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6 5 i INTRODUCTION.

Wherever it oceurs the Mexican bean beetle is by far the most
serious enemy of beans. It has been known for about 75 years
in the Southwest, where it has undoubtedly been established for a
‘longer period. It was long ago reported that in Colorado its possi-
bilities as a pest were greater than those of the Colorado potato
beetle. In many sectionsin the Southeast it is often the determining
factor in the growing of beans.

The original home of this beetle is southern North America. It
oceurs in many parts 0f Mexico and in Guatemala.

The species was first discovered in the Southeast in 1920, when
specimens were received at the Alabama IExperiment Station from
Blocton and Birmingham, Ala. Authentic reports by various

rowers indicate that the insect was not at all uncommon about
irmingham in 1919, and it is presumed that it reached Alabama at
least as early as 1918.
It has been pointed out by Dr. W. E. Hinds that during the recent
Kuropean war large shipments of alfalfa hay from the West were
received in northern Alabama, and it is possible that the insect
was introduced with these shipments, the infestation originating
from the Southwest rather than from Mexico. In 1921 the insect
was reported from Thomasville, Ga., by S. E. McClendon, the infes-
tation indicating the presence of the beetle there for at least one
year before that time.

! Epilachna corrupta Muls.; order Coleoptera, family Coccinellidae. .
2 Report on research investigations on the Mexican bean beetle condueted during the years 1951 and 1922,
During 1921 the project was carried on cooperatively with the Alabama Experiment Station.
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By the fall of 1920 the bean crop about Birmingham and Blocton
Ala., was destroyed by the bean beetle. In 1921 the infestation was
extremely severe, and most of the early bean crop was destroyed.

Fi1c. 1.—Bush snap beans destroyed by the Mexican bean beetle at Birmingham, Ala, Velvet
beans adjacent were not attacked.
By August 1 there was hardly a bean field in bearing near Birming-
ham. (PL I, A, B.)) Reports of severe damage came also from
other points in northern Alabama.

F1G. 2.—Destruction of pole lima beans by the Mexican bean beetle at Birmingham, Ala.

In 1921 the price of snap beans and Lima beans rose to unusual
levels on the Birmingham markets, owing to the practical destruction
by this insect of bean plantings in the district. At Chattanooga,
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Tenn., where the insect was not known to occur-until 1921, the same
situation occurred in 1922, one year after the insect reached that
region. (Figs. 1, 2.) By the fall of 1922 practically no beans
were growing about Chattanooga. Serious damage also occurred
about Atlanta and other points in northern Georgia, and in many
sections of eastern Tennessee.

DESCRIPTION.

The Mexican bean beetle is a robust, hard-shelled insect of hemi-
spherical form bearing eight black spots on each elytron or wing
cover. (Fig. 3; PL TI, A.) Typical adults measure about one-
fourth to five-sixteenths inch in length and one-fifth to one-fourth

P,

F1i. 3.—Adults of the Mexican bean beetle, showing variations in size and marking.

inch in width, and when fully mature are copper-colored. Newly
emerged specimens are licht lemon yellow. Males are distinguished
from females by a notch in the posterior abdominal segment, this
notch being absent in the females. Males average slightly smaller,
but many are as large as females. _

The eggs are small, about one-twentieth of an inch long, orange-
colored, and are laid in masses of from 40 to 60 on the under sides
of the bean leaves.

The larvee, on hatching from the eggs, are orange-colored, and
are covered with long branched spines. (Fig. 4; P%. I, 4.) The

ow rapidly and become about one-third inch long and half as wide

efore pupation takes place. (Pl II, B.)

The pupa is almost the size of the beetle, is yellow, and is attached
to the leaf or object on which it pupates by the last larval skin,
which is white and spiny and covers the posterior abdominal seg-
ments. (Pl III, A4, E.)
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The Mexican bean beetle belongs to the family Coccinellide, or lady-
birds, and all the known species in this country are beneficial except
the insect under discussion and the squash lady-beetle (Fpilachna
borealis Fab.). The Mexican bean beetle has never been known to
eat other insects, and it resembles more closely in many ways the
family of leaf-eating beetles, or Chrysomelida. than the Coccinellidz.

DISTRIBUTION.?

The r:-:,Eid spread of the Mexican bean beetle since its introduction
into the Southeast has been remarkable. In 1920, late in the sum-
mer, Dr. W. E. Hinds and coworkers found 13 counties infested in
northern Alabama. In 1921 a
rapid spread in all directions
took place, especially to the
northeast. By fall the insect
was found in portions of six
States, over an area of approxi-
mately 40,000 square miles, as
compared with 4,500 square
miles infested the previous year.
The distribution in 1922 in the
Southeast, so far as known,
covered at least 70,000 square
miles in seven States. (See
map, fig. 5.)

An isolated infestation was
reported in 1921 at Thomas-
ville, Ga., near the Florida line.
; ; : — This infestation covered 14
B T S e e & \mguare miles. No appreciable

spread in this locality occurred
during 1922, only 3 additional square miles being infested.

The spread in general has been decidedly to the north. In the
fall of 1920 the most northern locality found to be infested was
Dekalb County, Ala. One year later the infestation had reached
Whitley and McCreary Counties, Ky., Hawkins County, Tenn., and
Greenville County, S. C., all of which points are more than 200 miles
from Dekalb County, Ala. In 1922 this rapid spread continued, and
the insect traversed an area 110 miles across to the northwest at its
widest point, viz, from Whitley and McCreary Counties to Bullitt
County, Ky. No records are available and no scouting was done in
eastern Kentucky. It is certain, however, that the insect is present
at least over the territory southeast of Madison, Jackson and Clay
Counties. Fayette County, Ky., and Lee and Scott Counties, Va.,
were scouted by the Bureau of Entomology and found to be infested.

3 Sinee this paper was prepared new records of s;l:read have been received, chiefly through the coopera-
tion of entomologists in the States concerned. The beetle is now present in the following localities in
addition to those mentioned above: Ross, Gallia, Jackson, Adams, Highland, Pike, Scioto, and Frank-
lin Counties, Ohio; Ashe, Avery, Burke, Cleveland, Gaston, Lincoln, MeDowell, I—‘olk, Rutherford, Watauga,
Buncombe, Madison, and Yancey Counties, N. C.; Abbeville, Cherokee, and Spartanburg Counties
S. C.; Lamar County, Ga.; Washington and Unicoi Counties, Tenn.; Lee C’oupty, Ala.; Tishomingo and
Itawamba Counties, Miss.; Speneer, Meade, Letcher, Laurel, Bell, Clay, Estill, Harlan, Leslie, Ousley,
and Perry Counties, Ky.; and Russell and Wise Counties, Va.
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NATURAL SPREAD.

The Mexican bean beetle is capable of long flights, In the western
part of the United States it must necessarily fiy long distances to
_suitable hibernation quarters. In its newer habitat in the Southeast
it migrates throughout the season, but especially in spring and fall.
Experiments with marked beetles show that a flight of 5 miles is
possible within two days and flights up to 3% miles are common.
Records of the spread i the Southeast indicate that much greater
distances than these are traversed with ease.

Many other natural factors, of course, may contribute to the re-
markable spread of the beetle, among them being air currents and
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Fi. 5.—Map showing known distribution and spread of the Mexican bean beetle in the Southeast to
December, 1922. The map was prepared from records obtained through the cooperation of State ento-
mologists and others in the States concerned and chiefly from scouting done by the Bureau of Ento-

mology under the direction of J. E. Grafl and the senior author.

flood waters. It is believed, however, that the spread northward is
attributable to the fact that the Mexican bean beetle is & northern
Transition or sub-Boreal form, or at least is searching for conditions
similar to those found in the higher altitudes of the Southwest and
the Mexican plateau. No appreciable spread to the south in Ala-
bama or south from Thomasville, Ga., nor any spread west into
Mississippi, occurred during 1922. The damage to the bean crop in
many instances has been extremely severe the second year after the
insect has reached a new district of approximately the same latitude
as Birmingham, Ala., or farther I]Ol‘ijl. No reports of persistent,
severe injury have come from southern points. Great damage oc-
curred at Chattanooga, Tenn., and Atlanta, Ga., in 1922, one year
after the beetle was known to have reached these places.
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LIFE HISTORY AND HABITS.

The adult (P1. IV, A) begins to feed immediately on arrival in the
bean field from winter quarters. Females may begin to lay eggs 8
days after emergence from hibernation and possibly sooner, but the
majority feed for a longer period, the average time ‘being}‘ 14 days for
6 females in 1922. The adult feeds on the under surface, usually
puncturing the leaf and leaving ragged holes, some very small,
others one-fourth inch across. Only a very small percentage of
feeding takes place on the upper surface.

Mating oceurs in most cases in the fall, but also in the spring.
The abdomen of the gravid female gradually becomes distended, and
is noticeably enlarged 24 hours before oviposition. Females are
then easily distinguished from males. An individual female has
deposited as many as 1,669 eggs during a season. Kggs are usually
laid in groups of from 40 to 60, averaging 51 for females observed by
the writers in 1921 and 1922. Iggs (PL 1V, B) are almost invariably

laced on the under surface of the leaves in rather compact groups.
n midseason a female will deposit a group of eggs quite regularly
every two or three days until death.

The egg-laying records of a few representative females chosen from
69 complete experiments in 1921 and 1922 are given in Table 1.
Included also is the time between emergence and the first egg laying.
The beetles of the fourth generation did not lay eggs. The recor
of mating are the observations made while attending to the experi-
ments and are not complete. Each experiment included a male and
female, except in the cases noted.

TasLe 1—Egg deposilion records of a few representalive females of the Mexican
bean beetle 1n cages, Birmingham, Ala., 1921 and 1922.
1921.
OVERWINTERED FEMALES.

No. LH-9: Female collected in field March 26; more than 10 days between emergence and first eggs.

Eggs. Eggs. Eggs.
G 0 Aeen—— - R g | R ———— iwi,\fay L R e
e I e ) 72 15.. ab 1 B D 53

. 74 [T B o, R e e 52

Zlueuesnaresrenenaees 18 53 S T 31

26.. 68 G4

Y 72 54 Total .. 1,005
May 8. onreiitein daniadag 63

No. LH4-2: Female ! dormant from hibernation cage March 24; 42 days between removal and first eggs.

Eggs, Eggs.

May 24 cicvinersnainsnmion BT | Fme B iiciiivinresens 54

2. ... it ! PR PR T a7
2...... . 58

P T T e MR B R a5 Polal. oviviininieee  BI2

FIRST GENERATION FEMALES.
No. LH-4G: Female emergad May 20; 11 days between emergence and first eggs.

Egz Eggs.

MRy SE .o sitnainiteias %IST 1) i1 15 R S E NSO 54
June 4. — 41 22 enirrnes 5
j TP S bk 26. 53
] 52 282, ... 36
1: a4 30. i
1 i 55 | Sty Biananmeamas o
I7% ShEe 5 ceanes
19.. o a5 e e S o

1 This female had no opportunity to mate in 1921. Al groups deposited were normally fertile.
? Mating observed this date. Females paired when emerged except in ease of LH-Y and LH4-2, 1921,
which were isolated.
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TaBLe 1.—Egg deposition records of a few representative females of the Mexican
bean beetle tn cages, Birmingham, Ala., 1921 and 1922—Continued.

1921—Continued.
FIRST GENERATION FEMALES—Continued.
No. LH-2G: Female emerged May 19; 16 days between emergence and first eggs.

Eggs. Eggs. Eggs.

June 4....... 3 i gg:% Junal¥..oiiiiaiiieisiai gg;‘ Fome BT s bocaliiiviiaidiie ggssg
55 19. 55 5

53 54 56

56 58 58

6 53 = N

B 47 | 879

SECOND GENERATION FEMALES.

No. LH-1G?2: Female emerged July 5; 6 days between emergence and first eggs.

Eggs. Eggs.
Ul IS L gg4 Inly22i_._.............,-...?jg.
56 9

Eggs.

