through the develop-
ment of new methods and the improvement of old ones.

HISTORY

The pea weevil was first mentioned in the literature as o pest of
peas asearly as 1756 by Kalm (7, . f, pp. 173-175), a Swedish traveler,
who observed it damaging the crop in New York, Pennsylvania, and
New Jersey, during the decade following 1740, Harrs () states

that the pea weevil was first noticed in Philadelphia, whenee it spread
to New Jersex, New York, and Massachusetts. This author also
stated that the insect probably spread from the United States to
England and southern Furope. Wakeland (/8) mentioned elimnte
as the principal limiting factor in the survival of the weevil and that,
if environmental conditions are {nvorable for its survival, it is now
Iknown as a pest in all Joealities in which peas are grown.

According to ull iiformation thus far recorded, it is probable that
the United States was not the original habitat of the pea weevil.
Even though it is reported to have heen introduced from this into
other countrics, the insect has no known host plants other than the
garden and field peas belonging to the genus Pisum, and these were
not known to exist in this country hefore their introduction. It
seems possible that the originsl source of the pest may have been one
of the two primary points of distribution of the field pea, Ethiopia or
the Iraninn-Aflghanistan mountain region (/5).

DISTRIBUTION IN THE UNITED STATES

The insectis very widely distributed in the United States.  Records
comnpiled by the Inscet Pest Survey of the United States Departiment
of Agriculture indicate that the pea weevil has been reported from 33
States, ranging from Vermont to California and from Tlonrda to
Washington. A detailed survey would no doubt revenl the presence
of the msect in every State in the Tuion,

A few districts devoted to the production of seed peus aro reported
to be free from weevil infestation because of the severity of the
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climate. It has been veported that because of the normally low
temperature the pea weevil rarely hibemates successfully in the upper
Snake River Valley in enstern idabo.  This has also been reported
as true of the Gallatin and Flathead Vallevs in Montana.

Recently the production of weevil-free peas during the winter
months hns been reported frois the Rio Grande Valley in Texas, The
industry 1s enly a recent development in Texns and it is still too early
to determine whether the weevit will be able to adupt itself to
conditions there,

DESCRIPTION OF THE STAGES
THE ADULT

The adult pen weevil is of a general brownish color, Heeked with
white, black, and gray patehes (fig. 1), . is approximately one-filth

Fuirkg L= Adole peg weevily 30on, (Photgraph by K. W tiray)

of an inch long, but there is much varintion 1n the size. Adults
reared or collected in the Pacilic Northwest had an average length of
& 5 mm and an average width at the thorax ol 2.0 nmun.  The width
of the thovax in the smllest individunig was only 1.09 1, whereas
the largest measured 2.27 mm.  Femnles were found to be slightly
larger than the males.  The size of the weevil appears to be aflected
by the available food supply, since small, completely fermed indi-
viduals emerged from smail peas,  Tigure 2 illusirates the variation
in the size of the adults.

J. C. Brdwel] states that the sexes can be distinguished by the
presence or absence ol a smail, scute spine on the distal end of the
tibin of the middle leg. This spine is present in the male and absent
in the female. '




4 TECHXTCAL BULLKITN §89, U. 8. DEPT. 01 AGRICULLURE

Figeng 2—Variation in the size ofadull pea swervils that developed inliege aned ool seeds; sppeoximlely
o {Phatapraph by N, P Howned.)

Blatehley (3, p. 1236) has given the technical description of the
adult of the pen weeni! us Tollows:

OMong-oval, subdepressed,  Rlack, feebly shining; above, densely elothed
with reddish-brown aned whitish bairs; thorax with a triangnlar whitish space in
front of scuteltum; elyira wilh yellowish, grayish and whitish bairs, the latter
forming an obligne band bekind the middle; pygidium covered wilth gray hairs
except two oval black spots near apex; antenme black, the three basal joints
ruious; legs black, front tiblic and tarsl rulous; under surface black, shining,
densely pnnetate, sparsely clofhed with fine grayish bairs.  Thorax hroader than
long, eoarsely and densely punetate.  Elytra sliglitly longer than broud, strinle,
ihe strie fincly punetate.  Length, -L3-5 mn.

THE EGG

The ege has been deseribed by Skaife {£8), who states that it is “of
w rich, amber-yellow colour, oval in shape, and measures sbout 1.5
mm. by 0.6 mm.” 1t is attached
to the pod by a transparent glue-
like substance that soon hardens
on exposure to theair. Frequently
two eges are lnid at n time, oneon
top of the other, in which casge the
lower egg almost invariably de-
velops the faster of the two. The
head of the larve can be seen as a
blrnek spotiin the egg nbout 2 days
belore 1t hatches.

THE LARYA

Ehe first-stage larva, deseribed
, by Riley (74}, has six short tem-
I-'Im'lu-::1.-—Imr\'u::mi1lnmuufthr-.|1ulwuv.v1l;><-1',-.. I l | o o [reely
: (hotograpd by N, F. Hownrd.) T_JOI_‘“} (S L] 2111(_ (801} 11]0\-0 llt‘{: Y.
It is also provided with a spiny
prothoracie plate that enables it to support itsell while entering the
pea.  Within the pea the larva molts, loses its temporary legs, and
becomes a helpless grub.
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THE PUPA

Just before pupating the larva forms a cireular exit, closed only
by the outer skin of the pea, which is also partially cut by the larva
before the prepupal stage. The adult has ouly to push against this
cap to ellect its escape {rom the pea. Figure 3 shows a {ully grown
larva, and pups of the pea weevil. TFigure 4 shows the adult weevil
ermnerging {rom the pea.

LIFE HISTORY AND HABITS
HIBERNATION OF THE ADULTS

The pen weevil emerges from infested seeds in the fall and spring.
Those thot emerge in the fall pass the winter in storege places, in
cracks nnd ereviees out of doors, and in rubbish about the ficlds (12,
19, 21). It has been reported that in cortain loealities in the Union
ol Soviet Socinlist Republies the weevi! is unable to hibernate success-
[ully out of doors {9).

Table 1 shows the results obtuined in the examination of debeis
around the border of a badly infested field near Moscow, Tdaho, in
April 1932, The examination was made after winter mortality had
oceurred and belore the spring flight had started.

TanLe 1 —Typical localities in which pen weerils weve found overwintering al
Masgww, Iduho, April 1332, and record of suriivel

S Woevils 0 Woevils | Woevils
B CTHITH ol wlive

Locenlity

CNWwber o Nwinder | Pereewt
2 sgqunro feel of pine dust benoalh n izmup of sl plnes o ; w LE %]
lsq?;u‘o foot of pine duff heneath alono tree ... ... . . : . H .7

L RS S ' 2} 85,8
1 srpumre font alsurfues henenbh n large raso bush one the s feld ' : FAN
Banenth i 2 by 1,7 feet Tong, Lying Indebrisat tho biuse of rash . .. ; i e |
Bencath bork of an old rotlen stumps, . Mo i .3
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An examination of the cracks and erevices of 175 posts in the fence
bordering this ficld revealed an avernge of 39 hibernating weevils per
post, while & large erack in one post served as o shelter for 502 weevils.
It took only 15 minutes to find 100 hibornating weevils beneath the
hark of a ponderosa pine (Pinwus ponderose Lawson) growing near this
field. )

Not far distant from this field, in 2 large grove of ponderosa pines,
181 weevils were colleeted from a cage covering 4 square Toot of bark
on a large tree. These pines scem to furnish an ideal hibernating
place for the weevil, as very little mortality occurs nmong the insects
bernating in the shelter of its Joose hark.

Brindley (4) has reported the collection of eight weevils in a cage
covering 12 square feet of the surface of n pen ficld in the locality of
Moscow, Idaho,  These data are interesting beennse the woovils were
cellected in the spring after they had been exposed to all the rigors of
winter. As thoe cuge was set at random, o like number probably
overwintered in the trash and debris covering many other similar areas
on the field.  Winter survival on the surface of harvested unculti-
vated fields may accouns for the large weovil populations that nppear
each yenr in some of the locadities of this torvitory.

No evidence 1s availabie, however, of hibernation on the pen fickls
ol western Ovegon. If the temperatuves are high enough for the
weevil 1o become aetive it Jeaves excessively moist situntions, and in
this region it is forced by the carly lall vains to seek better protection
in the shelter of the loose bark of numerous species of troes growing
near the mujority of the pen fickds, in the lichens on the osle trees,
in the cracks of fence posts, and in other situations ahove the level
of the ficld surfuce (12). Collections muade in 1932, 1933, and 1934
in the Willamette Valley indicated thut, for each of theso years,
approximately one-third of the weevils that had sought hibernation
guarters in the eracks of fence posts were dead in the spring. This
mortality was duein part to the attack of the fungus Rotrytis bassiana
(Bals.) Vuill.

Weevil-infested peas stored in poorly made or damaged sacks,
waste peas in stored pen hay, and pea screcnings dostined to he fed
to livestock also serve as important hibernating media unless such
peas are utilized, destroyed or fumigated hefore the weevils emerge
in the spring.

Low temperatures have been shown to be one of the most important
factors aflfecting the survival of weevils in hibernation. In small
hibernation cages distributed throughout Oregon and Idaho and

lnced in situations where they were protecled from rain and snow,
L)ut, otherwise exposed to cutside températures and humidities, all the

weevils weres killed where exposed to temperatures of —19° F., but
where the Jowest temperaturs recorded was —16° o small percentage
ol the weevils remained alive in the spring.  Weevils in cages that
were protected by snow or grass survived in loealities where air
teruperatures as low as —23° wore recorded.

SURVIVAL OF ADULTS THROUCGH TW0O WINTERS IN STORED PEAS

Zuvity and Lochhend (2/) relate that a few tive weevils were found
in peas that had been Mumigated in Ontario and shipped to England,
after they had been left undisturbed for almost 2 years,  Skaile (16)
indicated that the sdult weevils nay live into the second winter,
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This has been found to be true during the course of the present
investigations, for not only were living weevils found in pees stored
in a warehouse during the winters of 1931-32 and 193233, but some
were found alive during the following spring and summer. At
Moscow, 36 percent of the weevils were glive in samples of threshed
peas examined on March 25 of the sccond winter.  On April 28 the
percentage of survival was unchanged; on May 27 the swrvival was
11; on June 10, 6; on July 7, 2 percent; and late in July of the second
summer sll weredead.  Oneof the weevils, after surviving two winters
in the storehouse, lived all summer and Inid 467 oggs. At Corvallig,
Oreg., 4 living adulis and
400 dead adulfs were found
in examining weevily peas
on May 23, 1933, alter thoy
had passed the two previous
winters in o wirchouse. A
pair of these 2-year-old wee-
vilg tulen from the peas on
April 30 mated in the labo-
ratory, and the lemale lnid
28 viable eggs.  Living wee-
vils that apparently had
never lefs thetr hibernating
places under the loose bark
of pine trees (14) have also
heen Jound throughout the
summer, 1L seems possihie
that some of the weevils hi-
bernating out of doors mny
he able to survive until the
next crop senson.