THIRD GENERATION FEMALES.
No. LH-2G3: Female emerged August 8; 6 days between emergence and first eggs.

Aug, 3l
Bept. lec.ice...s

1922.
OVERWINTERED FEMALES.
No. LH-8 % Female emerged from hibernation cage April 4; 10 days between emergence and first eggs.

Eggs. Eggs. Eggs.
32 | APF. B ocnivensrvrmananin 20| MY Zoceecnssiiesmensnas ggaso
% é?i G| el 29
20| May BLLIINIENITNE @ Total.ciceeuacnnaai: 241

! Mating observed this date. Females paired when emerged except in case of LH-9 and LH4-2, 1921,
which were isolated.
3 Pair from third ganemtmn 1921.
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TaBLE 1.—FEgg deposition records of a few representative females of the Mexican
bean beetle in cages, Birmingham, Ala., 1921 and 1922—Continued.

1922—Continued.
OVERWINTERED FEMALES—Continued.
No. LH-16: Female emerged from hibernation eage April 5; 20 days hetween emergence and first eggs,

Apr.
May

June

July

June
July

July
Aug.

Aug.
2

Sept.

Sept. 15.
1

¢ Mating observed this date.

25

o BT
fi

May Bl...uccucscanncnnnnan

June 3......

Eggs.
71
30
a0
a7

June 17. e ciiinnaacnas 36
19

.................... 58

Potal. . oucvsmponnss 821

No. LH-5G: Female emerged June 5; 14 days between emergence and first eggs.

7

No. LH-3G?2: Female

which were isolated.

Eggs.
i)

Eggs.

Eggs,
July 18........c e gg;i
Totalacesemia: veae 345

SECOND GENERATION FEMALES.

anerged July 19; 10 days belween emergence and first eggs.

Ang. 18,
20.
22,
24.
26.

29.
sSept. 1.

THIRD GENERATION FEMALES.

Female emerged August 26; 14 days between emergence and first eggs.

Eggs.

62
60

il

Eggs.

62

Oct. Joeenann.

30 9. i3
61 .. 60
65 | Nov, 2........ 53

Oct. 9.
24

Eggs.
1:0 {1 28 %37
POLAL: < corsscommmsms 524

Females paired when emerged except in case of LH-9 and LH4-2, 1921,

The average number of eggs laid by all the females for which
records are complete for the two seasons is shown in Table 2.
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TasLe 2.—Eggs laid by 69 females of the Mexican bean beetle for which records
are complete, 1921 and 1922.

I 1921 [ 1922

Generation. = Average | 4 Average

}u.g‘tfher number I\u‘rlnher number
. (ofeggs per) : ofegas per

| ferales. female. females. female.
Overwintered generation........ i | 10 07 15 252
First generation. ................ e | 4 708 11 286
Second generation.. .. - 5 1,272 8 479
Third generation: . ...kt i et e s 12 413 4 422
Average for 69 fernales (fWo SEA501I8). v v v cemnreac ittt rir e a e s 459

Some females laid no eggs and others only one or two groups, but
these are included in the .%J(JT-’G averages. The average for all females
as given is probably low, for in nature some of the overwintered
females may have deposited eggs the preceding fall, and some of the
third and fourth generation females, and a very small number of the
second generation, might have deposited eggs the ensuing spring.

Of 15,804 eggs laid in cage tests in 1921, 46.7 per cent hatched.
Of 7,024 eggs deposited in 1922, 52.5 per cent hatched. The lower

ercentage in 1921 was due in part to the very low percentage of eggs
atching which were laid during the high temperature of August.

The Mexican bean beetle is polygamous. A single fertilization of
the female is sufficient for the production of as many as 10 groups of
fertile eggs, even though five months or more passed in hibernation
intervene between mating and the first egg deposition in the
spring. (See Table 1.) Gravid females may thus enter hibernation
and without further intervention of the male deposit fertile eggs in
the spring. The beetles always feed on foliage in the spring before
oviposition.

he young larve hatch from the eggs after from 5 to 14 days,
depending upon temperature conditions, the average incubation
period at Birmingham, Ala., during June, July, and August being
6 days. Hatching of all eggs in a group usually occurs within 24
hours. The newly hatched larvee leave the eggshells and cling to the
tips of the eggs, completely covering the shells. They begin to feed
soon after leaving the eggs, many of them reaching the leaf and feed ing
while clinging to the eggshells about the edge of the roup. A very
thin layer of epidermis is eaten. After a day or so the larve begin
to scatter and feed more heavily, devouring thicker portious of the
leaf. By the time of the first molt they have scattered over several
leaves. As they grow older they feed heavily and more rapidl
and scatter over the plant or adjacent plants. In the third and fourth
larval instars the most serious damage is done to the crop.

The larvee (Pl. 1V, €) remain on the plant on which they have
hatched, or on adjacent plants. While capable of crawling a con-
siderable distance under adverse conditions, as much as 24 feet in 20
minutes, migrations do not usually occur except prior to pupation
when sufficient protection is not at hand.

The larva’s method of feeding is characteristic of the species.
(PL. V, A4, B.) It consumes a narrow band of the leaf and usually
leaves the upper epidermis intact. It then moves and consumes
another strip, and so on until several such parallel strips have been
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devoured. The result is a network of narrow bands of leaf tissue
covered by the thin upper epidermis. The feeding habits of the beetle
are quite similar to those of the larva in many cases, but usually the
leaves are more ragged in appearance.

The 12-spotted cucumber beetle (Diabrotica 12-punectaia Oliv.)
f(:]elds very similarly in many cases, as do also certain small cater-

ars.
P In territory where the bean beetle is not numerous, specimens of
suspected insects should be taken for identification before the
presence of the bean beetle is reported.

After the larva has molted three times the fourth larval instar or
stage appears. IFeeding by the larva in this stage is very destruc-
tive, a single larva being able to destroy a large bean leaf in one day.
After feeding for from 4 to 6 days in moderately warm weather the
larva attaches itself by means of an abdominal pad at the posterior
end and remains quiescent for about 2 days. }{’ fourth larval molt
then occurs and the pupa stage is assumed. The larval skin, which
is white in_color, remains attached to the yellow-colored pupa (Pl
II, B; PL.III; PL. 1V, D), covering the posterior abdominal segments
and holding the pupa to the leaf or other object. Late in the fall the
%upal skin 1s often black in streaks and sometimes completely black.

nder conditions of severe infestation, pupz occur on various plants
and objects near destroyed plants. IEgg masses are also deposited
on such plants as mustard, cocklebur, and certain weeds, on which
the hatching larve would starve.

The adult or beetle emerges from the pupa in from 6 to 8 days.
Immediately on emergence it is light lemon-colored and very soft.
In a few hours the spots on the wing covers appear. The wings are
protruded backward from under the elytra or wing covers, extending
a distance almost the length of the body. At the end of 24 hours the
adult becomes fully developed and quite hard, but the color is light
lemon, with black spots, and dark mouth parts, undersurfaces, and
appendages. With age the color becomes darker, approaching
copper color to brown in overwintered specimens.

ewly emerged adults (PL. IV, E) usually remain on the bean
plant and feed before taking flight. Food is not essential, however,
and in cases where fields are destroyed newly emerged beetles Ily
away in search of food.

The fecundity of the insect under favorable circumstances is re-
markable. During the summer of 1921 many fields of beans about
Birmingham, Ala., were so heavily infested that the general appear-
ance of the crop resembled the effect of a severe drought. Scattered
over the remains of the plants, the ground, weeds, and any object
were thousands of pupe and larva, so numerous as to give a yellow
tone to the field. Ea-rvaa and beetles feed on pods and stems under
such conditions.

The total life period from egg to adult covers from 25 days during
the heat of summer to 58 days in early spring, the usual minimum
being 27 days during summer, and the usual maximum during the
spring and fpﬂr,ll being about 44 days. From 6 to 29 days additional
are required between emergence of the female from the pupa and
egg deposition. The average preoviposition period for 32 females in
two dilferent seasons was 11.5 days. Table 3 gives a brief summary
of the life history at Birmingham, Ala., for the years 1921 and 1922.
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TasLe 3.—Summary of life history of the Mexican bean beelle at Birmingham,
Ala., 1921 and 1922.

[Average days of development.]
1921: 2,019 EGG-TO-ADULT RECORDS.

Incuba- First Second | Third Fourth Pupa- | Develo

Generation. tion : ine P Finats tion menta
period. instar. instar. | instar. instar. period. | period.

First generation................ i 3
Second generation. ... e 6

Third generation..... 6
Fourth generation.............. 6

Days. Days. Days. Days. Days. Days. Days.
10 6

@
e O3 03 Ha
me
=2
]

e
e

1922: 1407 EGG-TO-ADULT RECORDS.

Firstgnnomtion....“_,A..._A__l )
Second generation. ... S

Third generation..... )
Fourth generation.............. 7

5888

b ==l

=1
T e

1 s e
1 T

Swnm

SAM
FEB.
MAR.
APR,
rAY
SUNE|
SULY
Alé
SEPT
ocT
NOV.
DEC.

LIFE CYCLE
OVERWIN TERED
BEETLES
FIRST GENERATION
LARVAE
FIRST GENERATION
BEETLES
SECOND GENERATION
LARVAE
SECOND GENERATION
BEETLES
THIRD GENERATION
LARVAE
THIRD GENERATION
BEETLES

LARLE
FOURTH GENERATION
BEETLES
BEETLES /N HIBERNAT/ON  HR
ACTIVE PERIOD ——BEETLES >
ACTTVE FPERIOD -~ LARUE

FiG. 6.—Life history of the Mexican bean beetle in an open-air insectary and field eages at Birmingham,
Ala., during 1921. Based on 2,303 egg-to-adult rearings.

SEASONAL LIFE HISTORY.

The discussions in this bulletin are based on observations covering
only a two-year period in a restricted locality, which is too short a
time to draw conclusions on many phases, especially since this study
deals with an insect in a new habitat with a constantly increasing
distribution.

A large series of life-history experiments were performed during
the two seasons, 1921 and 1922, and these have been condensed into
charts. (Figs. 6, 7.) Figure 6 gives the results of 2,393 egg-to-adult
rearings, obtained during the year 1921, chiefly by J. R. 'T){)uglﬁ.ss.
Figure 7 gives the results of 1,590 egg-to-adult rearings, obtained
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during 1922 by L. W. Brannon. During 1922 many egg masses ob-
tained were not reared. All the original beetles were taken from
-hibernation. Cages were placed in the field as well as in the insec-
tary, and identical results were obtained.

These charts show overlapping of generations, due to the pro-
longed life of the adults, especially the overwintering generation.
They also show that while the insect can and does produce a maxi-
mum of four generations, a minimum of two is required to maintain
the species except in rare instances. Two generations and a partial
third are the rule.

All stages of the inseet occur in the field from late April or early
May until late October or early November about Birmingham, Ala.
At Thomasville, Ga., all stages have been observed in the field from
April until late November or even December. A maximum of four

§

Q

LIFE CYCLE

OVERWINTERED
BELTLES

FIRST GENERATION
LARVE

w K
N 8

AN,
FEB.

APR,
MAY
JUNE

| SULY
ave.
SEFT

L |\Vov:

FIRST GENERATION
BEETLES

| SECONG GENERATION
LARIE

SECOND GENERATION
| BEETLES
THIRD GENERATION
LARIAE
THIRD GENERATION
| BEETLES
FOLRTH GENERATION
_ LARE |
FOURTH GENERATION
BEETLES
BEETLES IN HIBERNATION s
ACTIVE FERIOLD ——BEETLES us
ACTIVE PER/IOLD —— LARIME

Fig. 7.—Life history of the Mexican bean beetle in an open-air insectary and field cages at Birmingham,
Ala,, during 1922, Based on 1,590 egg-to-adult rearings.

generations occurred there, although the duration of bean plantings
would permit a maximum of six generations. Two_generations and
a partial third are the rule, as in northern Alabama.

In the field the severest damage is done by the first and second
generations.

Figure 8 represents the seasonal life history. This chart was
prepared from the life-history studies and records of infestation made
n field control experiments during 1921 and 1922. The width of the
bands indicates the relative abundance of the beetles and larve,
caleulated from injury to beans. The early records of 1921 are
probably unusual, and the heavy late infestations of that year were
not repeated in 1922. The heaviest infestation occurs in July and
carly August, when the greatest number of larve are present. In
1921 the period of heavy infestation extended over a period of about
three months from late June to the middle of September, but in 1922
this period was of shorter duration—from late June to early August.
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In the Southeast the beetles begin to leave their winter quarters in
the spring as early as late March and early April, or at about the time
when early garden beans are coming up. At Birmingham, Ala., this
date was March 22 in 1921, and April 6 in 1922. At Chattanooga,
Tenn., it was early in May in 1922. At Thomasville, Ga., the first
beetles emerged in the field March 27, 1922. One individual of a
colony of bectles, marked black, November 18, 1921 (Group 2, Table
6), was collected in a bean field April 22, 1922, three-fourths of a mile
from the place where it had spent the winter. The beetle is thus able

: ey Y[y sIRINIY S
LIFE over S|P NN N REES)
BeE SNHNENNNRIEINEE
OVERINTERED
Tyl ENEEER

FIRST GENERATION
LAR VA

FIRST GENERATION
BEETLES

SECOND GENERATION
LARVAE

SECONLD GENERATION
BEETLES

THIRO GENERATION
LARVAE

THIRD GENERATI/ION
BEETLES

FOURTH GENERATION
LARLAE

FOURTH GENERAT7ON
BELETLES

BEETLES /N HIBERNATION — BW | ACTIVE PERIOD —LARVE &
ACTIVE PERIOD— BEETLES <@ | £ARLY RECOROS OF /1921 ————

F16. 8.—Beasonal life history of the Mexican bean beetle: Composite chart prepared from insectary records
and field observations during 1921 and 1922 near Birmingham, Ala. (eges and pupse not shown). Width
of bands shows relative abundance of beetles and larvee in the field. The insect is most abundant in
July.

to make extensive flights at this time of the year. In New Mexico,
J. . Graf found beetles hibernating 74 miles from the nearest bean
field, and still farther from the most likely source.

The spring migration lasts until early June, covering a period of
about two months. The beetle flies considerably all during the
summer from field to field and travels great distances.

During August, 1921, and late July, 1922, the beetles became
restless and were often on the wing. During this period beetles a
week or more old fed less than earlier in the season. It is believed
that the greatest distribution occurs during the late summer and early
fall, but the spring migration is also undoubtedly of great importance.
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At least as early as the first week in October the beetles begin to
fly to woodlands and enter hibernation. The majority have left the
fields by the time the daily mean temperatures reach 55° to 60° F.,
but a few remain until heavy frosts occur.

Fewer e%gs are laid after the middle of August. Larvae are cor-
respondingly scarce, but all stages are present until killing frosts
oceur.

Life for long periods without food, as shown by starvation tests,
indicates that the species i1s remarkably prepared for adverse con-
ditions when host ])[Imlbs may be unavailable. One adult lived 102
days without food in the presence of moisture. In general they

FiG. 9.—A typical infested bean plant photographed in the field shown in Plate VI, B.

succumb to starvation after 5 to 15 days, but a few live considerably
longer. After starving for 68 days, 19 beetles out of 50 survived and
entered hibernation November 22, 1922. An adult with food lived
121 days. The average life of 34 pairs used in experiments was 58
days, the females averaging 50 days and the males 68.

FOOD PLANTS.

The Mexican bean beetle is primarily a bean pest (Pl. VI, A, B;
text fig. 9), attacking by preference the common beans, including
bush and pole varieties of snap beans, pinto, navy, and Lima beans,
and tepary beans, all of the genus Phaseolus. It can subsist, however,
on a number of other plants, and in many instances has severely
damaged cowpeas and soy beans. About Birmingham, Ala., in 1921,
and about Chattanooga, Tenn., in 1922, some fields of cowpeas were
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destroyed, and serious injury in some instances was done to soy beans.
The following list of food plants comprises those observed to date, in
the order of their preference, on which both larve and beetles can
subsist, as observed in the field.

FOOD PLANTS OF THE MEXICAN BEAN BEETLE.

Tepary bean (Phaseolus acutifolius).

Garden bean (Phaseolus vulgaris); including navy bean, pinto
bean, kidney bean, pole bean, ete.

Lima bean (Phaseolus lunatus).

Beggarweed (Meibomia tortuosa, M. canescens, M. viridiflora).

Hyacinth bean (Dolichos lablab).

Cowpea and black-eyed pea (Vigna sinensis).

Soy bean (Glycine hispida).

Adsuki bean (Phaseolus angularis),

Alfalfa ( Medicago saliva).

Sweet clover (Melilotus alba).

Fia, 10.—Voluntary larval feeding on beggarweed ( Meibomia sp.).

There is a very great difference in choice between some of these
food plants. In some cases of light infestations, cowpeas and soy
beans may be uninjured. Also, early in the season, beetles and larvese
may starve in confinement on these plants, while later in the year
they will reproduce on them and may cause serious injury in the
field in cases of heavy infestations.

In the late summer and fall, when bush bean foliage is scarce but
when pole Lima beans are large and green, the beetles are attracted
to the latter. This crop is examined closely in fall scouting work in
new territory. The list given is based on field observations.

In the insectary the insect has been reared from egg to adult on
many varieties of bean—on Meibomia canescens (fig. 10), cowpea
(PL )\TII, A, B), hyacinth bean, soy bean (Pl. VIII, %), and adsuki
bean—and to the pupa stage on alfalfa, when ants destroyed the
pupe. The likelihood of the insect severely damaging plantings of
the adsuki bean, sweet clover, or alfalfa (Pl IX| j‘f is very remote.
Beetles and larvee in confinement often starve in the presence of the
last two plants. When extremely numerous the beetles have been



16 BULLETIN 1243, U. 8. DEPARTMENT OF AGRICULTURE,

observed to feed voluntarily on many plants, especially when their
favorite food has been destroyed or has become scarce. Among
these plants are the following: Velvet bean, kudzu, crimson clover,
white clover (P1. IX, B), corn, grasses, okra (Pl. VIII, A4), eggplant,
potato, squash, mung bean (Phaseolus aureus), and weeds. None
of these plants has ever been severely damaged. Adults have also
been taken feeding on Galactia volubilis and Lespedeza virginica. In
the fall volunteer feeding on kudzu is not uncommon, while trials
earlier in the year to breed the insect on this host have been fruitless.
Feeding on mung bean (Phaseolus aureus) is very rare, and only
one instance of feeding on wild moming—n‘lm'y (Ipomoea sp.) has been
observed, under unusual conditions. The insect does not normally
feed on sweet potato or peanut. Information relative to the prefer-
ence of the beetle for snap beans, both pole and bush, compared with
Lima beans, cowpeas, and soy beans, may be gained from the reports
on field scouting, most of which was done in sections where infestation
was light. These reports show a decided preference of the beetle for
the garden bean over the Lima bean, that the cowpea is far removed
from either of these, and that the latter is preferred to soy bean. In
south Georgia beggarweed (Meibomia tortuosa) is preferred to cow-
pea, this plant being infested with all stages of the insect when cowpea
1s scarcely infested.

The problem of food plants of the Mexican bean beetle is not the
same in the Southeast as in the West and Southwest. Not only does
the problem concern the grower of susceptible erops, but it has an
important bearing on the policy to be followed regarding quarantine
and extermination policies. The fact that a number of new food
plants came under observation immediately after investigation of the
problem is evidently explained by the fact that the insect acts differ-
ently under new climatic conditions. Obviously, also, some appar-
ently new habits may be of old standing.

Soon after the avidity of the beetle for beggarweed or beggartick
(Meibomia tortuosa) in southern Georgia was reported by Luther
Brown, the same facts were independently discovered in Mexico by
Prof. H. F. Wickham, while employed by the Bureau of Entomology.
Similar observations were made in northern Alabama by J. R.
Douglass and the writers and subsequently in Mexico in 1922 by
E. G.Smyth. Itis therefore probable that Meibomia has been a host
plant for many years. In 1920, when the bean beetle was first
reported in northern Alabama, cowpea and soy bean were observed
as food plants. Adults were first observed feeding on soy bean, in
Colorado, by A. E. Mallory, Bureau of Entomology, in 1919. The
greater variety and accessibility of leguminous food plants in the
southeastern part of the United States, together with the abnormal
abundance of the insect, has probably been the chief cause of changes
of habit and new observations of (ﬁd habits. In trucking sections
in the Southeast cowpeas are often raised as a truck crop for human
consumption in the green stage. In many such instances severe
damage has been done to this crop. In a number of cases marked
injury to fields of cowpea of considerable size has occurred, but
always in a section where the infestation on garden beans has been
extremely heavy.

A decided preference is shown by the Mexican bean beetle for
“pinto”” and tepary beans. In 1921 pinto, or Rosello spotted, beans
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from Colorado were planted with a legume collection on the experi-
mental plats. Careful counts showed that more than twice as many
adults were present on the pinto beans, and they were destroyed
sooner than a collection of six of the most popular varieties of garden
bush beans. In 1922 tepary beans were decidedly preferred to 11
varieties of the commonest pole and bush beans, although the leaves
were small and the insect was exposed fo the sun. These facts
support the statement that the bean beetle was introduced from the
western part of the United States, for these varieties are grown
extensively there.
HIBERNATION. &

Knowledge of the hibernation habits of the Mexican bean beetle
previous to the winter of 1921-22 was based on the collection of
very few specimens during the fall and winter. The greater portion
of the life cycle of many important injurious insects, especially in
the Temperate Zones, is passed in a dormant state during winter,
but in many instances little is known about this stage. Attack on
insects during this period has been found successful in notable cases.
such as the clean-up practices recommended in some localities against
the chinch bug, Blissus leucopterus Say, and the planting of wheat

/~ to take advantage of the seasonal life history and hibernation habits
“J of the Hessian fly. Other outstanding examples might be mentioned.

The adult of the bean beetle is the only stage vﬁm-h survives the
\W'inter. In 1921 emergence from hibernation was first noted March
) 22, when four adults were collected on early beans. An egg mass
' was also collected, indicating that emergence had occurred a few
n days before. In field observations emergence and spring migration
o lasted until the middle of May, the greatest number having emerged
¢ by late April and early May.

Restlessness of adults in the field was noted in August, 1921, and
from that time until late October migrations occurred. DBeetles were
exceedingly numerous until that time, but had almost disappeared
from the field by November 4, when a heavy frost occurred. A few
specimens were observed up to November 25, 1921, on parts of bean
foliage which had not been killed by frost.

Adults of the Mexican bean beetle have been found hibernating
under various conditions. They have been collected in old stumps
near a garden, in cracks of old fence posts, in débris about an old
fence, in stone piles near a garden, under leaves and plant remains
in the garden, under a woodpile, and in well-drained woodlands
near bean fields.

Experience gained in California in investigating the hibernation of
beneficial coceinellids led J. E. Graf to believe that the Mexican bean
beetle, which is a coccinellid, hibernates similarly. Therefore, a
large area surrounding the Birmingham trucking district in the Kast
Lake section was carefully searched for the beetle during the winter
of 1921-22. The results are given in Table 4.*

This area comprised approximately 12 square miles and the same
territory was searched again in the winter of 1922-23. These results
are shown in Table 5.

i M. P. Foshee, D). M. Dowdell, Jr., and others assisted in this work.

80333°—247——2 ——
¥ PET 2 7,
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TasLe 4.—Hibernation of the Mexican bean beetle, Birmingham, Ala., winter of

1921-22.

| Number | Number | Number | Number | Total

HillNo lfluﬂ}ben of square of of beetles | of single | number
* searches feet colonies | foundin | beetles |of beetles

©%-| covered. | found. |colonies.| found. | found.