EMERGENCE FIROM HIBER-
NATION

The weevils emerge from
hiberngtion in large num-
bers durving the first warm
duys of spring when the air
temperntures exceed sp-
proximately 70° F. The
emergence usuatly coineides
with the blooming of vol-
unteer pess in Jdaho and the blossoming of the earliest varieties of
garden peas In western Oregon.  Seven weevils, in one case, were
colleeted on June 5, 1032, in 100 sweeps of u 13-inch coilecting net
on volunteer peas which were In bloom. Five duys Ister, 1,015
weevils were collected in alike number of sweeps Irom the sanie pateh.
Wosther conditions were quite similar on both davs. Bome weevils
Ioeate the crap belore blooming starts, but when blossoming boegins
Jurge numbers of weevils soon find the pess, slmost completely ignor-
ing peas which are not in bloom for those which are.  In one case
1,415 weevils were colleeted in 10D sweeps of a colleeting net on
flowering peas, while only 8 individuals were eollected in a like nuin-
ber of sweeps on less mature vines hmmedintely adjoiming. The
weevils are npparently attracted to the peas by some odor from the

P A~ A penoweer] dnon tyenceid positbon an o et
Dlissimn,
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blooms rather than by the color, for white blossotus atiraet thom in
as lurge numbers us the colored blossoms. Figure 5 shows a pes
weevil in a typicnl position on a pen blossom,

FLIGHT

Judging from available evidence it is apparent that weevils may
fiy sevoruTmilus to and from hibernation,  Korb (4 liberated marked
pen weevils in the spring and later found them on peas more than
2 miles away. Wakeland (/8) reports finding living weevils under
the bark of trees as for as 3 miles from pes fields.  The adults are very
active and alert,  The slightest disturbance will #ause them to feign
death or to take flight; consequently, the casunl observer seldom sces
the pen weevil adult in the field.  When warm weather induces it to
emerge in large numbers from stored, infested peas, however, or when
henvily infested peas are hiarvested Jute in the season, the inseet may
become & scurce of annoyance to those in the vieinity ol the infested
material {1},

DISPERSAIL IN THE FIELD

The dispersal of the weevil within the field has been discussed in an
earlicr paper {{1). Thenumber of pen weevils may vary considerably
in the different parts of the fickl. The border, as a general rule, 1s
always more heavily infested than the interior of the field; as many as
28 times as many weevils have been collected with an hisect net at the
the edge of o field as were collected nenr the conter in the same number
of sweeps. Theedge nearest the principal hibernating quartersusunily
has the greatest infestation, more thun 10 times as many weevils
having been collected along the side of 2 field adjvining a forested area
as were collected along the opposite side. Weevils prefer the low
places to the high places in the ficld. In one instance twice as many
weevils were found on the peas in the valleys as were found on the
ridges of a large field,

FEEDING HABITS OF ADULTS

The adults feed on the pollen of blossoming peas.  If the infestation
is severe they may feed on the calyxes, make hioles near the base of

Fitivre t,—Pods Wjured by e feeding of wlult pen weevils,
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the receptacles to obtain nectar, or injure the developing pod by
cabing small holes in its surface. Figure 6 shows a view of the injury
that restlts when adult weevils feed on 1he pods. In the majority of
cases, however, they merely make their way into the interior of the
flower to feed on the pollen. Frequently two or more weevils may
enter the same blossom. Adults that cannot find pen pollen will
feed on that of other aveilable plants. They have been observed to
feed on the pollen of yarrow, doglennel, wild rose, many other flowers,
and several undetermined speeies of grasses, Pollen seems necessary
for the developmment of the eggs.

OVIFOSITION

After feeding on the pollen of the pea blossoms for several days the
weevils mate end soon begin to lny eggs. Mating continues through-
out the period of oviposition. Pairs m cages have heen observed to
mate several times. The cggs are lnid on pods of all sizes from those
just beginning to form to those just beginning to ripen. Qceasionally
they are laxd on the petals, stamens, calyx, receptaclo of the blossom,
or other parts of the pea plant.

Experiments were conducted at intervals during the summer of
1933 to determine the length of the preoviposition period. Tt was
necessary for the insects to feed on pea blossoms hefore thev would
mate and lay eggs.  Ineach of the experiments a total of 25 to 50 pea
weevils, taken directly from the pen seeds to insure that previous
feeding had not oceurred, were placed on a bouquet of bloomsin a quart
fruit jar. Peds were placed in the jars and examined dnily to deter-
nmine when the first eges were laid.  The maximum duration of time
after the weevils start to feed until the first eggs are laid, ns shown hy
a series of 16 tests conducted at intervals from June 6 to August 11,
1933, was 14 days early in June, and the minimum was 4 days in the
case of two groups of weevils placed on hlooms in July.

Much varation exists in the published literature eoncerning the
number of eggs Inid by ench pen weevil. Skaife (77) reported an
average of 24 eggs, but cominented on the fact that this figure seemed
very low. Korab (2) found them to lay as many as 222 eggs with an
average of 126 and stated that the egg-laying period was not long and
could he wholly included in a period of 15 days. The data obtained
by the authors are in direct contrast to these figures.

In & study conducted at Moscow during 1932 on 12 caged females,
o maximum of 735 eggs, A minimum of 92 eggs, and an average of 432
eggs were recorded.  The inaximum ovipoesition period was 83 days,
the minimum was 17, and the average was 47. This study was ter-
minated at the end of 84 days beeause cold weather had ended the
activity of the weevils, A sumtnary of the results obtained at Moscow
during 1933 with 40 pairs of weevils showed a maximum of 467 egps,
deposited over a period of 41 days. The minimum recorded in 1933
was 38 eggs, laid over & period of 24 days. One female of the 1033
series laid 235 eggs in 90 days, while another lnid 300 eggs in 25 days,
or an average of 12 eggs per day.

A summary of the data obtained in o study of the oviposition of 41
caged pairs of weevils at Corvallis in 1933 showed that 8 maximum of

14587 °*—{B-———2
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749 eggs was recorded from one female during a period of 113 days.
Tn these eage experiments 43 percent of the eggs Jaid were sterile.
The largest number of fertile eggs laid by one female was 325.

The weevils used in the oviposition studies at Moscow were talken
directly from pea sceds and placed in juvs on pea blossoms,  Here they
were allowed to feed and mate until the first eges were laid on peq pods
placed in the jurs.  Female weevils were then segregated in individual
test tubes previously provided with o pen blossom and a pen pod.
At Corvallis the weevils were token from seeds, and a male and female
were placed in each test tube without previous feeding.  The results
ot Loth stations were obtained by daily observations. ~ Each day the
cggs were counted and o fresh pod and a fresh bloom were added.
The eages were kept at roomn temperature in a field ingectary. Qwing
to the presence of the pod and hlossom, the relative humidity was
very high, as evidenced by candensation of water on the inner surface

of the tubes,
FIELD} STUDY OF OVIPOSITION

Thie seasonal oceurrence and duration of the ege-laying period are
ol importance in the application of control measures Tor the pea weevil,
hecouse it is during this period that the actual damage to the pea
crop begins, A study was therelore curried on at Moscow during
1933 and 1934 which was designed to determine (1) the duration of
the period the weevils would continue to lny eggs under field conditions
il & continuous supply of vines were available, (2) the duration of the
period an individual planting of peas would he susceptible to weevil
dmnuage, and (3) the duration of the period an individual pod would
he neeeptable to the weevils for ege laying.  The major part of this
information was ohtained by planting peas at intervals throughout
the spring and enrly summer and then eaeh day recording all the eggs
Inid on 25 vines from ench plinting. The counts were made datly
from the same vines, which had been selected nt random before ovi-
position started.

1n 1633 plantings were started on April 6 and repeated at weekly
intervals for 11 consecutive weeks until ot wenther holted the growth
of peas.  The plantings during 1934 were started on February 19 and
repeated nt irregular intervals until May 29, The results for 1934 are
shown graphically in figure 7.

The results of these experiments reveal muny interesting facts
regarding the ovipesition habits of the insect, Weevils capable of
Inying fertile eges were present in the ficld each year, from the time
the enrlicst secdings started to produce pods until hot weather pre-
vented further pod development.  The penlc of egg deposilion in 1933
oceurred on the gixth planting, sceded on Muay 11, aud in 1934 on the
second planting, seeded on March 14, The development of a very
early spring duving he Intter year probably accounted for this difler-
ence.  In 1934, ot Moscow, the carliest planted peas were acceptable
lor the deposition of eges during . total period of 32 days, while the
lnst planting, sceded on May 29, was acceptable for oviposition for
only 12 days. Practically the same results had been obtamed during
1033, since the maximum time during which eggs were lnid on any one
planting was 30 days and the minitnum was 8 days. A similav study
during 1932 on the pods of Enrrly Washington peas had demonstrated
that they were aceeptable for egg laying during a period ranging from
G to 16 days.
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Irigure 7 shows graphically the influence of air temperntures on egg
deposition. Eggs were laid in greatest number when the maximum
temperature excecded 80° ¥., very few eggs were laid when the
maximum fell below 70° and no eggs were laid at temperatures
below 65°, This is in agreement with field observations made at
Corvallis, Consilerahle time was spent in observing the oviposition
of the fenules in the field. By suspending n thermometer in such a
manner thut the bulb was _situntc([ only n short distance from the
ovipositing femnle nnd at the same beight from the ground, it was
determined that, under field conditions, oviposition wns greatly
accelerated at temperatures above 70° and censed at temperatures
below 667, Oviposition may
oceur at any time during the
davlight hours when the tem-
perature exceeds this limit.
At Corvallis this is generally
fromabout9a.m. until 5 p.m.

Observations and measure-
ments revealed that the pods
most favored for egg deposi-
tion are those that have nearly
reached their maximum size,
but which are still in the proc-
ess of growth. The number
of eggs laid on esch pod de-
pends principally upon the
number of pods avnilable to
each weevil for oviposition,
One pod about 2 inches in
length, picked {rom . very
badly infested field near Mos-
cow, Idaho, bore 116 eggs
on its surlace. The duration
of the period the individual
pods under observation were

Fraune §—Pen weovl! ovipesiting, neceptable  Tor  oviposition
ranged from 6 to 18 days.

No particular part of the pod seems to be preferved for egg laying.
Figure 8 illustrates the appenrance of an ovipositing weevil, and
figure 9 the typical appesrance of eggs Inid on the pods and calyxes
of Austrian Winter field peas.

Observations in western Oregon have demonstrated thut the weevils
may oviposit on the enrliest garden peas and on the late fall peas if
the temperatures are high enough. Bggs were found in that section
ns late as August 28 in 1933 and as carly as April 10 in 1934, Fggs
thut were found on pens at Coquille, Oreg., on August 21, 1932, dud
not hatch until 5 days later when kepb at room temperature. On
September 19, 1933, weevil eggs were found on late pess grown at
Cannon Besch Junetion, Qreg.

At Corvallis, the number of cggs per pod laid on the field peas
increased il the peak of the blossoming period was renched and
then decreased rapidly in direct proportion to the availability of
blossoms und suitable pods for ogg deposition.
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Firavis ¢~ Epga of the pes weevi] lid ou pods sed ealyxes,

INCUBATION PERIOD

The incubation period of tho eggs of the pea weevil depends greatly
on the temperaturs. Skaife (77), in South Alrica, roports a range of
from 16 to 18 days in summmer and from 21 to 40 days in winter, and
Korab (9), in the Union of Soviet Socialist Republics, found the period
of incubation to range from 6 to 10 days. Wakeland {(8) stated that
the maximum duration of the incubation period of the eggs at Moscow,
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Ideho, was 17 days 1n 1930 and 14 days in 10931, with & minimum
incubation period of 4 and 7 dnys, respoctively.