Lisiiciisisamincrms 10 515 0 0 3 3
- e B Sl PR 20 1,023 3 649 154 503
£ e R 25 1,686 ] 0 63 33
v SR e B 3 344 1 30 32 G2
L ST D 4 374 (1] 0 3| 3
- ST Lt e Do 3 196 0 0 1 1
Bionssasssny st vons 17 420 0 1] 0 0
B a3 1,896 0 0 43 43
Mossions adindmmms s 42 7,488 4 233 287 520
10 et s s e 7 690 , 0 0 0 0
8 5 R O SR RS 7 1,005 0 0 1 1
: 1 12 0 0 26 26
| | SR R 27 2,287 0 0 34 34
y | R N, 12 0 0 0 0
o, e SR 5 500 0 0 a8 38
% srvammme e 19 44 0 0 2 2
T R EREIE S 6 488 0 0 o 0
1 | e R R 8 991 0 o 0 0
) 9 1,113 0 0 0 0
S SRR S O 10 1,750 0 0 267 267
B e ratims e [} 8 0 0 2 2
L PR 11 0 0 3 3
AT 11 1,152 0 0 0 0
BB s 6 376 4 380 2 382
], I T 8 339 0 0 0 0
e s 5 480 0 0 0 0
i BRI L e (3 460 [1] 0 4 4
v R 5 603 0 0 1 1
1 S e 5 35 0 0 0 0
) 13 1,433 0 0 11 11
e e SR 13 476 0 0 0 0
BB e sanyanamisa 13 478 0 0 0 0
! I S S 13 300 [1] 0 12 12
Alssscvicesidacaiaia 12 364 0 0 0 0
[ N 9 361 0 0 0 0
;b R 7 291 0 0 0 0
e 7 580 0 0 0 0
;. SRR R 7 559 0 0 0 0
45, Watt's farm.... 62 5, 086 0 0 9 9
Total.oe...u..s| 471 | 40,759 12 1,202 098 2,290

TasLe 5.—Hibernation of the Mexican bean beetle, Birmingham, Ala., winter of

1922-28.
Number | Number | Number | Number | Total
of square of of beetles| of single | number

feet colonies |foundin | beetles |of beetles
covered. | found. |colonies.| found. | found.
554 0 0 i 1
1.276 0 0 1 1
4,933 0 0 10 10
3,449 0 0 17 17
522 0 0 0 0
4,334 0 0 0 0
557 0 0 0 0
1,958 0 0 0 0
7,484 0 0 14 14
1,042 0 0 0 0
4,168 3 167 145 312
829 0 0 0 0
2,609 0 0 3 3
299 0 0 0 0
1,167 0 0 2 2
3,139 0 0 31 31
3,660 0 0 0 0
1,908 0 0 0 0
1,580 0 0 54 54
1,082 0 0 0 0
484 0 0 0 0|l
1,526 0 0 4 4
5,244 0 0 0 0
Total........... 721 53, 804 3 167 282 449

Approximately 12 square miles were included in hibernation scouting. The greatest distance beetles
were found from a bean planting is one-half mile. The majority of the beetles found were within one-
eighth to one-fourth mile from the nearest bean plantings,
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The largest numbers of hibernating beetles have been found in
woodlands where the land is rolling. In all cases where living
beetles were taken, the material sheltering them was moist and was
protected from driving winds. As this material dried out, during
warm weather, the beetles moved about and went farther into the
material where moisture was present, or migrated to more favorable
quarters.

In sections where the infestation is extremely heavy there is a
tendency toward hibernating gregariously. About Birmingham,
Ala., in the winter of 1921-22, 56 per cent of the 2,290 beetles
observed were found in colonies. The following winter, 1922-23,
only 14.8 per cent as many beetles were found per unit of area as
during the c{)revious winter. This was probably due to the lighter
infestation during 1922.

The largest colony observed contained 329 beetles on December
15, 1921, and the majority of beetles occurred in a space 18 inches
square. The colony shown in Plate X, A, B, contained 149 beetles,
more than 50 of which were in a space less than 1 foot square, about
1 inch below the surface. This colony was under pine needles and
oak laaves which had accumulated under a pine branch on the

round.
¥ During cold weather in January adults withstood submersion in
water for two days with no mortality. Fifty per cent of the beetles
survived after submersion for four days, and one beetle was living
after six days. Insmall hibernation cages which were not sufficiently
moist all beetles succumbed.

Males and females occur in approximately equal proportions.

The few beetles which remain in the bean fields during winter
are undoubtedly a factor in the spring infestation, but the large
majority of adults migrate from the fields to wooded hills. The
proper moisture conditions for successful survival of the winter
appear to be an important factor in determining the location chosen.

1ese conditions are only constant under branches and leaves in
the shade, or in deep piles of material. The preferred material in
the Southeast is a mixture of pine needles and oak leaves. (Pl. X.)
The beetles are found distributed through the material at a depth
of an inch or more, depending on the moisture conditions. Adults
are occasionally found with colonies of the beneficial ladybird,
Megilla maculata DeG.

October 3, 1922, three beetles were observed in hibernation in
woodlands when the shade temperature was 82° F. Three days
later 25 beetles were found in the same place.

During the mild winters of the Southeastern States the adults
are not entirely inactive. On warm days they move about, and in
the course of the winter the majority change location. Some of
the colonies of beetles found in woodlands were watched throughout
the winter. Kach beetle was marked with a waterproof mark.
Brief records of the observations are given in Tables 6 and 7.
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TasLe 6.—Data on colonies of Mexican bean beetles in hibernation, winter of

1921-22,
GROUP 1.
[149 beetles in original colony, marked red, November 22, 1921.]
Number of | Number of Deud begties;
Date. iminted unpainted —
rectles. beetles. | pyinfed. Unpainted.
1921, ‘ B
WO B0 ool s S e e e R s S 2 [ CCCTRR| R
.............. f A7 |.
| Destroyed Lluy intruders.
GROUP 2.

[299 beetles in original colony, marked black, November 18, 1921.]

1921,

30

103

168
170 [} 9
166 10 14
................... 141 11 10
Wl T s Renainsisd 93 115 5 29
Feb.24. . .cooounn.ns 85 110 45 9
Mar.8............ . [i5] 85 7 7
BT 8L i H 54 54 3 3
Mar.29... i 40 38 4 2
Apr.13...... 25 18 1 0
Apr.26... 10 8 i} 0
MEBF T oacsvveieaniiuasnoinain s shauadivtogiliosdids um 1] 0 0 0

GROUP 3.
[80 beetles in original colony, marked purple, December 10, 1921.]

68 . T et T e
59 11 3 0
47 b 1 1
57 ] 0 1
51 ] 0 1
41 8 1 1
47 £ 1 1
30 ] 0 1
24 4 1 0

Beetles noted with snow on ground; more

closely grouped.
Temperature moderating and beetles scattered
generally through covering.
16 b § 0 0
5 1 0 0
0 1] 0 0
GROUP 4.
[65 beetles in original colony, marked white on left wing cover, December 10, 1921.]
43 | e LT e
40 10 1 1
33 16 0 [
29 | 8 0 2
26 | 11 0 0
22 13 ] 0
20 bi) ] 7
20 3 1 0
13 5 0 0
9 4 0 0
3 1 1 0
0 1 0 0

1 Majority of beetles found in space 18 inches square.



MEXICAN BEAN BEETLE IN THE SOUTHEAST. 21
TaBLE 6.—Data on colonies of Mexican bean beetles in hibernation, winter of
1921-22—Continued.
GROUP 5.

[72 beetles in original eolony, marked green on right wing cover, December 13, 1921.]

Number of | Number of Dead bestles,

Date. painted | unpainted T

beetles. | beetles. | puingaq, ll_?n[:ainted.
1921, [

D B i S e e S SR SR n W havaisgasaksimineg
1922, '

TR B o o e s e S e s S Destroyed 1|)y intruders............. B

GROUP 6.

[103 beetles in original colony, marked red (eosin) on right wing cover, December 13, 1921,]

1921.
BT 96 B Lo mersmlcanmpanmn
1922,
G B e S e e R S B 85 4 3 0
AN, 1T vensninas 69 1 4 0
.'Iﬁ‘arij.% ............ gs % ?’r (0)
ab.18... 5]
]lz‘leh.-%? ............ 84 0 0 0
[ o R R a7 3 0 0
Mar,18.... .. al 1 0 1]
Mar.27....... 40 3 1 0
i e 3 i 0 i
P 2B s |
B A0 s s s e s e L e A 0 0 0 0

TasLe 7.—Data on colonies of Mexican bean beciles in hibernation, winter of
1922-23 (through Feb. 9, 1923).

iROUP 7.

[25 beetles in original eolony, in space 3 feet by 5 feet, Oet, 3, 1922,

Numberof

Date. heetles

present.

1922,
................................................................................. 8
.................................................. 3
...................................................... 4
...................................................................................... 4
GROUP 8.

[ 61 beetles in original colony, in space 4 feet square, Dec, 4, 1022.)

16
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TasLe 7.—Dala on colonies of Mexican bean beetles in hibernalion, winter of
1922-23 (through Feb. 9, 1923)—Continued.
GROUP 9.

[81 beetlesin original colony, in space 5 feet by 10 feet, marked black, Dec. 20, 1922,

Number of | Number of
Date, beetles beetles Remarks.
painted. |unpainted.

31| Slightly active.
30 19 | Inactive.

29 19 | Slightly active.
21 12 | Active,

22 21 | Inactive.

The mortality in the woods during hibernation is not as great as
might be expected. Remains of beetles have been found which in-
dicate the work of carabid beetles or other predacious enemies. The
high mortality in Group 2 (Table 6) is unusual.

Records of hibernation were also obtained from cages. At Bir-
mingham, Ala., 17,800 beetles were placed in cage 1, and were given
their choice of materials which had been found %y Dr. W. E. Hinds
to be satisfactory the previous winter. The materials used were
wood, sticks, cornstalks, and bean vine débris, a fourth of the cage
being left bare. The cage was placed under a small tree which
shaded it about half the day. Beetles numbering 18,050 were placed
in cage 2, similar to cage 1, and with similar materials, but in a loca-
tion a mile and a half away, where the cage was not shaded. These
cages were placed at an altitude of about 600 feet above sea level, in
latitude 33° 31" N.

Observations were made of cage 2 at intervals during the winter.
As noted in the field observations, many of the beetles moved about
on warm days throughout the winter.

Air temperatures were taken in the shade as observations were
made. No beetles were observed to be out of the hibernating ma-
terial below a temperature of 50° F., and very few were out at tem-
peratures below 60° F. At 60° F. and above, up to 70° F., from 30
to 200 beetles would crawl about the top of the material and on the
sides of the cage, depending on the amount of sunlight. Above 70°
F., the beetles became more active, and March 30, 1922, at 75° F.,
724 beetles were out and active. Early spring migration and issu-
ance from hibernation probably took place under natural conditions
about that date, although the first adult was not taken on beans
until April 6. After March 20 the beetles in the cages were active
at temperatures below 60° F. on some days. April 1, when the tem-
Eje.rat.ure was 45° F., 124 beetles were out. most all the beetles

ibernated under the pile of wood and sticks, several inches below
the surface, where the material was constantly moist. A few beetles
hibernated in the bean vine débris.

In the spring, about the time appearance on the earliest garden
beans was expected, as indicated Ey observations of beetles under
natural conditions, beetles were removed as fast as they crawled on
the sides of the cage. The emergence in the cages is given in Table
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8. It will be noted that the survival of beetles was slightly less than
15 per cent in each cage.

’Ifile total period of emergence was about two months—from April
5 to June 6. The maximum emergence occurred between April 19
and May 6 in the two cages, which is more than a week later than
the previous year. The majority of the beetles observed through-
out the winter in nature (Talble 6) had left hibernation by April 26,
and all except one had issued by May 10.

TasLE S—Hibernation at Birmingham, Ala., winter of 1921-22,

CAGE 1.
Beetles collected. Beetles removed.
Date. Number. Date. Number.
500 100
800 83
G, (00 220
5,200 150
GO0 300
4,700 753
301
267
102
203
73
16
i R AT 17, 800 2,600
14.61

CAGE 2.

HIBERNATION AT CHATTANOOGA, TENN.

The Mexican bean beetle reached Chattanooga, Tenn., early in 1921,
and reproduced ra]}id}())r that year. It had not become abundant,
however, by fall. In October, 18,000 beetles, collected at Birming-
ham, Ala., were placed in hibernation on Lookout Mountain in
Tennessee, in a cage and with materials for protection similar to those
used at Birmingham, Ala. The altitude of this mountain is more
than 2,100 feet above sea level, and the latitude is 35° 21’ N. Beetles
were removed when the locality was visited and the results are given
in Table 9. The survival in this cage was lower than in the others,
probably because the beetles were not removed regularly. No
attempt was made to estimate the mortality due to starvation in the
spring, but it is believed that a higher percentage of survival would
have been obtained if the cage had been observed daily. Of the
adults placed in this cage, 9.7 per cent survived the winter. The
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maximum emergence, estimated from observations, probably
occurred from May 10 to May 27, which is three weeks later than at
Birmingham, Ala., where cages were placed at 600 feet above sea
level, at 33° 31’ N. latitude. The insect at the latitude and altitude
of Lookout Mountain remains in hibernation from 7% to 8 months.

TasLe 9—Data on hibernation cage at Chaitanooga, Tenn., on Lookout Mountain,
winler of 1921-22,

Beetles collected at Birmingham, Ala. ! Beetles emerged.
Date. Number, Date. Number.

L8 11 o R L R e AR e G000, | APTa B o sy v S s i 37
s O 12,000 | May 16... 465
May15...... 545

May 27... 629

June 10, 24

TOtAl. oo 18,000 Total 1,740
Beetles transported to Chattanooga and placed in | Next observation was June 29, when there were no

cage Oect. 11. living beetles in the cage.

Percentage survival ......c.oieenenn 9.7

HIBERNATION AT THOMASVILLE, GA.

The isolated infestation at Thomasville, Ga., offers an interesting
comparison of the habits of the Mexican bean beetle at a low alti-
tude (about 300 feet above sea level) and more southern latitude
(30° 54’ N.) with those at the higher altitudes and more northern
latitudes of Birmingham, Ala., and Lookout Mountain, Tenn.

Hibernating habits under natural conditions at Thomasville,
Ga., during the winter of 1921-22 were very similar to those about
Birmingham, Ala. Because of the lighter infestation and the rela-
tively smaller acreage of bean plantings, adults were not so numerous.
An area of several square miles surrounding the city was included
in the study of hibernation. A total area of 4,823 square feet,
representing 718 searches, was examined carefully. Of 152 adults
observed in hibernation, 69 per cent were found in a colony com-
prising 105 beetles. These were found at the base of a large oak,
growing in contact with a large gum tree. The beetles were dis-
tributed from 1 to 3 inches below the surface in oak and gum leaves.
Close by was a garden which had contained pole Lima beans which
had been destroyed by the beetle the previous summer.

In searching for hibernating bean beetles many adults of the
related squash beetle® were also observed in hibernation, often
under identical conditions, side by side, under leaves on the ground.
The well-known habit of the squash beetle of hibernating in crev-
%ces 1in the bark of trees has not been observed in the case of the bean
reetle,

A hibernation cage like those mentioned above was used at Thomas-
ville. (See Table 10.) In 1921 the majority of the beetles left
the fields late in October, but a few were present as late as Decem-
ber. The first issuance from hibernation observed in the field was
March 29, 1922, but, as noted in Table 10, emergence began February
28 in the cage and continued until June 3. The survival was 30

8 Epilachna borcalis Fal,
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er cent. This high rate, however, may be partially due to the
act that the dormant period of a portion of the beetles is reduced to
less than four months.

TasLE 10.—Data on hibernation cage at Thomasville, Ga., winter of 1921-22.

Beetles collected. Beetles issued.
| -—
Date. Number. Date. Number.
1921. 1622,
Sept. 2830 e i ccemeacran e ee e 1,690 | Feb. 28 . .o iiiiiieienrrnanes 79
Ok, 1Bsisesivos 17625 | Mar, 111...01.il0 100 153
08 | Mar, 13-18............... a7
259 | Mar. 27-31l.cceeininanan 93
B | AT L sescspenammesse 116
a2 | doprs Bl i 3n
253 | Apr. 3-6.... ..ol 339
190 | Apr. T=12....ciiiioinivnns 154
157 | Apr. 2061
Apr. 170
May 1-6. 90
24 | May 5-13 43
12 | May 17. 27
May 22. 5
MAY 20 oo i 2
MEAY 2.rrevswinwnnrsaims 6
Tl Bl il s e e 1
b 1] - N e s s S oS e, 5,404 Polal-cccsisanmeiaessnisss 1,667
Percentagesurvivalooeoooieeeiininonnnns 30, 34
HIBERNATION CAGE SUMMARY.
Number of | -
Cage beetles h%ﬂ?ﬁ!rs"f Per cent
= placed in emerged survived.
cage. '
Thomegvllles QA .. i iias i niha il b i S s ¥ el e dibm | 5,494 1,667 30,3
Birmingham, Ala., Cage 1. i 17, 800 2,600 14.6
BIrmiﬂgham,J\!u.,Cafﬁ P A 18, 050 2,638 146
Chattanooga, Tenn. (Lookout Mountain) 18,000 1,740 9.7

The maximum emergence in the ecage occurred between April 1
and April 6, when 485 emerged, which is 18 to 31 days earlier than
%t Birmingham, Ala., and 39 to 51 days earlier than at Chattanooga,

enn.

In the mild climate of southern Georgia the time between the
earliest entrance into hibernation and the latest emergence covers
about 7 months, a relatively long period. The time from the entrance
of the last beetle into hibernation until the first emergence is only
about 3} months. The majority of the beetles remain in hibernation
about 5 months. These habits may change, however, as the insect
becomes adapted to that climate, which is entirely different from
the conditions prevailing in the Southwestern States, where the species
has thrived for three-fourths of a century.

NATURAL CONTROL.

The known natural enemies of the Mexican bean beetle are rela-
tively few in the Southeastern States. None has been of much
economic importance since the insect reached that section, and it
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will no doubt require many years for native enemies to become adapted
to it. No insect or other enemy has been observed to effect any
appreciable control in the western part of the United States.

PREDACIOUS ENEMIES.

The following predacious insect enemies have been observed to
prey on the Mexican bean beetle, Epilachna corrupta, in the field, and
most of these have been observed in confinement.

The common coccinellid beetle, Megilla maculata DeG., was very
abundant about Birmingham, Ala., during the summer of 1921.
This beneficial species fed, in both the larval and adult stages, on
the eggs of the bean beetle, and occasionally on young larve.  Many
egg masses were attacked and a few eggs of each (Testroyed. The
bean beetle was so abundant that less than 3 per cent of the eggs
were destroyed. During 1922 Megilla was not abundant, and very
few eggs were destroyed.

The convergent lady-beetle Hippodamia convergens Guér., also eats
the eggs of the bean beetle, but sparingly. The adults of Coccinella
sanguinea L. and C. novemnotata Hbst. feed slightly on the eggs, the
latter species more %enerally on younger larvee. Adalia bipunctata
L. feeds slightly on the eggs and small larve.

A common soldier-bug, Stiretrus anchorago Fab., destroys larva
pupe, and beetles. It is not common until late in the season, an
then is not sufficiently abundant to be of much value. This bug,
both in the last nymphal and in the adult stages, is at present the
most effective native enemy.

Another pentatomid bug, Podisus maculiventris Say, feeds in both
nym]p]ml and adult stages on larve, pupw, and adults of the bean
beetle and is a more active feeder than Stiretrus. It is not generally
as numerous as Stiretrus,- and is therefore less effective. Both of
these bugs can subsist for long periods on a bean beetle diet.

The common wheel-bug, Arilus cristatus L., feeds on larve, pupe,
and beetles, but is too rare to be effective.

The ground beetles might be expected to prey on the bean beetle,
especially when the latter is so abundant as to destroy a field of beans
and the larvee erawl about in search of food. No beneficial effects
have been observed from this source, though three native species,
Harpalus caliginosus Fabs Scarites subterraneus Fab., and Calosoma
sayi Dej., eat larve sparingly, and the latter two species attack
puJE:B and beetles in confinement.

he tiger beetles Tetracha carolina L., and T. wirginica L., both
larvee and adults, feed voraciously in confinement on larvee, pups,
and adults of the bean beetle and occur in infested fields. It is not
certain that they feed voluntarily on this insect in nature, and their
habits would not indicate that they are very important enemies.
They are not present in numbers in well-cultivated fields. :

The larvee and adults of the lace-wing flies Chrysopa oculata Say
and C. rufilabris Burm. feed on pupze of the bean beetle. They are
not numerous and are of little importance.

In the fall of 1921 a number of instances of feeding by caterpillars
on pupe of the bean beetle were noted. In three instances the larve
matured in confinement on a diet of bean-beetle pupae and developed
into normal moths, two of which were identified by Dr. F. H. Chitten-
den as Prodenia ornithogalli Guen., and the third as Laphygma
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frugiperda S. & A. A fourth collected in the field proved to be
Heliothis obsoleta Fab. (Pl. XI, () These unusual habits may have
been caused by the destruction by the bean beetle of the bean foliage
on which these insects had been feeding.

The ants Solenopsis geminata Fab. and Pheidole sp. destroyed bean-
beetle pupe in experimental cages during the summer of 1921.

The adult of Epilachna corrupta has been observed to feed on its
own eggs in the field in the presence of green bean foliage, and
larvee have also been observed feeding on pupe in the presence of
other food, but very rarely. In the absence of green foliage, adults
and larve very commonly feed on pupw and eggs of the bean beetle,
but not to a sufficient extent to be important in natural control.

Not infrequently dead larve and pupse, light brown to dark brown
in color, are observed in the field, attached to leaves. Bacteriological
examinations of such specimens by Dr. G. F. White showed the
presence of unidentified Coccobacillus and Streptococcus. Attempts
to inoculate healthy larve by spraying cultures, furnished by Doctor
White, on bean plants exposed to the larve availed nothing. It
appears, however, that in the field during the summer alow percentage
OF Fﬂr\rw and pups succumb to a bacterial disease.

PARASITES.

The Mexican bean beetle has been exceptionally free from parasites
in the United States. No internal insect parasites have been recorded
heretofore, and none was observed during the season of 1921. In
1922, however, a few native parasites of native insects were reared
from the bean beetle.

Phorocera claripennis Macq. (Pl. XI, A) was common during July
and early August, and a considerable number were reared from egg
to adult in cages on third and fourth instar larvee of the bean beetle
during that petiod, but the species gradually became scarce and
disappeared from the field by September 1. The female fly deposits
distinct white eges on the larva. (PL. XI, B.) Only one larva of the
parasite completes its development in the host. This species, although
the most common native parasite during 1922, did not become abun-
dant enough at any time to effect any appreciable natural control.
It has many other hosts.

The sarcophagid fly Helicobia helicis Towns." was reared in two
instances from bean-beetle larvie. This general feeder is also rare.

In 1921 Prof. H. F. Wickham collected a puparium of a parasitic
tachinid fly in the vicinity of Mexico City, Mexico. In 1922 E. G.
Smyth, later in the season, collected numbers of these puparia and
shipped them to Birmingham, Ala. The fly occurs very late in the
season, but is reported to parasitize 30 to 50 per cent of the larve
of Epilachna corrupta in Mexico. It has been recently described by
Dr. J. M. Aldrich as Paradexodes epilachnae.” More than 300 were
successfully reared in the insectary at Birmingham on third and
fourth instar larve of the bean beetle, and a few were liberated.
A considerable number of puparia, also, were held in hibernation.
Emergence continued during mild weather in the winter, when the

& Determined by Dr. J. M. Aldrich, of the U. 8. National Museum.
7 Proceedings of the Entomological Society of Washington, vol. 25, No. 4, April, 1923, pp. 95-06.
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host was hibernating as an adult, and this habit may make coloniza-
tion difficult. This parasite appears to be capable of immense
benefit.