In the specimens under observation b Moscow in 1932 and 1533
this stage ranged from 5 to 14 days, with an average of approximately
9 days. ‘These studies were made under field conditions during June
and July. The tempersture, ns recorded by the United States
Weather Bureau, for June averaged 62.6° F. in 1932 and $0.6° in
1833, and for July wveraged 64.8° in 1932 and 67.9° in 1933, The
results of this study are corporated in tables 2 and 3. The range
in duration of the incubsation period at Corvallis, however, was much
groester than at Moscow. At Corvallis the time required for the
eggs to hatch ranged from & maximum ol 23 days in May to a minimum
of 6 days in June. The temperature during the incubation period
averaged 56° in the first instance, and from 61.5° to 68° in the case
of those hatehing in 6 duys. The sverage incubation period for 2,451
eggs on Austrisn Winter field peas in 1832 was 104 days, and for
639 cggs on early garden peas in 1933 was 10.3 days.

Tante 2—Summary of life-history date on e pea weewil, Moseow, Idaho, 1932
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To obtain the duration of the egg stage, a serics of recently laid
eggs wore marked by making o circle about them on the surface of the
ped with india ink, and examining them at intervals until they
hatehed. The ink remained visible thronghout the season and caused
ne appreciable injury to the pod if care was tuken in its application.

LARVAL STAGE

The newly hatched larva ordinarily enters the interior of the pod by
boring through the chorion of the egg and into the pod through the
under side of the egg. The small, round entrance hole con easily be
seen when the eggshell has been scraped away, A few of the larvae,
however, instead of boring directly into the interior of the pod, con-
struct mines in the outer shell of the ped before entering.
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TasLe 3~~Swmmary of life-listory dala gu the pea weevil reared tu Alasia peas wl
Moscow, Idako, 1933

SERIES 1w INDIVIDUALS

First uhd st ab-

Letyglh of (e stuge <orvRtinn

Rtuge - el [P

Maxl- Mind-

2
W o A e Blundnrd Mode Flrst Tt

tevintion

ey fiaps {hays Aingx

14 ) AT 16 () Jope 61 July 6
e e al 21 35 . e e dume 2600 July 04
Pujm.... . th 16,7 X e AR ] Ao B

e e o= m Y 1
Prevelopmeninl perbusl o I 1% [ . e eed dutie J“: i,

SRRIES % W00 INDIVIDUALS

.

] i 854 L b Jiiy W

i ‘3‘; :-EE R 33 3 J\ul)’ ég
i 2,4 L 2 Ay Aug,

iy A5 [y LR wl Do,

SERIES & 1 INDIVIDU

1 5 Iy July
. L i jot] a2 Nt ! July

PUPS. i e o i1} 5 I} A,
Developuientol pertot... B A7 EOC I ot 582 | July
L}

! The pumdber of observations in s serivs wais insufDeiend (o establish sl cliess,

Once inside the pod, the tiny Iarva soon penctrates the seed. A
small, dark spot forms on the seed cont over the point where it enters
the pen, Many larvae may enter the same pea, since as many as 17
“stings’’, as the small blacl sears are termed, have been counted on o
single pea. Tigure 10 shows a typical iHlustration of these sears on
green peas of markes size and figwre 11 shows the stings on an enlarged
scale, ‘The relation of the ineubation period fo the development of
the seed is interesting, for even though the egg is laid when the pod is
very small, by the time the egg hatches the pen has atialned a size
suflicient to provide suttable nutrients for the weevil lurva.,  After
gaining entrance to the pen the larva usunlly feeds near the seed coat
for o short time and then works its way toward the center of the pea
as shown In figure 12. A large portion of the conteuts of the pea is
consumed by the larva during its period of growth.  Figure 13 shows,
at approximately weekly iutervals, the injury resulting from the
feeding of the larva. The mature larva usually euts & smell, round
hole leading to the exterior of the pes approximately 2 days before it
pupates, in order to facilitute the emergence of the adult,

When two weevil larvae enter the snme pea they frequently develop
until they become so large that their feeding tunnels meet. The
details of the reactions of these companion larvue are not known
definitely, but it is probable that one eats into the other and kills it.
Somstimes both of the Inrvae die. This probably gecurs when a
larva eats into the tunnel of a larger one or one of the same size and,
efter kifling it in an attempt to feed, starves because it 1s unable to
reach the side of the tunnel with ils juws. In other instances two
iarvae complete their development within the same pen, but only
one living adult emerges. Repeated observations in such instances
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have vevealed that one larva develops faster than the other, pupates,
and transforms to the adult stage, but becomes the vietim of its more
slowly developing rival, which then develops to maturity. In one
instance two livin{: adult weevils were found by the anthors within
the same pea, & unique oceurrence which has not been reported in the
literature previously.

The durations of the Intval and pupal stages were determined by
continuing the observations on the newly liatched larvae that devel-
oped in the incubation experiments on the eggs and entered the pods
at that time. The pods
containing these weevil-
infested seeds were left on
the vine until they had
ripened. Then ench
marked pod was removed
and shelled into a com-
partment of a develop-
nient tray.  They were
kept in a field nsectary
building and examined
daily until the adult
emergence aperature, ar
“emergence window”, he-
enane visible.  When this
appeared, the end of the
larval stage was known
te be near, so the thin
membrane of the sced
cont was opened to de-
termine the exact day of
pupation. The larva was
usually in the prepupal
stage when the pea was
opened nnd seemed to he
unalfected by the abnor-
mal situation,

As shown in tables 2
_ = and 3, the average dura-
IIGUKE 16—reen |n.u1.\i:ahu]:;'x‘yﬁet':mmnm:ihm:suf R weevil !iO]l of l]l(‘ larval .stage

in the different series st
Moscow ranged from 32.1 to 42.7 days, the maximum period of the
larval stage m uny series being 36 days and the minimum 25 days.
At Corvallis, from 94 records of the larval development in Blue
Bantam garden peas during June and July 1933, the time [rom hateh-
ing to the pu;ml stage averaged between 37 and 38 davs, while the
maximum period of the larval stage was 48 days and fhe minimum
was 27 days.

At times, howewer, the larval stage may be greatly prolonged.
Seven small living larvae were found in peas that had been shelled
for periods ranging from nt least (16 daxs Lo at least 131 days.  Dur-
ing this time the peas in which they were found had remuined in the
field exposed to the warm sun for periods yanging (rom 1 to 4 ditys
and had later beeu kept in & lieated building.  Two live Iarvae wore
found in fumigated peas which had been taken from the warehouse
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84 and 91 days previous to being opened. It is extremely doubtful
whether any of these long-lived larvae would have developed to adults,
The study of this insect, developing as it does within the pea,

FiGURE 13 —3ears over Iarval entrance boles; ¥ 414 (Photograph by . F. Howuard .

Figung 12.—Larva feedlog in green pea; X 444, (Phatograph by M. F. Howard.)

presents difficulties that make it impossible to conduct a series of

measurements on an individual larva during its period of growth to

determine the number of molts. Brindley (4) has obtrined this
145875 — 283
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information, however, by splitting peas at 2-day intervals and meas-
uring the head capsules of the larvae collected from the split peas.
He found that the measnrements grouped themselves logically into

FiouRe 13.—Peas splil open to illustrale the progressive Injury by the pea weevil. Comdition on: A, July
22 B, July &% €, Aupust 30 D, Avpust L K, Awgost 17, F, Augest 26; &, Augnst 31 7L Septembor b,

four classes, denoting three molts and four instars in the larval devel-

opment. The average widths of the head capsules for the instars as
obtained by this method were: Tirst instar, 0.14 mm; second instar,
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0.35 mm; third instar, 0.64 mm; and fourth instar, 0.91 mm. A
study of these data showed that during the crop season of 1932 at
Moscow the insect spent approximately 12 days n the first instar, 6
to 8 in the second, 12 to 14 in the third, and 10 to 12 days in the fourth
instar.

Korab (9) lists five larval stages of the pea weevil, the fifth evidently
constituting the prepupal stage. He apparently determined the num-
ber of stages by measuring the length and widih of the inseet at short
intervals.” He found that the entire larval stage lasted approximately
40 days. Skaife (17) reported the duration of the larval stage in
South Africa to be from 70 to 90 days.

PUPAL STAGE

The larve pupates within the pea with its head toward the emer-
gence hole. At Moscow the average duration of the pupsl stage in
1632 was 13 days, the maxtmum 27, and the minimum 8 (table 2);
in 1933 the average duration of the pupal stage was 11.5 days, the
maximum 17, and the minimum 8 (table 3} in observations made
throughout the crop season. At Corvallis in 1933, out of 88 larvae
reared in early garden peas the nverage duration of this stage was
10 days, the maximum 12, and the minimum 8.

Korab (9} found that in the Union of Soviet Socialist Republics
the weevil spent about 26 days in the pupal stage.  Skaife (17) found
the pupal period to range between 18 and 24 days.

THE DEVELOPMENTAL PERIOD

One hundred and forty-nine records of thedevelopment of the weevil
from eggs laid from May 28 to June 15, 1033, on early gavden peas
{Blue Bantam) at Corvallis, show an average time of development
from egg to adult of 57 days, o minimum of 46, and & maximum of 71.

Table 2 presents a summary of the length of the immature stages of
548 individuals reared at Moscow, during the crop season of 1932,
snd table 3 presents a summnvy of these dutn from 231 complete
records obtained during the summer of 1933. A study of table 2
shows that the development from ege to adult was completed in an
average of about 66 duys. The individual developing most slowly
required 82 days, and the individual representing the most rapid devel-
opment beeame an adult 50 days after the egg was Inid.  These data
ciffer considerably from the records obtained by the same technique
in 1983. During this senson the average length of this developmental
period for the 231 individuals reared was 55 days, 11 days less than in
the previous year. The maximum developmental fime wns Sinsums 72 days
and the mimimum was 45. The difierence was undoubtedly due to
the weather conditions of 1933, which favored the development of
both the pea plant end the pea weevil.

These detailed studies were paralleled by field examinations, Every
2 days throughout the development of the weevil in 1932, 1933, and
1934, a total of 250 weevily pess from two different plantings of peas
were split open,  Figures 14, 15, and 16, presenting a summary of the
results of these observations, illustrafe the influence of temperature
and rainfall on the development of the pea weevil. It will be noted
that the weevils start emerging from the pens shortly after the adult
stage is reached, but that emergence is stimulated greatly by rainfal),
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Korab (9) found that the pea weevil developed from egg to adult
in a period ranging from 67 to 88 days. According to Skaife’s data
{17) this period would range {rom 104 to 154 days in South Africa.
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OCCURRENCE OF A PARTIAL SECOND GENERATION

That there may be a partial second generation at both Moscow and
Corvallis, in some seasons at least, has been indicated by several ob-
servations. Newly deposited weevil eggs have been found on peas
as late as September—long after the earlier pens had been harvested.
In 1933 the pods that were gathered daily from Iute-planted peas did
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not reveal the presence of eggs during a period of several weeks in
August, but late in that month eggs were found on the pods. During
the same year three pairs of weevils that had developed during the
summer were placed in breeding cages. The femules of two pairs

2y 27

MAXIHOM

IPIII%IJI+IIIJ
LI
ae nI lll“ﬂﬁ{
EEE

LARVAE

_I_llllll- abadatls. L.