Phytophagous Coccinellidae in Java, according to Dr. P. van der
Goot, entomologist to the Dutch Government, are attacked in the
egg, larva, and pupa stages by Hymenoptera; hence it appears that
other parasites that may prove useful against Epilachna corrupta
may be found.

EFFECT OF SUNLIGHT.

During a prolonged hot dry period in 1921, when bean beetles were
so numerous that they destroyed all bean plantings in the Birmingham
district, the larvae were forced to crawl about in search of food, and
were also exposed to the sun on the stems and stalks of plants. Pupee
were so numerous that many stalks and pods were literally covered
with them, and many larve pupated on the ground, or on stones,
weeds, or any object at hand. Many thousands of pupe gradually
turned brown and died.

Experiments were performed and various stages of the insect were
exposed to sunlight. The eg%s, which are normally protected from
direct sunlight, are occasionally laid on the upper surface of the leaf,
or, when laid on the under surface, may be exposed. in some in-
stances by bean leaves growing upward. This is often the case with
the tepary bean. An exposure to sunlight for 33 hours on four con-
secutive days in June killed 57 eggs when the shade temperature
ranged from 74° to 94° I, but 15 eggs of a group of 59 hatched after
30 hours’ exposure on the same days. Twent_\;—})our groups, totaling
1,240 eggs, exposed to the sun continuously from three to five days
during Tate Ju y-and August at shade temperatures reaching a maxi-
mum of from 80° to 101° F., succumbed with the exception of two
eggs.

“An exposure to direct sunlight for two minutes was fatal to first-
instar larvee 1 day old when shade temperatures registered 96° F.
Second-instar larve, 5 days old, succumbed after seven minutes’
exposure to direct sunlight when the shade temperature registered
92° F. Third-instar and fourth-instar larve succumbed after 10
minutes’ exposure to direct sunlight when the shade temperature
registered 93° F.

Three hundred pupa were collected in the field September 12 and
exposed to the sun for two days when maximum shade temperatures
each day registered 96° F., and all succumbed, while 78 per cent of
a check of 100 pup= emerged in the shade, and all pupe reared in
the shade in other experiments emerged. Undoubtedly most of the
?zlpie r cent of pupze of the check lot had been killed by sunlight in the
ield.

Adults are more resistant, and since they can fly to sheltered
places are not usually killed by effect of sunlight. Under conditions
of light or medium infestation, large numbers of the various stages
of the insect are not exposed and no great benefit from this source
oceurs. All in all, however, the factors enumerated above, and no
doubt others which were not observed, tended to reduce the
number of adults going into hibernation to such an extent that the
infestation was much lichter in 1922 than in 1921,
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GENERAL METHODS OF CONTROL.

Reduction of the infestation by cleaning up hibernation quarters
offers an excellent method of control. In sections where waste
lands are sought by the beetle, cleaning up can best be accomplished
during the fall or spring by burning. Fence rows and inaccessible

ortions can be burned effectively by means of a blowtorch designed
or the purpose, along the lines of a cactus or pear burner, such as is
used in the Southwest for burning spines from prickly pear. It has
been discovered that the beetle seeks places somewhat sheltered and
where accumulations of leaves, pine needles, or plant débris occur.
In such instances the material may be gathered in piles and burned,
with especial care to prevent the spreag of the fire over woodlands.

Burning can not usually be recommended for the Southeast be-
cause of the loss which would result in many sections where wood-
lands are abundant and are of economic value. Loss of timber,
game, and beneficial insects in many cases would exceed the benefif

ained, since the value of the bean crop would not equal the loss.
0, the beetle is capable of long flights to hibernation, and the area
to be burned would be greater than with many other species of in-
sects. In more densely populated sections, or in sections where the
major part of the land is tilled, and where waste places are necessar-
ily sought by the beetle, this practice will undoubtedly be very bene-
ficial. Where woodlands are relatively small, burning of the ma-
terials which shelter the beetles may be practiced without detriment
to the timber. This practice would require a close community effort
over a considerable area, and would be promising only in cases
where the area suitable for hibernation is restricted.

Under conditions of severe infestation, fields which are badly in-
jured should be plowed under before the larve develop into beetles.

Jovering any stage of the beetle with 1 inch or more of clay soil
during hot weather destroys it.

The growing of beans under conditions of heavy infestation is im-
possible without the use of remedial measures. Only as many beans
as can be treated should be planted. The expense of treating pole
beans, on account of the difficulty of application and the longer
period to maturity, which involves more applications, makes it ad-
visable to grow only bush beans where infestation is heavy.

Where green beans are grown, the infested fields should be plowed
as soon as the crop is picked. This will destroy large numbers of all
stages of the bean beetle and will reduce the infestation. Community
effort is essential in this practice, and will benefit each grower.

For the winter months fields should be planted to cover crops
best suited to conditions.® This will add organic matter to the soil
and stimulate a vigorous growth and early mafturity the following
year, thus tending to compensate for bean beetle injury.

Plant varieties which do not produce large, bushy foliage. Too
leafy a foliage can not be as thoroughly covered by arsenicals as
varieties which produce less foliage.

Plant seed in the drill. Clumps of plants are more difficult to
reach with insecticides than row crops.

8 Farmers’ Bulletin 1250, entitled *“Green Manuring.”
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ARTIFICIAL CONTROL.

At the outset the problem of artificial control of the Mexican bean
beetle appeared to be a matter of the application of the proper
stomach poison to the bean foliage. Some experience had been
- gained along these lines by State and bureau workers in the West
and Southwest. The general conclusion from these investigations
was that lead arsenate and zine arsenite are the most satis?actory
arsenicals for the control of the Mexican bean beetle, these being
recommended as sprays.

INVESTIGATIONS OF 1921.

ARSENICALS.

The work for 1921 was therefore planned with a view to learning
what results could be obtained in tﬁe Southeastern States by these
sprays. A number of other arsenicals were also tried, chiefly calcium
arsenate and magnesium arsenate. A large series of experiments
was conducted with various dilutions of all of these arsenicals, both
as sprays and as dusts. After completing the first experiments, it
appeared as though lead arsenate and zinc arsenite were promising
materials, since check plats were totally destroyed and excellent
rotection was afforded treated plats. Experiments were continued,
1owever, and if was soon learned that the plant injury caused by
these arsenicals makes them hardly worthy of recommendation to
the grower, on account of reduced yields.

Different factors were found fo influence this plant injury.
Attention was called by Dr. William Moore, formerly of the Bureau
of Entomology, and C. M. Smith, Insecticide and Fungicide Lab-
oratory, Bureau of Chemistry, to the effect on lead arsenate of the
water available in the Birmingham district. Further experiments
were performed, and it was learned that lead arsenate is absolutely
unsafe for application to bean foliage, even with distilled water, or
diluted with hydrated lime and used as a dust. It was also learned
that zinc arsenite causes a serious reduction in yield, even though
the injury to the plant is not as noticeable as injury caused by lead
arsenate. Experiments proved that calcium arsenate is absolutely
unsafe for bean foliage without the application of an excess of lime
along with the material. These results were also obtained when the
materials were used as dusts.

Throughout all the experiments magnesium arsenate, a commer-
cial preparation which has not been generally used on account of the
injury to foliage of different kinds of fruit trees, was found to be safe
on bean foliage, even though used with the water of the district,
which is relatively high in soluble sodium salts. Under conditions
of severe infestation in 1921 unsatisfactory results were obtained
with dilutions of those arsenicals which were injurious to foliage in
the undiluted state.

Since magnesium arsenate is not generally available to bean
growers, and because of the fact that growers in the Southern States
were more familiar with dusting methods than with spraying methods,
a tentative recommendation was made that calcium arsenate of a
high grade be diluted with 9 parts of hydrated lime and be applied
to the foliage as a dust. The amount of arsenic in this mixture,
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however, was so low that entirely satisfactory results were not
obtained under conditions of severe infestation. Magnesium arsenate
was therefore recommended because it was the only arsenical known
which could be used without dilution and not cause plant injury.

OTHER INSECTICIDES.

Experiments were also conducted with materials other than
arsenicals. Nicotine dusts were thoroughly tried. Various strengths
of dust were used, ranging from 0.38 per cent nicotine content to
4 per cent nicotine content. The insecticidal properties of these
dusts against the Mexican bean beetle were nil.

A number of experiments were performed with pyrethrum powder,
used undiluted as a dust and combined with various diluents, such as
cornstarch and hydrated lime. Decoctions of pyrethrum powder
were also used. It was found that pyrethrum powder and certain
decoctions thereof were very toxic to the adult of the Mexican bean
beetle, less toxic to the larve, and almost ineffective against the eggs
and pupz. Because of the high cost of the material, however, and
the frequent applications required, pyrethrum is absolutely
impracticable for field control.

number of new compounds were tried in an experimental way
in cooperation with Dr. William Moore and C. M. Smith. While
some of these materials may be of value, not one of them has as yet
warranted recommendation over some of the better known available
arsenicals.
INVESTIGATIONS OF 1922.

The problem presented in the 1922 experiments in artificial control
was the use of an arsenical which would not be injurious to bean
foliage and at the same time would be sufficiently toxic to the Mexican
bean beetle to insure satisfactory control, the former requirements
being the more limiting.

Since magnesium arsenate and calcium arsenate with an excess of
lime were the most promising arsenicals tested in 1921, these, as well
as basic lead arsenate, were used on a larger scale than others.

A few experiments were performed with lead arsenate and zinc
arsenite in order to check the results obtained the previous season.
A number of other compounds were also the subject of experiment.

SPRAYING AND DUSTING MACHINERY USED IN EXPERIMENTS.

The power sprayer (figs. 11, 12) referred to is a 150-gallon capacity,
triplex-pump, high-pressure potato sprayer, equipped with a higﬁ—
speed 5-horsepower engine, and was used in experiments as a 4-row
sprayer, 3 nozzles per row, at 250 {JOU.I](IS pressure.

An arrangement was improvised to permit the driver to raise and
lower the boom with one foot when turning around or driving over
uneven places.

The wheelbarrow sprayer (fig. 13) is a 15-gallon capacity, hand-
operated outfit, capable of maintaining 150 pounds pressure at two
nozzles. It was mounted on a narrow slide and pulled by one horse.
Two men were required—one to pump and one to spray. The
arrangement of the nozzles on a U-shaped pipe attached to the spra
rod made it possible to spray a row at the speed the horse walked.
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The hand sprayer (fig. 14) referred to is 4 3-gallon capacity, com-
pressed-air type, which it is estimated produces Trom 40 to 65 pounds
pressure if pumped at intervals of 100 feet of row.

Fic. 11.—Power sprayer used in experiments against the Mexican bean beetle, showing arrangement
of nozzles and device for raising the boom.

The knapsack type of hand bellows duster used is illustrated in
Figure 15. The power duster used is shown in Figure 16.

Fig. 12.—8praying beans for the Mexican bean beetle with a power sprayer, This machine may
be adapted to spray 8 rows at once,

EXPLANATION OF TABLES.

Table 9 gives only the results of the experiments performed with
the arsenicals commercially available, arranged by experiments
chronologically. Table 12 gives results of dusting experiments,
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arranged by insecticides. Table 13 gives results of spray experi-
ments arranged by insecticides. The infestation was not as severe
as in 1921, and comparisons between experiments must take into
consideration the degree of infestation.

Fii. 13.—Spraying beans against the Mexican bean beetle with a wheelbarrow sprayer mounted
on a slide.