SEPTEMEER

~

WA 14
o

e

BRUCHUS PISORUM £,
MASCOW, IDAND 1234

il |Ili

lo temperature and precipitation: A, In carly

2, in Inte-plonted Alnska weas,

LATE PLANTED . ALASKA FPEAS

LT /'_
A,

MINRILAY

Lo ] bl

|

B2 M3 7T KOS

\’-J
7
B f——mvsr

DEVELOPMENT OF THE PEA WEEVIL

N FEAS

#

Pl

|
od ADULTE

34 in relation

KX

¥ o
3
5 8%
i3

i g

T

O¢ ?085?:]’

L
- IY[‘,T' T‘\.._

VS TR RS AR Y

el ibr vl

PRECINIZTION

PUPAL

Tlanted Alaskn peas;

MOI5 R

PTEMBER

Py
FE

THITTTITT

ADRTE
FEAS
il
Ji 3 7
1

FiGuRE 16.—Seasonul development of the pen woevil nt Aloseow, Tiahe, i

BRAUCHUE PISQRUM L,
MOSCOW, [DAND 1334

IARENIAE LIS

1

DEVELOPMENT OF THE PEA WEEVIL
IN EARLY PLANTED ALASKA FPEAS

| I
AUGLS T

{

L

\ 4
X 3

() zononsonas

[ . L - -

“lz

each laid more than 100 cggs, but nono was fertile.  The female of the
third pair Jaid 76 eggs, of which 7 were lertile.

These results are In agreement with those of Skaife (16, who founl
that in South Africa n few eggs were laid late in the summer and that
most of them were infertile, but he reared adults from some of them.
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He states: “It seems as though the habit of hibernating, inberited
from their northern progenitors, is growing weaker in this country,
with tha vesult that there is a partial second| generation.”

EFFECT OF THE PEA WEAVEL ON THE PEA SEED
EFFECT ON GERMINATION

Weevil-infestesl pens, in addition to being undesiralde for human
food, are also uniit for agricultural purposes. Some controversy
exists in the literature and among pea growers with reference to the
influence of pea weevils on the geymination of sced peas.

Coincident with the obtaining of records upon the duration of the
Inrval and pupal stages of the pen weevil, in 1933 and 1934, samples of
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1ens ) duriog 1938 at Moscow, Lilnhe,

peas containing larvae and pupae in all stages of developnent were
fumigated at weckly intervals from the time the peas began to ripen
until the adult weevils had begun to emerge. The germination tests
of these samples revealed, as tllustrated in figures 17 and 18, that the
percentage of germination of weevil-infested seed peas depends upon
the extent to which the pea weevil has developed when the peas are
fumigated. Tt will be noted that 98 percent of the weevily peas picked
on July 27, 1933, germinated, whercas the percentage of germinntion
of later pickings decreased rapidly. The gerimination of Alaska peas
wasg not greatly affected until after the weevil had completed the third
instar.

A comparison of figures 17 and 18 shows that the percentage of
infested peus germinating varies from year to year. This is due to
the fnct that during some years the developing Tnrvae attain a greater
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size in the peas before they are ripe enough to harvest. Also, it
is shown in the first column of figure 18 that the viability of the sced
is lowered grently when pess are picked and fumigated with earbon
disulphide before they huve completely ripened.

EFFECT ON WEIGHT

Pea growers are well aware of the fact that peas containing weevils
weigh less than sound pens. Korab (9) found that the loss in weight
of eight diflurent varieties of weevil-infested peas ranged from 9.6 to
30.3 percent.

During the sununer ol 1933, as soon as the pods on the vines
had ripened sufliciently to permit threshing, weighings were made, at
2-day intervals, of o sniple of weevilly peas and a sample of sound
peas picked from the same field. 1t was found, us shown in figure
19, that tho oviginal weight of the infested peas deercased 22.2 per-
eent #s compared to a decrease of 1.1 percent in the sound peas.

FACTORS AFFECTING THE ABUNDANCE OF THE WEEVIL

Several sources of pen weevil infestation which operate to maintain
very high populations of adult weevils hnve been observed during the
course of this study. The elimination of these sources presents many
serious difficulties, but their solution would aid greatly in the control
of the pea weevil. The principal sources of infestation are (1) the
peas shattered in the ficld during or prior to harvest, (2) volunteer
peas, (3) pea hay containing weevil-infested peas, and (4) the plant-
ing of weevil-infested sced. .




THE PEA WELEVIL IN THE NORTHWIST AND 17§ CONTROL 25

235

&
o

§

=== SOUND PEAS
— WEEVILY PEAS

WEIGHT OF PEAS(GRAMS)
B
3

—— |
b———

--_"‘—-—-_

I?solll!! [ ] | Iy | L L bt 1 [
] 7 7 3 /9 25 3 &
Ivazr > AUGUST g SEPT

Frouhe {8,—Loss in weight of Alnske peas due tu imfestalion by Lhe bra weovH,
FIELD SHATTER

TField shatter, or the shelling out of ripe peas on the ground, is
due primarily to faulty harvesting methods and to climatic factors.
It constitutes an important source of pea weevil mfestation in all
pea-growing scctions of the Pacilic Northwest. Larson (10} has re-
ported the serious results of carcless harvesting of peas in the Wil-
lamette Valley of Oregon, and states that the burning of the debris
on the field, when performed properly, will kill nearly 100 percent of
the weevils in the shatiered peas. Korab () found that weevil emer-
gence from field-shattered peas in the Union of Soviet Socialist Repub-
lics was of little import, since the weevils were unable to survive the
winters out of doors in the pea-growing sections of that country.

At Corvallis, Oreg. (10), the estimated number of Austrian winter
peas left on the field after harvest, as determined by collecting all of
the seeds shattered on areas covering 100 square feet of field surface,
ranged from 500,000 to more than 3.000,000 per acre, and the number
of pen weevils ranged frem 1,500 to more than 1,000,000 per acre. It
was estimated that spproximately 47,000,000 weevils emerged from
peas shattered on one 40-acre fiekl.

At Moscow, Idaho, the percentage of loss in yield from field shatter
was studied by picking up all of the peas found on a total of six
10-foot-square plots in each ficld under observation. All the peas
gathered from each plot were weighed, counted, and examined to
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determine the percentage of weevil infestation. In these fields the
maximum loss per acre was found to be 50 percent of the total number
of peas that the vines had produced on a field harvested with a com-
bine machine, in which the peas actually harvested averaged 690
pounds per acre. The minimum loss per acre, which also occurred
on & combine-harvested field, was 7 percent on a field from which
1,428 pounds of peas were harvested per acre.

Several different mothods of harvesting pens are in general use in
Idaho and Washington and sceveral fields harvested by each method
were sampled to determine whether any one of the harvesting methods
was superior. A summary of this study carried on during the falls of
1931 and 1932 jis presented in table 4. These data show that the
combine method of harvesting field peas is superior to the other
methods used. A portion of the heavy field shatter is due to wind,
hail, and rain.  Much of it is due, however, to careless harvesting
methods, as revealed by a comparison of the harvest loss suffered by
thg] same group ol farmers during the 2-vear period represented in
table 5.

Tanrn d—Swummary aof loss of peas by different ha reesting methods, Moscow, Tdahe,
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With but ene trifling exception, the growers who had the lightest
harvest loss in 1931 also had the lightest loss in 1932 and, conversely,
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the two that suffered heavy losses in 1931 also had the heaviest losses
in 1932. The total loss from field shatter in 1931 was approximately
twice as great as the loss in 1932, This was due, atb least in part, to
the shorter length of the vines in 1931,

The significance of the potentinl infestation from ficld shatter during
harvest is shown by the fact that 1,480,178 weevil-infested peas per
acre, judging from the snmples examined, were left on the ground in
one badly infested fleld on which the loss was extremely heavy.
Tigure 20 shows n typical bit of harvest loss from field shatier.

Weevils in shattered peas suffer o high degree of mortality when
these are exposed to the heat of the sun,  In order to obtain data upon
this point, three samples of infested pens, one shelled, one shelled and

Froung 20~ A typlea! Lit of harvest loss o o Oeld of Alaska peas, Mustrating Hae pieas lost by shattering
yirlor (o or Gurkig hatvest,

covered by & thin lnyer of pea straw, and the other in pods, were spread
out on the soil surface at weekly intervals, beginning when the pods
first ripened and ended on September 8. A sample of peas from each
lot was split to determine the stage of the weevils at the time they were
exposed. The maximum mortality oceurred among those weevils
in shelled peas that were exposed early in the season.

The peas were picked up on October 3, 1934, and were stored in the
ficld insectary until they were examined {from March 17 to April 17,
1935.ﬂ In this test weevils that had emerged were considered as living
weevils.

A study of figure 21 shows a survival of only 9.2 percent among the
unprotected sheiled peas spread out on the ground on July 28, while
79.2 percent survived in peas protected by a thin covering of pea
straw. Of those that were alive at the time the samples were examined
only 1.2 percent had emerged from unprotected shelled peas whereas
9.6 percent had emerged from those that were protected. Weevils
in peas protected by pods spread on this date showed & survival of 43.6
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percent and an emergence of 13.3 percent. The survival and emer-
gence graduslly increased in the peas spread until of those put out on
September 8, 61.2 percent of the weevils in the unprotected shelled
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Fravne 21.—Infuence of lenpth of exposure and stago of weevil developmont an (he survival of pen weevils
in peas left on Ll ground in the field, Maseow, Idalo, 1934 A, Survival in peus placed on the ground on
the dutes shown; B, stuge of davelopment of the pea weavil in similar sampiles on the dates shown. The
experiment was terminated ou Oelober 8,

peas were still alive and 56.0 percent had emerged; 70.7 percent of
those in peus covered by a light covering of pea straw were still alive
and 61.3 fjei‘ct‘-l‘lb had emerged; and those in peas still in pods showed
n survival of 91.2 percent and an emergence of 66.8 perce
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Peas were picked up ab irregular intervals on a field of Austrian
Winter peas near Corvallis, Oreg., that had been cut early in the season
with 2 mower, raked into windrows, and then threshed with a sta-
tionary thresher. These peas were collected under three different
conditions: (1)} From peas found on the ground; (2) from pods found
on the ground; and (3) from pods suspended normally on vines above
the soil surface which had escaped the mowing operation. The results
are summarized in table 6. In this series of samples a progressive
increase in mortality eccurred until the last collection on September
27, when 91.7 percent of the weevils in shattered peas were dead and
73.4 percent of those in pods lying on the soil surface had suffered a
similer fate. During the same period a mortality of only 10.2 percent
occurred in the weevils contained in pods on the vines suspended
normally above the soil surface.