In comparing results with different insecticides, the plant-injury
factor as well as the insect-control factor must be taken into con-
sideration. The plant-injury factor is apparent in yields harvested

F16. 14.—Spraying small field beans with a hand sprayer to control the Mexican bean beetle.

when infestation is light, but in some cases does not show, except by

comparison, when yield is heavy. The notes taken during the experi-

ments showing observations of visible injury give very accurate data
80333°—247——3
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on this point. This is shown in experiments performed under
conditions of light infestation, with the possible exception of the
zinc arsenite experiments. Injury by this insecticide is not easily
estimated by observation. When' infestation by the Mexican bean

Fia, 15—Dusting beans with a knapsack bellows type of duster.

beetle is light, variations in yield are attributed to insecticide treat-
ment, which often causes a decrease in yield. Each experiment must
be compared with check plats and other plats tested at the same
time, because of wvariations in land, season, and climatic factors.

Fis. 16.—Power duster used in experiments in control of the Mexican bean beetle.

Under typical conditions in the Southeast, summer crops of bush
beans do not produce well.

In experiments where injury from treatment was serious, beetle
injury would not be estimated.
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In dust experiments, treatments in some instances followed closely
on account, 0% frequent heavy rains.

In experiment 1(c) the pulverized stone lime was not ground suffi-
ciently to obtain a good application, and the amount applied was
therefore excessive, as much dust fell to the ground.

The per cent of reduction in yields due to treatment, with the check
plat as the basis, does not take into consideration bean beetle injury
to the check, for in all experiments where this calculation is made
Epilachna injury did not reduce yields to a very great extent. The
insecticide injury as affecting yields therefore is shown rather lower
in this column than is ac*t-uaﬁy the case, for there is no way of accu-
rately determining the reduction in yield in the absence of insect-free
checks.

Check plats, except in a very few instances, were of the same size
as the treated plats. In some cases two check plats were used, each
the same size as the treated plats.
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MAGNESIUM ARSENATE.

Magnesium arsenate has proved to be the least toxic to the bean
plant of all the materials tested, and it is at the same time toxic to
the bean beetle. For two seasons no appreciable injury has resulted
from its use in 134 treatments in the field.

As a spray at 2 pounds per acre with caseinate of lime, it has given
excellent control. Rain water is not necessary; well water and
water from streams do not cause injury to foliage, even though the
content of sodium salts is relatively high. When magnesium arsenate
was used, increases in yields generally resulted, but slight reductions
i)_(:(furred in a few experiments when bean beetle injury was very
1ght.

Experiment 6 (Table 11) gives a good idea of the merits of this
material in comparison with zine arsenite and basic lead arsenate,
and the relative merits of the latter in comparison with calcium
arsenate are shown in experiment 7 (Table 11). The check plat in
experiment 6 was completely destroyed, while the adjacent plat
treated with magnesium arsenate remained green and bore a good
crop. (Pl. XII, 4, B.)

Magnesium arsenate is also safe for use as a dust. On account of

oor physical properties it should be diluted with from 1 to 5 parts of
1ydrated lime, depending on the infestation. Further work with
this material as a dust is necessary.

This arsenical, as at first placed on the market, was very high in
water-soluble arsenic content, but the method of manufacture has
been improved and all the results reported herein were obtained with
a hifh grade of material which did not exceed 0.13 per cent water-
soluble arsenic content, expressed as metallic arsenic. The toxicity
of this material to the Mexican bean beetle compares very closely
with that of calcium arsenate. Caseinate of lime as a spreader,
added at the rate of half as much by weight as the arsenical, may be
used with this material when applied as a spray.

BASIC LEAD ARSENATE.

Basic lead arsenate is probably the safest commercial material
for use on bean foliage WLGII mixed with rain water. It does not
cause injury to foliage when used as a dust. Its low toxicity to the
bean beetle makes it very undesirable. In one instance 90 per cent
of the field treated with this material was destroyed, and could
hardly be distinguished from the untreated field. Laboratory-
prepared material gave similar results. In other instances, under
conditions of light infestation, this material gave sufficient protection
and yields were notably increased. 1In one experiment this material
was used at the rate of 4 pounds per acre, as a spray, without injury
to the bean foliage. Further experimnents are necessary to determine
the degree of control which can be obtained at this rate of application.

Basic lead arsenate is the commercial basic lead arsenate such as
is used in certain districts of California, and is termed *“4, 1, 3, 1-lead—
hydroxy arsenate, Pb, (PbOH) (AsO,),, H,0” by MecDonnell and
Smith.?

o Jour. Amer. Chem. Soe., vol. 38, No. 10, October, 1916, p. 2050,
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ZINC ARSENITE.

The two commercial grades of zine arsenite experimented with
the past two seasons are unsafe for use on bean foliage. Zinc arsenite
does not appear to be as injurious to bean foliage as lead arsenate.
The injury to the bean plant is different from that caused by other
arsenicals, as burning of the foliage does not always result, but the
plant is visibly stunted, the color of the foliage turns darker green,
and the leaves show a tendency to curl.

Used as a spray at 14 pounds to the acre, reductions in yield below
those of check plats were obtained. Under conditions of severe
infestation, excellent insect control is apparently obtained, but
treated fields do not yield well. On account of the particular type
of injury to the crop from use of this arsenical, the injury is likely
to be overlooked and the arsenical rated too high unless accurate
records of yields are obtained.

Only one experiment was performed with this material as a dust
during 1922. Diluted with hydrated lime, plant injury can be
reduced, but this material is inferior to calcium arsenate and magne-
sium arsenate on account of toxicity to foliage. It is also physically
inferior to caleium arsenate for dusting.

CALCIUM ARSENATE.

Caleium arsenate or arsenate of lime is extremely toxic to bean
foliage. Injury to foliage when used as a dust ranged from 60 per
cent to no injury, depending to a great extent on the degree of
dilution with hydrated lime. Reductions in yield oceurred in much
the same order. It is certain that calcium arsenate can not be used
as a dust stronger than 1 to 5 parts of hydrated lime, and that
appreciuhle injury may result in some cases with this dilution.

This insecticide is the most desirable for dusting, from the stand-
point of physical properties.

Sulphur as a diluent appears to have a slight beneficial effect in
reducing plant injury, but not enough to make calcium arsenate
safe at stronger than the 1-1-4 dilution shown in the next paragraph,
and foliage injury occurred in two experiments to the extent of 10
and 20 per cent, respectively. The beneficial action of sulphur is
even less noticeable when calcium arsenate is used in greater propor-
tions.

Ixcellent results have been obtained with a mixture devised by
Dr. F. L. Thomas, of the Alabama Agricultural Experiment Station,
(*.nm]}rising I part of calcium arsenate, 1 part of superfine dusting
sulphur, and 4 parts of hydrated lime. Shght injury, however, has
oceurred under certain conditions with this mixture. Where this
oceurs, it is suggested that the hydrated lime content be increased.

Diluted with 9 parts of hydrated lime, the high-grade calcium
arsenate used has }ur two seasons been found safe on bean foliage.
Only one instance of injury to foliage occurred, and that only 10
per cent. Further comparisons between this cheap mixture of
materials, available to most growers, and the more expensive sulphur
mixture are necessary. The slight advantage of this mixture over a
1 to 9 hydrated lime mixture does not warrant the extra expense,
where growers have to purchase this mixture already prepared,
since the price is from 2 to 4 times as high per unit of arsenical as
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a home-mixed material. Where dusting sulphur is available, it
is recommended that the grower obtain the ingredients and mix
them himself.

Used as a spray, calcium arsenate is unsafe without an excess of
lime. At the rate of 1} pounds per acre, with 3 pounds of rock
lime freshly slaked, or hydrated lime, it is comparatively safe. In
two experiments no plant injury occurred, and excellent control was
obtained. In experiment 1(a) (Table 11) 30 per cent of foliage
injury occurred, however, and it should not be used when magnesium
arsenate is available. In experiment 7 results identical with those
following the use of zine arsenite were obtained.

The calcium arsenate used in all these experiments was of the very
highest grade. The water-soluble arsenic content of this material
did not in any case exceed 0.13 per cent, expressed as metallic arsenic.
Inferior grades of this compound should be very cautiously applied.
The bean plant is more susceptible to arsenical injury than the
cotton plant, and grades suitable for cotton dusting may not be
suitable for use on beans.

LEAD ARSENATE.

For two seasons lead arsenate proved too injurious to bean foliage
to warrant its use in the Southeastern States. Under conditions of
severe infestation, the protection afforded the foliage is sufficient
to make it appear that good results are obtained, but the arsenical
injury is serious enough to reduce greatly the normal yield.

Injury to foliage from lead arsenate used as a dust ranged from
60 per cent with the material undiluted to 15 per cent when diluted
with 9 parts of hydrated lime. The reduction in yield ranged from
59 to 15 per cent below untreated checks which were injured by
the bean beetle from 25 to 70 per cent. Slight increases in yield
resulted from treatment under conditions of medium and heavy
infestation when injury by the bean beetle to untreated checks was
35 to 70 per cent. The previous season this material was even more
injurious, and experiments were therefore reduced during the second
Season.

Injury to foliage from lead arsenate as a spray at 2 pounds per
acre ranged from 25 to 40 per cent when rain water was used, and
from 15 to 65 per cent when water from a stream was used. A
reduction of 31 per cent in yield occurred under conditions of medium
infestation when the untreated check plat was injured 40 per cent
by the bean beetle. It is quite possible that lead arsenate can be
used more successfully in the North when the beetle reaches that
section, but in the Southeast it is unsafe. Rain water should be
used in sections where the water contains soluble salts which de-
compose lead arsenate and cause an increase in soluble arsenic.

Lead arsenate corrected with zine carbonate, according to sug-
restions from Dr. William Moore, may probably be used success-
fully on beans. Additional work on this point is necessary.

This arsenical is more repellent to the adult bean beetle than
magnesium arsenate, zine arsenite, or calcium arsenate.

The lead arsenate referred to is a good grade of the commercial
lead arsenate, or di-lead arsenate, which is termed * dilead ortho-
arsenate, PbHAsO | by McDonnell and Smith.™

1o Jour. Amer. Chem. Soc., vol. 38, No. 10, October, 1916, p. 2030,
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USE OF SPRAYED BEANS AS FOOD.

For two seasons beans treated with arsenicals have been analyzed
for arsenical deposits. In no case has the amount of arsenic per

uart of green snap beans as picked approached the point where
there is any danger whatever from consumption of even this amount.
Snap beans which have been treated should be washed in two changes
of clear water before marketing to safeguard against any difficulty
from this source. In accordance with ordinary cleanliness, beans
should be thoroughly washed before cooking. There is not the
remotest danger from dried beans. Bean-vine hay which has been
treated with arsenicals must not be fed to stock.

COST OF TREATMENT.

Computations of the cost of treating an acre of beans, from records
obtained on the experimental plats, give results as follows: Spray-
ing costs from $4 to $8 per acre, depending on the costs of arsenicals
and type of machine used; dusting costs from $4.50 to $12 per acre,
depend]i)zlo' chiefly on the prices of arsenicals and the type of machine
used. These figures are based on four treatments of bush beans
drilled in rows 3 feet apart.

In these calculations, man labor is figured at 20 cents per hour
and horse labor at 10 cents per hour. Where labor is higher,
calculations may be made to suit conditions. From 4 to 8 hours
are required to spray an acre of bush beans with a small hand sprayer,
depending on the size of the beans. The wheelbarrow sprayer
mounted on a slide and drawn by a horse requires the time of two
men and one Lorse for 3 hours. The power sprayer requires two
men and two horses for one-half hour each. The hand duster
requires one man for 24 hours. The power or traction duster requires
25 minutes time of one man and two horses, but this may be reduced
onlarge acreages. Time of refilling machines is included n the above.

DISCUSSION OF ARTIFICIAL CONTROL.