TasLe 6.—Morialily of the pea weeril in Ausirian Winler peas on a field near
Corvallis, Oreg., 1833

[Tha pens avernged B percett weevily]

Mortality In peas— Mortsliy In peas—

Dats of collection . | In pords Date of eollestion In pods
S| ‘oie | gu vizes St | e | an vines
ground | ground “E;’(}'ﬁ;‘?e groundd | pground ng?:fntge

Pereent ! | Percent ! | Percent ? Percent 1t Percent | Percent
July 27 e aeeas T JLE30 | I PR— Avg. 28 ... BE. 3 53.40 510
Avg. Tl 47. 3 4.0 el 70 S — 0.8 53. 8 2410
AUR. 15 e T ST |eemeeeee | Bept. 27 Ll m.7 T4 10,2

! Ench figure determined by the exnminntion of 600 pens.
1 Ench figure determined by the examtinotion of 200 peas,

In another instance a series of samples of peas were collected late
in the summer from a field that had been threshed with a stationary
thresher. The pes straw had been hauled back and scattered over a
part of the field, Seventy-three percent of the weevils were dead in
the peas collected from the part of the ground where the layer of straw
had not been added. On the other hand, the weevilsin peas under the
andded straw and the weevils in pods on vines in the field which had
been missed by the mower sufiered a mortality of 29 and 30 percent,
respectively.

In view of the foregoing information it will be appreciated that the
shattering of peas in the field constitutes an important source of pea
weevil infestation, the degree of importance depending principally
upon the time of harvest, the methods used in harvesting, the condi-
tion of the field after harvest, and the methods adopted to destroy
these shattered peas.

VOLUNTEER PEAS

In the vicinity of Moscow the shattered peas often pass the winter
without sprouting and grow as volunteer peas in the winter wheat
during the following spring. Under favorable conditions these volun-
teer peas develop into producing vines and make a partial crop.
Large numbers of weevils complete their development in these volun-
teer peas and escape to infest the next year’s crop. Examination of
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samples from 12 patches of volunteer peas during 1932 revealed that
an average of 71 percent of the peas contained weevils.

In western Oregon most of the shattered peas decay; therefore the
problem of volunteer peas is much less important than in Idaho,

WEEVILS IN PEA HAY

. Peas that are grown for forage sometimes serve as a source of weevil
Infestation, unless the hay is used or destroyed before the weovils in
the infested peas completc their development and escape. Even

FiouRe 22—A comparison belween puls picked tipe, oA, und pods picked green, A, Weevils develuped
unit emerged from both.

though the peas are cut for hay while they are immature, many of the

ods contain sceds large enough to permit the development of weevils,
lg‘igure 22 shows an immature pod in which a pea weevil developed.
Pea hay also furnishes a favorable place for hibernation, and nany
weevils remain in the hay until spring, when they emerge to infest
the new erop of peas.

PLANTING WEEVIL-INFESTED PEAS

In order to reduce the cost of production many farmers sow weevil-
infested peas for seed, on the assumption that the adult weevils con-
tained therein will he killed by burying, but experiments have detmon-
strated that large numbers of weevils einerge from peas planted at
the normat depth of 3.5 inches. .
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The percentage of weevils that emerge scems to depend principally
upon the temperature of the soil when the pens arve planted. In a
series of experiments at Moscow during 1932, 1,000 peas were planted
on April 18, which was the earliest possible planting date in that year;
snother 1,500 peas were planted on April 26 when field planting was
starting; and a final series of 1,500 peas was seeded on May 9. These
peas were planted at a depth of 3.5 inches, and « screen cage was placed
over them to intercept the weevils that emerged. Collections were
made from these cages at 4 p. m. each day and the soil temperature
was recorded st that hour. From the first planting 10.7 percent,
from the second 34.7 percent, and from the last planting 62.7 percent
of the weevils emerzed, The average soil temperature at a depth of
3.5 inches during the period of emergence of the weevils was 58.9°,
63.3°, and 84.7° K. for the respective plantings.

Korab {(9) planted weevily seed in the spring at depths ranging from
1 to 15 em and reported that some of the adults found their way to
the soil surface from a depth of 15 em.

NATURAL ENEMIES

Several insects are recorded in the literature as parasites of the pea
weevil. Skaife (I7) reared Bruchocida. orientalis gwfd. from the pea
weevil and reports that he reared a small green pteromalid and Aplasto-
morphe sp. from weevil-infested pess. Bruchebius lucticollis Ashm.
was listed by Pierce {13} and by Cushman (§) as a parasite of the pea
weevil. Korab {8) found the egg parasite Bruchoctonus séner Grese
destroying as high ns 60 pervent of the weevil eggs. None of these
species has been found in the Pacific Northwest. Two species,
however, Microdontomerus anthonomi Cwid. and Eupteromalus legum-
inis Gahan (determined by C. F. W. Muesebeck) were reared at Mos-
cow, Idaho, and E. leguminis (determined by A. B. Gahan) was reared
at Corvallis, Oreg. These parasites were found as larvae or pupae
within the pes seeds, and in every case outside of a dend weevil larve
or pupa. They have been obtained only occasionally from field col-
lections. It is intevesting to note that this same species of Fuptero-
malus has been reared in Utah, Wyoming, and Nevada from Buthy-
plectes parasitizing the alfalfa weevil {(Hypera postica Gyll)* In
September 1935 shipments of Triaspis thoracicus Curtis were received
from Angern, Austria, and were liberated at Moscow, Idaho.  As yet
it is not known whether this parasite has become established. A small
red mite belonging to the family Erythracidae and the genus Atomus
{determined by H. E. Ewing) fed cxtensively on the eggs of the weevil
during 1932 at Moscow. A staphylinid, Staphylinus migrellus Horn,
was found among the remains of & number of pea weevils near Cor-
vallis. In the laboratory this specimen devoured an additional 29
individuals of the pea weevil before it died.

The English sparrow was observed to feed freely on the weevils on
an experimental plot and where they were escaping from a concentra-
tion cage. The violet-green swallow fed on weevils emerging from
shattered peas. Woodpeckers and flickers completely stripped the
loose outer hark from a grove of ponderosa pine that was known to
shelter an abundance of pen weevils.

 Thode datn were taken [rom corregpatnionce between W, i, White nnd Ao 1L Gnbun,
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CONTROL EXPERIMENTS

Many aspects of the problem of pea weevil control remain to be
solved before complete recommendations for combating this pest can
be formulated. The results of the control experiments presented
herein are only preliminary, but as soon as experimental results
warrant the procedure, a publication dealing primarily with contro)
phases will be prepared.

The experimental program on pea-weevil control has followed three
main lines of endeavor: (1) Experiments directed toward eliminating
the principal sources of infestation, (2) experiments with insecticides,
and (3) experiments with methods of cultural control.

FUMIGATION OF HARVESTED PEAS

Fumigation is the most satisfactory and successful method of killing
the weevils in the newly harvested crop. It is inexpensive, and if
performed properly it kills all stages of the weevils in or among the
peas without injuring the peas either for seed or for food. Fumigation
should not be attempted, however, unless the seed peas are thoroughly
dry. They should not contain more than approximately 12 percent
of moisture by weight.

It is important that the peas should be kept in closely woven sacks
or in some tight container to prevent the escape of weevils from the
stored seeds prior to fumigation (7).

The fumigant to be used depends to & great extent upon the quan-
tity of peas to be fumigated and the facilities available for fumigation.
The materials most commonly used for the fumigation of weevil-
infested peas are carbon disulphide, hydroeyanic acid gas, chloropicrin
and an ethylene oxide-carbon dioxide mixture (2). In Oregon, where
the peas are fumigated during warm summer weather, either carbon
disuiphide or chloropicrin has given satisfactory results. Irrespective
of the fumigant to be used, the entire crop should be fumigated immedi-
ately after harvest and before it is cleaned. This procedure reduces
greatly the weevil infestation in the sereenings, which contain the
mejority of the infested peas present in the crop.

The seeds to be fumigated should be placed in n comparntively air-
tight container, such as a tin pail, wash boiler, watertight barrel,
garbage can, barrel lined with heavy papor, refrigerator car, freight
car, or a specially constructed fumigntion chamber or room, depending
upon the quantity of seed to be fumigated. Large quantitics of seed
peas are now being fumigated in refrigerator cars or freight cars, at o
dosage, when the car is of average airtightness, of 15 pounds of carbon
disulphide to each 1,000 cubic fect of space.  When the ear is in poor
condition a 20-pound dosage should be used, and if in good condition
so that it can be made nearly airtight, 10 pounds is a suflicient dosage.
The tighter the receptacle, the better the results, The fumigated
seeds should be nerated immediately efter the close of the fumigation
period.

CARBON IDMSULPHIDE

_Carbon disulphide is one of the most effective, cheapest, and
stmplest fumnigants used to kill pen weevils wherover insurance com-
panies or regulatory considerations permit its use. The dosage {at
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atmospheric pressures) should be from 4 to 20 pounds to each 1,000
cubic feet of space to be fumigated, depending upon the airtightness of
the container.  Under average conditions of fumigation, 10 pounds of
the material should be used per 1,000 cubic feet. (1 gallon of earbon
disulphide weighs approximately 10% pounds at ordinary tempera-
tures.} In estimating the quantity of earbon disulphide needed, the
number of cubic fect in the container should always be measured and
not solely the space occupied by the sceds. Tt is better to use too
much rather than too little of the carbon disulphide.

In the process of fumigation, the liquid carbon disulphide should
be poured into shallow pie tins or similar shallow dishes and placed on
top of the seeds to be fumignted. The gns from this fumigant is
heavier than air and the liquid evaporates more quickly if a large
surface is exposed to the air.

Fumigation with carbon disulphide shiould he conducted at or above
& temperature of 75° K. Tt is not cffective ot temperntures below 60°.
TFumigation should continue from 24 to 48 hours, depending upon the
tightness of the receptacle and the dosage, although most of the actual
killing takes place during the first 6 or 8 hours of expasure. The
germ in thoroughly dry seeds (not more than 12-percent moisture
content) is not injured by this treatment and the food vnlue of the
seeds is not affected.

Cavtion.~While carbon disulphide is a standard fumigant and bas
been used safely for many years by observing proper sifeguards, it
must be remembered that the gas is explosive and infllammable if
exposed to fire, such as a lighted mateh, cigarette, cigar, or lantern, or
the spark from an electrie fixture,

HYDROCYANIN! ACID GAS

Fumigatien with hydrocyanic acid gas is recommended when large
quantitics of peas are infested by weevils in warehouses, seed houses,
Ireight cars, and similar situntions.  For best results the seeds should
he in sacks and so stucked that the gas can reach o large portion of the
outside of ench sack, Uhnder theso cireumstances, fumnigation with
this gas has been found very offective in killing pea weevils.

Hydrocyanic acid gus is extremely poisenous, in fn ct, fatal to human
heings if breathed in concentrated forn. Consequently, it shiould be
used as a fumigant only by skilled, responsible persons who are thor-
oughly informed upon the subjeet of fumigation. The advantages of
this fumigant are that it is noninflammable and nonexplosive when
mixed with air in the proportions used in fumigation, it does not
injure the germination or food value of the seeds. and it does not.
injure wurchouse equipment. Alsa, hydrocyanic acid gns acts more
quickly than any other known fumigant, and for this reason it often
proves effective in warehouses, freight ears, and similar structures that
are not entirely airtight, hecause the gas performs its killiug action
before escaping through cracks or other openings. Under these or
similar circumstances, particular precautions should be observed
against any persons coming into contact with the escaping gas,

For general fumigation work, one-hall pound of liquid hydroeyanic
acid or 1 pound of granular sodium cyanide should be used for
each 1,000 cubie fect of space. For large warehouses or similar build-
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ings well filled with peas the dosage should be incrensed to 20 ounces
of liquid hydrocyanic acid or 2% pounds of crystulline sodium cyanide
(96 to 98 pereent, containing 54 percent hvdrogen cyanide) per 1,000
cubic fest.

CHLOROPICRTN

Chloropicrin has heen utilized to some extent in the fumigation of
peas fested by the pea weevil. [t possesses the ndvantage of being
noninflammable and of costing less than some of the other fumigants,
but the fumigated seed must be thoroughly ventilnted or air washed
belore they can be handled, beenuse traces of ehloropicrin gas nuy be
retained in the fumigated product for several days,  When Tumigzating
with this gns 1 pint (1.7 pounds) of liquid chloropierin should be used
for ench 1,000 cubic feet of space. The trentment should continue
for at least 36 hours, and il is most cffective at or nbove n tempera-
ture of 75° I, 1t is not effeetive at temperatures below 60°,

This fumigant should be applied by sprinkling it upon pieces of
burlap sacking, or by pouring it into shallow evaporating pans. A
gas mask is essential if large quantities of ehloropicrin are to be used.

Although this gas is 0 deadly poison, it has o disagreeable nnd tiri-
tating eflect upon the eyes nnd the respirntory passages, preventing
people from entering buildings or other structures where there are
dangerous concentrations ol ehloropicrin.

ETHYLENE OXIDE-CARBON DIGXIDE MIXTURE

The ethylene oxide-curbon dioxide mixture, n gas composed of 1
part of ethylenc dioxide and 9 parts of earbon dioxide, by weight, is
a noninflammable and nonexplosive gas not highly toxie to humans.
For these reasons it is often used for the fumigation of pens intended
for food purpeses, but it should nobt be used for peas intended for
planting, since this gas ordinarily injures the seed for germinntion.

EFFECTIVENESY OF FUMIGATION

In order to investigate the effectiveness of widely practiced fumigat-
ing methods, a total of 88 samples of fumigated peas was obtained
during 1934 from six dilferent lnrge-seale fumigators in the Willumette
Valiey. Two of these fumigators had used earbon disulphide at the
rate of 25 pounds (approximately 2% gallons) to cach 1,000 cubic feet
of space, and the other four bad used chloropicrin at the rate of
approximately 1% pounds per 1,000 cubice feet of space. The duration
ol exposure had ranged from 24 hours to several daxs.  Records main-
tained at one warchouse indieated that the temperature during the
pertod of fumigntion had ranged from 73° to 85° K. Qnly oue living
specimen of the weevil was found in the samples examined.

CONTROL OF THE WEEVIL IN SHATTERED PEAS

Although the shattering of weevil-infested peas From the vines in
the field constitutes one of the important sources of weevil infesta-
tion for the next year's crop, no method ol preventing this common
occurrence hag heen devised. This problem is complieated by the
fact that the equipment and methods used in large-sezle harvesting




THE PEA WEEVIL IN THE NORTHWEST AND TS CONTROL 35

operations add to the apparently inescapable shatiering ol the peas
caused by weather conditions, particularly by wind, hail, and rain.
Under these civcumstances it appeavs that the destruction of the
shattered peas by field methods, immediately after harvest and before
weevil emergence begins, affords the only practicable solution of the
problent.

BURNING HARVEST DEBRIS

Tinder the conditions existing In the pen-growing distriets of western
Oregon, aceording to Larson (10), the burning of the plant debris and
chafl on the field immediately alter harvest, when condueted properly,
jeills nearly 100 pereent of the weevils in the shattered peas.

The burning can he performed most elficiently where the pen straw
feft on the field 15 heavy enough to maintnin a running fire. In such
fields the burning of the pen straw on the ground will scoreh the peas
sulliciently to il practienlly oll of the weevils contained in these
peas that the fire aetually passes over. Before burning is attempted,
ab feast two plow furrow: sliould be made around the outer edge of the
field to prevent the fire from spreading to othoer fields, A fire permit
should ho oblained, and then, on a hot alternoon as soon alter harvest
ss possible, the field should he burned, duce eare being talken to conduct
& backiire biear othier erops and buildings,

An effective application ol the method of burning is illustrated by
the fellowing procedure adopted by the farmers in thie Barlow, Oreg.,
distriet: Eacl grower obtains a fire permit aud plows o few furrows
around his field.  Then the growers of the neighiborhood cooperate in
burning the fields, A truek is loaded with bareels of water, buckets,
aned burlap sacks and is driven to the edge of one of the ficlds to be
burned. Torches are madoe of tightly relled burlap sacks soaked in
oil or gaseline.  Alter taldng ithe precaution Lo start a buckfire these
Lorches are lighted and dragged at the end of o wire around the edges
ol the field, Usually two men drag the torches, und the other men tn
the group, eacli supplied with awet burlap sack and o buclket of waler,
potrol the field borders and extinguish any inciptent fires outside the
barrier.

During the d-year period 1030-34, approsimately 60,000 Austrian
Winter feld pens containing 12,2010 weevils were collected from 63
burned fields in Oregon. Only 129 of the weevils contained in these
peas, slightly more than L pereent ol the total weevils present,
survived.  Some weevils survive in portions of burned ficlds where
the covering of stimw is too thin to maintain the fire and also in the
field horders which are plowed to prevent the spread of the flames.
16 wenther conditions stve favorable, bowever, and the field is covered
with straw, the weevil survival is negligthle.

Pea-weevil infestations in Qregon hnve been found to be consistently
lower in lecalities where the fields have been hurned than in loenlities
where burning has not been practiced.  Further proof of the efficiency
of burning is shown hy the exatmination of the hibernating pluces,
adjocent to the burned ficlds, that are usually .l'r('ql.l(‘nt.etT by the
weevils.  Very few weevils can be found in the vieinity of fields that
have heen burned, whereas examinafions along e borders of iickls
that have not been burned often reveal wany hibernating aduoles.
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Since pea vines in the extensive pea-growing arcas of the Palouse
section of Idaho and Washington do not produce sufficient straw to
maintain & continuous fire across the harvested fields, the burning
method is of little value in that seclion, Since burning destroys
almest all of the plant material on the surfoce of the soil, it has been
justly condemned as incompatible with soil conser “ation practices
and 1s not recommended if other control measures can be cmployed.

BURYING WEEYIL-INFESTED PEAS BY PLOWING AND DISKING

Korab (7, p. 83) suggested fickl cultivation immedigiely after har-
vest as a method of killing the weevils in shelled peas. He found
that the immature stages of the woevil are killed when buried at 2
depth of 8 em, but that many of the ndults are able to escape.

In order to determine more definitely the percentage of weevils
escaping from buried pens, 14 ounces of woevil-infested peas were
buried in wire-sercen eages at depths of 2, 4, 6, and 8 inches, respec-
tively, at Moscow, I(hl]m, Tate in the sumnier of 1931, These cages
were eylindrieal in shapue, 8 inches in diatmeter, 15 inches long, and
constructed of wire sereen having 16 meshes to the lincar inch. They
were set upright in the soil w ith their lower ends 10 inches below the
ground level and then filled with the soil containing the peas at a
designated level.  The percentages ol weevils emerging from the peas
and escaping to the soil surlface, as compiled from daily records, are
ql:mn-mixvd in table 7. 6 will be noted that lrom u depth of 8 inchies
0.9, 1.2, and 3.6 per t‘ont, respeetively, of the weevils eseaped in the
three serics.  From depth ol 4 inches as many as 13.2 pereent of
the weevils escaped in one series nnd as few ns 2.8 pereent in another.

.- - e rgf'ncr of weenils fromm hunu! ,m'm ! 1.’:;smn' fifaho, 1931

TABLE
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T entiews of werwily pead woere haricd o enel depth in encly serivs, iml thes were nol from the sane
ENTIINISS

?‘:I Lz ntnaher of weeeTls o geee . from the T minees of pess was mssuned (0 be the total emmergence
thit wonld veear from the buried pe provided the teeatzoent was Ineflective; thus the 10-pwreent miner-
gettew I Hese elivek lats.

A similar test was condueted in 1932 to determine the influence
of the stage ol the development ol the weevii at the time ol burial on
its ohility to emerge and escape rom shattered peas.  Lots of 500
mntore infested peas were buried to & depth of 3.5 inches ot intervals
from the time the pess were ripe until emergence of the weevils was
in progress.  Fifty pods were also buried ab the snme depth. A similar
number of shelled peas and pods were placed on top of the ground as o
check,  Very few ol the weevils in the buried peas reached the soil
surface, and, as shown in table 8, there was practically no difference
in the number of weevils that vscnpod on the different dates.
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TaBLE 8.~ Fucrgence of pea weerils fran peas buried B¢ inches deep al weekly
lervaly, Mascow, [daho, 1532

Wooviis pspapod ' i Wervils pxenptd
Late hurted  CFronm lonse [Huual:. Pram peals e Pije boried From lovse penst Frost pods?
IIIur[mI Choeck © Barierl  Cleek CBurlel Choeek [!urIe-‘l {*heck
! .
\mnher Nuner \'um:’:rr \Hm!n‘r . A\lmbfier \unr!-tr \Mruh(r .\'Nmbrr
AUg b ool .. 354 .' ] Lt R ST ] AN, 08
Aup o, t oy ! 1 175 Fepnh . 1 it f 105
Aue 20 ! 1t bt ] I 0 Aept. In 1 [N 0 1272

4800 shelled poas werp imrn'(i nnil 3Tt [wns were .rlm'ml ull tu]nnl‘lln- ﬂrnnml nsan choch o1 cneh
tlnie,

150 epds were buried wind 50 adiditional poads were plieed o isp of Ve Broumit as @ cheek ow eoeh date.
FIELD EXPERIMENTS IN BURYING WEEVIL-INFEXTED PEAS

Sinee cuge experinienis showed suelh favorable resulfs, an experi-
ment was ]Jlunm' | to test the effect of burying weevil-infested peas on
a Inrger senle by the use of farm machinery.  In the simall experiments
it was apparent that the weevils were ‘covered with g more finely
pulverized soil than they would be il buried by a plow or disk.,  Three
plots of ground 6 feet square were staked out on a pea field rom which
the pens had been harvested recently. A total of 15,000 weevil-
infested peas was then spread out on the soil surface of eoach of the
plots. One of these plots was plowed to a depth of about 8 inches—
this is approximntely the average plowing depth—with a caterpillar
tracter and a four-gang plow, the second was disked under, and the
third was lef( as a cheek. In addition, pea vines bearing infested
peas wore plowed umder on 2 plot eonfaining & square feet, and an
adjuneent similar plot lelt as a eheek., A llll“’[‘ eage covered with wire
sereen having 16 meshes to the linear inch was ]}I.lf-('d over ench of the
plots to retain the weevils as they emerged.  The results of this field
experiment, as shown ih tnhle &, agreed very well with the small cage
experiments.