Sprays, compared with dusts, have given consistently superior
results for two seasons.  Much of the difficulty with dusts is traceable
to the manipulation of dusting machinery, which is not at present
as suitable for treating the under surfaces of leaves on low crops as
spraying machinery.

With the perfection of dusting machinery and methods of applica-
tion, dusting will probably become a more desirable farm practice
in many cases than spraying. Where growers are equipped with
machinery for spraying, and are so situated that water can be
casily obtained, better results will be obtained by this method.
Spraying is not so dependent on weather conditions as dusting, since
the adhesion of the spray to the leaf is greater and the material is
not washed offl the leaves by rains as easily as is the case with the
dust. Again, spraying can be done under atmospheric conditions
which are unsuitable for dusting. In many cases t-]his makes it pos-
sible to obtain better control with one or two fewer applications of
sprays than of dusts. The amount of the arsenical required per acre
is of course much less with spraying than with dusting, and in view
of the increasing price of arsenicals this factor is becoming more and
more 1mportant.
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Spraying has certain disadvantages, compared with dusting.
Initial expenditures for equipment are greater in some cases, and
more time per acre is required on account of refilling the machine,
preparing the spray, and cleaning the nozzles.

Spraying has the distinet advantage that it makes the most efficient
and economical use of magnesium arsenate, which is not especially
adapted to dusting.

Magnesium arsenate has been found by several investigators to be
injurious to the foliage of fruit trees. It will not, therefore, fill the
place of an arsenical for general use. A high-grade material, however,
will undoubtedly be safe for many uses.

Because of the availability of calcium arsenate and its superior
dusting properties, it will be much used, and is recommended as a
dust where no better material is at hand. Only a very high grade
should be employed, and it should not be stronger than 1 to 9 parts
of hydrated lime (or plasterers’ lime).

When fine dusting sulphur is available, the 1-1-4 mixture of cal-
cium arsenate, dusting sulphur, and hydrated lime is recommended.
If injury to foliage results, the hydrated lime content should be
doubled.

Lead "arsenate and zinc arsenite should never be used on beans
in the Southeast.

MIXING DUSTS.

Dusts may be mixed on the farm with very little trouble. Ingre-
dients should be weighed. Quantities up to 100 pounds may be
mixed with a steel drum which can be tightly covered. The drum
should be filled not more than two-thirds fulf, covered tightly, and
rolled about for a distance of approximately 50 feet. It should then
be tipped up on each end and this process of rolling and tipping
repeated 15 or 20 times. When ingredients are lumpy fromstanding,
they should be sifted through at least a 50-mesh sieve before mixing.
For large quantities, a ball mill or a baker’s sifter and mixer may be
used.

SUMMARY OF CONTROL RECOMMENDATIONS.

Magnesium arsenate, at the rate of 2 pounds to 100 gallons of
water, is an effective spray. Caseinate of fime as a spreader may be
used with this mixture at the rate of 1 pound to every 100 gallons
of spray. Using three nozzles to the row on bush beans drilled in
rows 3 feet apart, about 90 gallons of spray are required per acre with
a power machine drawn by a team. About 2 pounds of the poison
per acre is the proper dosage. Two nozzles should be directed to the
under side of the leaves, and a pressure of 150 pounds or more is
essential for good results. The nozzle over the top of the row need
not be used in cases of light infestation or when pressure can not be
maintained.

The spray should be applied when the eggs of the bean beetle
become numerous, usually when the beans begin to send out their
first trifoliate leaves; i. e., the third and fourth leaves.

Under conditions of heavy infestation four applications are neces-
sary at intervals of from 7 to 10 days. Spray may be applied until
the first bean pods are 2 or 3 inches long.

When spraying is impracticable, magnesium arsenate may be used
as a dust diluted with lII)‘OIIl 1 to 5 parts of hydrated lime, (?cpcnding
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on the numbers of beetles present and the damage done. Another
effective dust is composed OFEI. high grade of calcium arsenate diluted
with 9 parts of hydrated lime. A mixture of high-grade calcium
arsenate 1 part, fine dusting sulphur 1 part, and hydrated lime 4 parts
also is effective and may be substituteg for magnesium arsenate when
the ingredients are readily available to growers.

On bush beans drilled i rows 3 feet apart, dust should be applied
at the rate of 15 pounds or a little less per acre. Dust should be
applied when there is no wind blowing and to the under surface of
the leaves. Dew is not essential, but best atmospheric conditions
usually occur when dew is on the plants.

On small plantings up to 3 acres in size a knapsack type of hand-
bellows duster with tube attached to a flexible hose gives best results.
On larger plantings up to 5 to 10 acres, a 2-row duster with nozzles
arranged to direct the dust to the under surface of the leaves should
be used. One dusting to the row is sufficient except in very heavy
infestations, when each row should be dusted from both sides. On
larger plantiags a power or traction 4-row duster is necessary. Beans
shouldpbe planted in straight rows and at equal distances apart for all
control operations where two or more rows are treated at once.

Where the beetle is numerous, bush beans should be planted.
Pole beans mature too slowly and require too many applications to
make control practicable.

SUMMARY.

The Mexican bean beetle is the most serious insect enemy of edible
beans in the portions of the United States which it inhabits. It has
long been present in the Southwest, and within the last few years
has made its appearance in the Southeast. At the close of 1922 the
infestation included portions of seven States in that section, including
Alabama, Georgia, Kentucky, North Carolina, South Carolina,
Tennessee, and Virginia. It is spreading northward rapidly and, as
it is capable of long flichts, may, in the course of a few years, extend
its range over the whole central and eastern part of the United States.

The adult insect, or beetle, is copper-colored, bears eight black
spots on each wing cover, and is about one-fourth of an inch long.
The female lays orange-yellow eggs in masses of from 40 to 60 on
the lower surfaces of the leaves, and in from 5 to 7 days during summer
these hatch into small spiny orange-yellow larvee, which when full-

rown are about one-third of an inch long. The larval period is
rom 16 to 20 days long in summer. The larva transforms to pupa
on the lower surface of a leaf, or on near-by weeds or other objects,
and emerges as a beetle in 6 or 7 days, requiring in Alabama a total
from egg to adult of 27 to 33 days during summer.

The E%exican bean beetle is extremely prolific. A maximum of
four generations from first egg to first adult in each generation
occurred in 1921 and 1922; tghat is, the earliest progeny of each
generation was reared and four generations were produced. Two
generations annually, with a possible third, may be considered the
rule in the field, with the peak of the infestation during July and
early August.

The beetles and larve feed on the under surface of the leaves of
beans and other legumes, leaving a characteristic network of tissue,

80333°—247——4
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which soon dries. When beetles are abundant, beans are destroyed
in two or three weeks. Since the larva consumes relatively greater
uantities of leaf tissue than the beetle, the former is the more
estructive stage. In many sections of the South this insect has
destroyed entire bean crops in the last two years, and has caused
serious damage one year after it has reached a new locality.

Winter is passed by the beetle in woodlands or sheltered places
distant from the infested bean field; only a small proportion of over-
wintered adults remain in the field. They tendpto hibernate gre-
gariousl{'. Most suitable hibernation quarters in the Southeast are
on wooded slopes where accumulations of leaves or pine needles offer
protection and relatively constant moisture conditions.

The Mexican bean beetle, while primarily a bean pest, is able to
reproduce on beggarweed, cowpeas, soy beans, and a few other plants.

Nhere the bean beetle thrives, control measures are essential.

The bean plant is very susceptible to injury from arsenicals, and
care must be exercised in their use. Best results for its control have
been obtained with magnesium arsenate, applied as a spray at
the rate of 2 pounds to 100 gallons of water, or about 2 pounds per
acre, on bush beans drilled in rows 3 feet apart. This arsenical
is safe for application to bean foliage and at the same time is suffi-
ciently toxic to kill larvee and some adults. Caseinate of lime may
be used as a spreader at the rate of 1 pound to 100 gallons of spray.
About 90 to 100 gallons of spray are required per acre when a large
machine is used which directs three nozzles to each row. Two of
the nozzles should be directed so that the spray will reach the under
side of the leaves. The third nozzle should be directed to the tops
of the plants. While this third nozzle is not absolutely necessary,
best results have been obtained where three nozzles were used.
The spray should be applied at 150 pounds pressure or higher.

Where spraying is impracticable because of lack of water facilities
or for other reasons, good results may be obtained by the thorough
application of a dust consisting of 1 part of high-grade calcium arsenate
and 9 parts of hydrated lime. On small acreages a knapsack bel-
lows duster with a spout attached to a flexible hose is satisfactory.
This dust should be applied to the under side of the leaves at the
rate of about 15 pounds per acre. Similar results have followed
the use of a mixture consisting of 1 part of dry calcium arsenate, 1
part of fine dusting sulphur, and 4 parts of Ky{h‘uted lime. Dust
mixtures can be prepared on the farm more economically than they
can be urchasocf '

Heavily infested fields should be plowed under as soon as the crop
is picked. The grower should not plant more beans than he can
treat properly. Treatment should begin as soon as the eggs of the
bean Leetle become numerous, usually at about the time the third
true leaf appears on the plant. From one to five applications are
i'lequircd, epending on the degree of infestation, whether light or

eavy.
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DaMAGE DoONE BY THE MEXICAN BEAN BEETLE

A, Field of pole Lima beans destroyed, Birmingham, Ala., 1922; B, bush Lima beans destroyed,
Birmingham, Ala., September, 1921
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ApuULTS, LARVAE, AND PUP£ OF THE MEXICAN BEAN BEETLE

A, Adults and fourth-stage larveae on a bean leaf; B, pups and pupal skins on a bean pod.
Considerably enlarged
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Pups OF THE MEXICAN BEAN BEETLE

A, Pupe on a wild morning-glory leal from bean field, about twice natural size; B, pups
on a weed from a bean field, about one-halfl natural size
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STAGES OF THE MEXICAN BEAN BEETLE

A, Adult; B, egg mass; €, four larval staves; D, pura; F, adults shortly after transformation
from pupe. All slightly over four times natural size
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LARVAL FEEDING OF THE MEXICAN BEAN BEETLE

A, Bush bean plant destroyed by larvee; B, bean leal showing
characteristic feeding
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DESTRUCTION OF BEANS CAUSED BY THE MEXICAN BEAN BEETLE

4, Beans destroyed by Mexican bean beetle (note contrast with younger heans not destroyed,
to the left); B, same field as shown in A after rain and wind had beaten leaves {rom plants



Bul, 1243, U, S. Dept. of Agriculture PLATE VII

WoRK oF THE MExIcaAN BEAN BEETLE ON COWPEA

A, Voluntary larval and adult feeding on cowpea; B, beetles feeding on cowpea leaf
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WORK OF THE MEXICAN BEAN BEETLE ON OKRA AND SOYBEAN

A, Okra leaf, taken in field, showing beetles and laryge feeding; B, soybeans injured by feeding
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WORK oF MEXICAN BEAN BEETLE ON ALFALFA AND CLOVER

A, Voluntary feeding on alfalfa; B, voluntary feeding on white clover
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R

HIBERNATION OF THE MEXICAN BEAN BEETLE

4, Woods in which Mexican bean beetle was found hibernating in colonies; B, Mexican bean
beetles hibernating gregariously in woods under pine straw and oak leaves. B was taken
after pine branch shown in foreground in A was removed



Bul. 1243, U, S. Dept. of Agriculture PrLaTte XI

ENEMIES OF THE MEXICAN BEAN BEETLE

A, Phorocera claripennis, a native tachinid parasite of the larger larvme of the Mexican bean
beetle, > 24 R, eggs of Phorocera claripennis on fourth-stage larva, X 6; ¢, corn ear-
worm feeding on pupa of Mexican bean beetle, X 4
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BENEFICIAL EFFECT OF SPRAYING FOR THE MEXICAN BEAN BEETLE

A, Untreated check plats of beans destroyed by Mexican bean beetle alongside of plats treated
with magnesinm arsenate, used as a spray; B, same plats as shown in 4, one week later,
after leaves had dropped; sprayed beans to the left