Tanve 8- The infiveare of ,m'mm:y wader el disking an the wnmber of veevils
caterging from waharvested fnfested peas, Moscow, Tdaho, 1932

Treatnent [ufesuind Woepvils vinorgedd

s
Mhmiber o Numher 0 Pereend
Plzesd on Dhe suil sucliee s a eheek . . . P15, 16 = g ).
Piskimd nmder with n dwo-wny disk | .. . [HR L 2,00 1. 32
Mlowed nder withoa fuur SERLAE pluu I )5, 1M 1 o5 265
(RN . Ly [y 2HL02
NI AT . L oo e e e cmeeae &) [ 1,152 J{LINI]

1A plob contdbiing G soiane fmet wons covers] with peg v s whileh wore mu\\:’(l tiuder,
3 erjved from Vhe supposition (hat the vines contabned he sooe nwnler of weevikinfested 1eos ss Liose
in the cheek shown below,
14 plot contpising 6 siguure fesl was covereed with poa eines which were Tolr on dhe surfuey,
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PASTURING WITH LIVESTOCK

In the Willamette Vulley the harvested pen fields are often pastured
with cattle, hogs, or sheep, but detailed lield examinations demon-
strated that the livestoek consumed only a small percentage of the
infested pens. In the Palouse scection of Iduho and Washington
large flocks of sheep are sometimes turned into the fields. This has
some value there as a pea-weevil control measure, as is illustrated
by the fact that field examinations made before and after pasturing
1,500 sheep on n 25-ucre Geld of Alaska peas near Moscow, indieated
that the sheep consumed 54 pereent of the peas in 1 day.  In both
areas, however, it 1s the commeon practiee to pasture the fields lnte
in the fall after the mnjority of the weevils have eseaped from the pess.

DESTROYING SHATTERED PEAS AND VINES

At the viners there occurs a loss of peas in which weevils muy
develop,  Consequently, all vines and peas left in the vicinity of the
viners should be utilized by being fed 1o fivestock or otherwise dis-
posed of so that the weevils will not be allowed ie develop. They
may be used for silage, or plowed under cleanly and deeply, or placed
in a pile and kept so moist that they wilt soon decompose.

Ifthe erap is grown for the green-pen nurket or for home consump-
tion, the vines should be destroyed as soon as possible after the
lust picking of the pods. Frequently the vines are left standing in
the field, alter the elose of the harvest period, with sufiicient peas
on them to harbor lurge numbers of weevils,  The method of dis.

posing of such peas depends vpon loeal conditious, but they should
nob be permitted fo stand long enough o allow the emergence of a
erop of weevils.  [n general, such peas should be utilized or destroyed
by the methods indicated in the preceding parangraph,

PREVENTIVE PRACTICES
PREATMENT OF IMPORTED DRIED £EAS

All dried peas shipped into o canning area should be fumignted or
processedd at the point of origin to kill or remove any contained
woeovils.  If this bas not been done, and living weevils are found in
dry peas imported Info a eannbig ares, such peas should he fumigated
before being distributed or planted,

EFFFECE OF CROWING CANSEREY PEAS AND SEED IN THE SAME DISTRICT

Cannery pess ure more likely to be infested i they s grownina
seed-producing distriet where the weevil is destructive,  Similarly,
the growing of peas for seed in a pea-canning distriel may inerease
infestations in the cannery stock,  To avoid heavy losses ondy one
branch of the pes industry shouid be carried on in any one district.

INSECTICIDES
LABORATORY AND PLOT TESTS

Four series of tests to delermine the effectiveness of stomach
poisens in controlling the pea weevil were earried out af Moscow
during the summer of 1934; the lirst, Lo compare the effectivencss
of culeium arsennte, bartum flucsiticete, zine arsenite, sodium fiuo-
aluminale, lead arsennte, and lime; the seeond, to test the effective-
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ness of several applications of culeiur arsenate; the third, to deter-
mine the influence of various dosages of caleium arsenate; and the
fourth, to test the eflectiveness of two different brands of culeium
srsenate, onc of which contained on adhesive agent.

The plots in this experiment were replicated four times (four plots
per treatment) and distribuied by c¢hanee according to the random
block method. Each of the plots was one-fortieth of an acrein extent
and measured 86 feed in length and 16% feet in width,  All the plots
were planted along the edge of the field in such a manuer as to expose
cach of them to the heavy weevil infestation that occurs usuadly in
this part of & pea field. Regular fiekl practices were fallowed in seed-
ing the plots except that the peas were planted eaclier than the normal
date for commercinl plantings, in order 1o atiract large numbers of
weevils to these peas for oviposilion before any ather peus in the sime
locality started to blossom. A 22-foot border of peas was plinted
between the plots and a laie main-crop phinting of veas in order to
prevent heavy infestation of this crop through the migration of the
weevils attracted to the early planted inseeticide plots.

The plots were dusted with hand dusters.  Five trips, lvaversing
the length of the plots, usuully sulliced te cover the plants with the
destred quantity of the inseeticide.  The dust guns were weighed
before and after ench application. 10 more than the desired quantity
of insecticide had been applied, it was recorded but if Iess than that
quantity had been applied, an additional trip was made through the
pioi. Continued use of the dusters ennbled the operators to becotme
proficient in applying approximately the coreeet quantity of dust.

Phe insecticides uses! in these tests, the rates of applieation, and the
results nre showt in table 10, The commercial brand ol ealehim ar-
sepate designated as “brand A7 contained 70 pereent ol active in-
gredients and 30 percent of inert matter.  This material wus applicd
at the mtes of 40, 20, 15, nud 5 pounds per acre.  In order to obtain
anh even distribution at rates of &05—:5 than 20 pounds per acre, it was
necessary to dilute the material with hydrated lime. Caleium arse-
nate, brund B3, enntained 50 percent active ingredients, with dehydrated,
powdered molnsses ns an adhesive.  The barium (luosilicste contained
80 percent netive ingredients,

TanLE 10— feesults of Tnsecticide tests, arrenged according to their effectivencss
] I
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Tlie method used in determining the offectiveness of the insecti-
cides applied to the plots consisted of harvesting all the peas on a
strip 3 feet wide and 12 feet long fror: the center of each plot. One
thousand peas were taken at random from the quantity thus obtained
and examined by the salt flotation method to determine the percentage
of the peas containing weevils.

Sedium {lucaluminate, which gave the best control of all of the
insecticides tested, reduced the infestation for the four plots treated
with this material to 6.1 percent, on an average, as compared to an
average infestation of 32.9 percent for the undusted check plots.
None of the insecticides included in these tests, however, gave resulis
that justified the cost of application.

AIRPLANE DUSTING EXPERIMEN1TS

In the spring of 1934 several fields of Austrian Winter field peas
in Oregon were dusted by airplane with undiluted caleium arsenate in
nn cffort to control the pea weevil, The dust was applied early in
the morning at & dosage ranging from 15 to 22 pounds per acre. The
results, ns measured by the collection of adults with an insect net be-
fore and after dusting, indicatnd that the dusting enused & marked
reduetion in the popuﬁz tion of adult weevils, amounting to as much as
R0 percent in certain of the fields. Directly significant comparisons,
however, could not be made later in the season between the percent-
nge of the seeds infosted in the dusted and undusted fields, since a
normal variation existed in the time of planting, seasonal develop-
ment of the crop, density of stand, and other important influences
whicl also affected the abundance of the weevil in cach of the fields
undger observation.

That the airplane dusting with caleium arsenate had a slightly
beneficinl effect was indieated from the records of the warehouse where
practically all peas grown near Barlow, Canby, and Aurora, Oreg.,
were cleaned and fumigated. OF the first 36 lots handled by this
warchouse 27 lots were from ficlds that had heen dusted.  The peas
fram only | of theso 27 fields lailed to pass the required germination
of 80 pereent.  Of the nine lots from fields which had not heen dusted,
six failed to pass the 90-poercent germinasion test,

The difference in germination and weight of peas from dusted and
undusted fields, handled at this warehouse, is shown in the following
Summary:

Hereent

Average gorspionbion of peas from 33 felds dusted. ., ... ___...__ 4l 64
Average germination of peas from 22 ficlds nob dusted ... ... .__... . 87.80
T L e e e 3. 75

~ Porruds

Avernge weight per bushel of peas from 28 fields dusted. . . ... .. _ (5. 82
Average weight per bushel of pens from 20 fields not dusted ... L. .. . ) 08
Diforence (.. ... e e e e e .88

All germination tests were made by the United States Depurtment
of Agriculture sced testing lnboratory at Corvallis, Oreg,
CULTURAL CONTROL
TIME OF PLANTING

[ixtensive field ohservations in Tdaho have indicated that the time
of planting has an important effect upon the degree of weevil damage
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suffered by peas. Usually the percentage of pens infested by the
weevil has been greater in early-planted peas than in the later plant-
ings. In order to determine more definitely the influence of the time
of planting upon subsequent pea weevil infestation, under directly
comparable conditions, a series of plantings were made ot Moscow
in 1833 and 1934 on progressive dates from early to ke in the season.

In 1033 these plantings were mude ab weekly intervals for 11
consecutive weeks, oxtending from April 6 to June 15, Bach plant-
ing consisted of a single plot of five rows 60 feet long and 3 feet upart,
The highest infestation, 59.6 percent, occurred on the eighth planting,
which was seeded on Muy 25, The frst planting had an infestation
of 14.4 percent and ranked next to the lowest in the percentage of
weevil-infested peas.  The first planting also produced the maximum
number of peas on 25 vines. The woevil-infestation data were com-
puted from a sample picked ot random through the plantings, “Ihe
vield date were obtained from 25 vines picked at random. In order
to eliminate the error caused by the difference in weight between
weevil-infested and sound peas, the yicld was based upon the total
number of peas produced on 25 vines taken ut random {from ench
plot.

In 1934, 13 plantings of peas were made nt intervals during the
period extending from February 19 to July 2. Each planting was
replicated four times (four plots per treatment), and the plots were
distributed by chance according to the random-block method. The
individual plots consisted of five rows of pens 58 feet long, planted
2 {cet apart. KEach planting was made on the date when the pre-
ceding planting started to come up, or as soon after that dute as
possible.

As shown in table 11, there wns & generally progressive decrense,
from the early to the lnter plantings, in the percentage of peas infested
by the pen weevil, The decrease in infestation was accompanied by
a corresponding decrease in the yield and quality of the seed pro-
duced, indieating that the intensity of weevil infestation in pens
grown under comparable conditions, except time of planting, is
intimately associated with the vigor of the plants as veflected by
yields, The doata regarding infestation and yield, in this series of
experiments, are based upon un examination of the total peas pro-
duced on 100 vines taken at random from each plot.

Tanne 1.—Felotion of the time of planiing peuas to the degree of pen weewdl dom e
Moscow, fdaho, 153
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TIME OF HARVESTING

Farly harvesting is an important factor in the control of the pea
weevil. This practice allows the early fumigation of the peas, and an
early fumigntion not only prevents the escape of any weevils from the
harvested crop but destroys many small weevil larvae before they are
able to affect adverscly the germination and weight of the peas,
Moreover, many of the weevils are killed during the process of harvest-
ing. In 1934 an examination of 61 different samples of Austrian
Winter field Epens prior to fumigation revealed that approximately
48 percent of the weevil larvae thevein had been killed in passing
through the harvesting machinery. HEnily harvesting usually results
in less loss of peas on the ficld {rom shattering than does later harvest-
ing. It also allows time to burn or plow the field before the weevils
begin to emerge from the shatbored peas. As discussed in preceding
Fm-aga.phs, the weevils contained in peas left on the field from enrly
wrvesting are more likely to be killed by the heut of the sun than
peas shattered from the vines during later hmvesting, because they
will be exposed over a longer period of time.

BORDER TRAP CHOPS

As has been stated, the edges of @ field are usually more heavily
infested by the pen weevil than the remainder of the field, and the in-
festation usuully deereases from the edge to the center. This fact
suggested the desirability of & border trap crop to aid in the control
of the weevil.

To determine more definitely the possible cffectiveness of this
method, o series of field borders 10 feet in width were planted early
in the spring of 1932 along the edges of several fields in a distriet
badly infested by the pea weevil. They were sceded nearly 3 weeks
before the main crop was planted and began blossoming from 10
to 14 days earlier than the main crop. As soon as the peas in the
borders blossomed they attracted large numbers of the weevils.

To illustrate the high concentration of weevils that sometimes
oceurred on the field bovders it may be stated that in one Instance
1,415 weevils wore collected in 100 sweeps of a collecting net in the
ficld border before the main field blossomed, wherens only 8§ weevils
were collected in the same number of sweeps in thie main feld immedi-
ately adjacent.

The weevils remained in the borders, feeding on the blooms and
depositing eges on the newly formed pods, until the peas in the muin
fietd began to blcom. Then they moved into the main field., At this
time the peas in the borders had passed the full blossoming stage.
The movement of adult weevils in relation to border trap crops in
two of the fields under observation is shown graphically in figure 23.

It was hoped that the weevils would exhaust their egg-laying
capacities on the border plantings, but later examination of the mabure
pens revealed that the main fields were heavily infested.

In general, these preliminary observations demonstrated that the
early planted field borders would concentrate and retain the weevils
until the main fields began o blossom, bus that such borders are a
serious menace to the main crop of pens unless methods are devised
for destroying the weevils before they move into the main field.

These tests were repeated in 1933 with the same general results as
in 1932, except that fewer weevils were present.
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BURNING TBORDER TiAP 200
CrROPB

Since it seemed pos-
sible that the border
trap plantings, to-
gother with theweevils
concentrated thercon,
could be quickly and
effectively destroyed
by burning, the coop-
eration of the agricul-
turnal engineers was
obtained in 1934 in
the construction of &
burner designed to ac-
complish this purpose.
0. K. Hedden of the
Bureau of Agricuitural
Engincering of the
United States ?Jo-pm‘t-
ment of Agriculture,
cooperating with the
Department of Agri-
cultural KEngincering
of the University of
Idaho, designed and
constructed theburner
and the burnermount-
ing. The burner wus
suspended by spring
tension froin the motor
supports and pushed
ahead of acrawler-type
tractor. ‘The fuel was
passed through gencr-
ating tubes under
pressure and issued
from burner jefs as o
flaming gas.

The field borders
were planfed in the
same manner as in
preceding years except
thab they were 22 feet
wide. Favorable
weiather conditions ai-
lowed the planting of
thesehordersonMarch 0
20, 1934, more than a eI :551 ST
month enslier than it e

had been possible to - o Cof ot ] z et
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1933. The main portion of the experimental field was sown on two
different dutes so that there were, in reality, two experimental fields
within the border. The border planting bloomed 18 days before the
first planting on the main field and 33 duys before the seeond planting.

Immediately prior to burning, 46.8 weevils, on #n avernge, were
collected in 100 sweeps of o net i the part of the main ficld first planted,
while in the adjacent horder an avernge of 737 weevils was collected
in the same number of sweeps, and in one place & maximum of 1,365
were taken in 100 sweeps.  The weevil population in the main field
prior to burning was rather lirge beeause the sparse stand of peas in
the border did not produce o sufficient number of blooms to harbor

oo
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all of the weevils present.  Also, o few volunteer or uberrant types of
peas were blouming in the main field and probably attracted some of
the weevils to them,

In general, the butning operation was not effective in killing the
weevils,  The borders were burned at night, since the weevils were
nactive and hidden in the blossoms of the pea plants at that time.
Many living weevils were caught in eages placed over the pen vines
immediately after the burner had passed and living weevils were caught
by the operators of the tractor.  On the night of the burning 16 living
weevils were also collected from the blooms over which the flanes had
passed.  One hundred weevils found on the soil surfuce were examined
with the sid of a {lashlight to determine the mortality resulting from
the burning operation.  Thirty-four ol these Mlew wway unharmed.
A totlnl of 362 weevils were then collected from the soil sutfuce to
determine the number that would recover.  Of this number 115 wee-
vils, or 20.5 percent, recovered sufficiently to fly away. These figures,
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in conjunction with the information obtained in sweeping the different
seciions of the field before and after burning (shown in fig. 24, secs.
A and B, and in table 12), indicate that many of the weevils survived
the burning.
The average number of weevils collected per 100 sweeps in the
inside of the field, ydjacent to the border of the part of the field first
ianted, increased from 46.8 before burning to 113.3 after burning.
Ji‘ his increase can be attributed to the migration of the weevils that
escaped the burning process. However, there is also the possibility
that some of the weevils which were nof, attracted to vhe border might
have moved into the ficld from ouiside sources. The first planted
field was heavily infested.  In the second planting the weevil infesta-
tion was less, as shown in table 12, even though the number of weevils
in the border of this seetion had been much grester than in the border
of the section plonted first.

Tanue 12.~Weenil infestaiion in the ripe peas after the burning or plowing of the
border trap ceop, Moseow, [dale, 103
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Althongh the burner equipment used during 1934 failed to give the
desired control, certain minor changes in the burner construction and
in the experimentusl procedure may render this method of destroying
the border trap erop much more cilicient.

FLOWING UNDEL HORDENX TRAIN CROIS

The results nbtained in destroving the weevils in the border by
plowing were more favorable than those obtained. by bumning, as
shown in section ' of figure 24, and table 12, Approximately 1,300
feet of the border of a small, isoleied sectien adjacent to the field on
which the burner was tested was plowed under during the early morn-
ing before the weevils beenme nctive.  An ordinary five-gang plow
set to plow at a depth of from 8 to 9 irtches wus used.  After the

lowing operation the ground was yolled three times with o cultipacker,
I(::)ﬂ.ge collections made 1n three cuges covering 36 squnre feet of surfice,
erected on the soil surface of the border, resulted in the capture of
439 adults in the border before plowing and only 8 afterwards, an
apparent reduction of approximately 98 percont. The sweeping
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records shown in section Vol fivure 24 and the infestation records in
table 12 indieate favorable resulis with plowine.

SUMMARY

The pea weevil {Bruchus pisorum ey is n serious pest in most of
the pea-growing territory of the Pacific Northwest.

This inscct hibernates successfully in practicnlly every situation
affording some degree of protection from the elements. At Moscow,
Idaho, it 15 able to spevive under the trash remaining on the surfzee
of pen fields,

The weevils emerge from hibernation when the sir temperatures in
the spring oxceed approximately 70° . Thev are attracted to the
pea fields when the peas begin to bloon.

The ingestion of pollen is necossary for the production of the eggs
by the female weevil,  Egy laving begins in from 4 to 14 days after
feeding. A muximum of 749 egus was recorded from « single female,
doposited during a period of 113 days,

A study of pea weevil oviposition in the field revealed that this
insech is able to Iny eges throughout the entire period in which pens
enn be wrown, nlthough the mie of exg deposilion decrenses late in
the summer.  No eggs were laid when the air temperature was helow
$5° . Individual plantings of peas were suitable for cge Juying
durtng a period Tanging from § to 30 days, depending on the time the
peas wero planted.

At Moseow, Tdaho, the thne required for the cous 1o el ranged
from 6 to 14 days, averaging 9 davs, At Corvallis, Oreg,, this period
ranged from § to 23 days, averaging 10 days,

The avernge duration of the lurval siage ad Moscow minged {rom
32 to 43 davs in the different series of peas exmnined, with g maxi-
mum of 36 dayvs in any series and & minhmom of 25, At Corvallis,
in 1833, the duration of the larval siage manged From 27 1o 48 daas,
sveraging bebween 37 and 38,

The pupal stage ranged from 8 to 27 dayvs st Moscow, averaging 15
days in 1932 and 11.5 days in 1933, At Corvallis, in 1033, the pupal
stage ranged from 8 to 12 days, averaging 10 duyvs.

A summary of the data on 548 individuals revesled that st Moescow
the insect developed from egir {o adudb in an average of 66 days in
1932, In 1933 the average length of this developmental peried for
231 individuals was 55 days.  The maximum period required for total
development was 82 days nnd the minimum period 45, Records for
148 individuals at Corvallis in 1933 showed the average time required
for development from egg to aduls to be 57 days, while the maximum
wis 71 days and the minimum was 46.

The develoepment of o partinl sccond generntion was indiented by
a sudden therease in the abundance of caus Taid kate in the summer
and by the fact that weevils that developed during the summer laid
fertile ezgs in the laboratory the same season.

Iufested peas that are shutlered in the fiekd prior o or during har-
vest, volunteer pens, stored pea hay containing peas, nud seed peas
constitute the principsl sowrces from which the weevils that Infest
the next season’s crop are reeruited.  OF these sources, the shattered
peas in the field is the most important.  As vasch as half of the poten-
tial vield of peas may be lost on the field from shutteriog, principally
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as the result of eareless harvesting methods, Weevils emerge reacily
fraom weevil-infested peas planted by customary methods.

Two chuleid parosites, Microedonfomerus anthonomi and Fupteroma-
{us leguminig, were found atéacking the pes weevid,  Poarasites and
predators appesr to be of little impoartanee in the natiral control of
this pest.

Fumigation with earbon disulphide, hydroevanie aseid gas, or ¢hlo-
ropicrin is used to kill the weevils in harvested peas.

Burning harvest debris on the suifuce of the ficld has proved to
he an effective method of killing the weevils in shattered pess where
there is suflicient steaw and other plant materiod retnaining on the
field to maintain n fire.  However, sinee burning iz contrary to goad
soll conservation practices, it is nol recommended except as a lasb
resort.

Coge experiments and field tests showed that from 0.9 to 3.6 per-
cent of the weevils in infested peas were able to reach the soil surface
when buried to o depth of $inches, in a manner simulating the methods
ordinarily employed in plowing.

Pasturing horvested pen fields with livestock proved to be an unsatis-
faetory method of controlling the weevil in shattered peas.  Usually
the animals consumed only o small pereentage of the peas.

Laboratory and field tests with inseeticides applied as dusts have
given little promise thus far of theiruse g5 n control measure, nlthough
research on this phase is being continued,  Alrplane dusting with
ealeinm nrsennte ave incomplete control,

Barly and clean harvesting und early und complete Mumigation of
the eutire crop harvested are imporiant measures 0 reducing the
legree ol weevil dainage,

A study ol plantings made ot dilferent times ut Moseow in 1933
showed ihat all plantings were heavily tnfested, with the greatest
damage recorded on the eighth planting.  Results in 1934 showed a
decline in the degree of damuge alter the second or third planting.
The decreuse in weevil damage was accampanied by a corresponding
decrease in yield.

The planting of (rap crops of carly peas around the ficld borders
seems Lo olfer possibilities for weevil eomtrol.  The weevils concen-
{rate in large numbers on these peas when they blossom aad remain
untik the flowers develop on the main crop of peas in the remainder
of the field,  For this method to be elfective, the weevils in the border
planting must be killed before the peas in the wmain field bloom,
Attempts have been minde to destroy such weevils by buening aud
by plowing. Thus far, clean plowing, followed tmmediately by the
packing of the plowed soil surface, hus proved to be the most elfective
method for destroving the weevils in the field-border trap crop.
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