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INTRODUCTION

The Mexican bean beetle® 1s the most serious inseet enemy of beans
m the wfested districts of New Mexico. Although beans have been
grown by farniers in the foothills of the Estancia Valley for years, it
was not until 1914 that the first eomunercial plantings were made, at
whiceli tinie four carloads were produeed. During the World War
demands for increased production and the introduction of modern
farm machinery permitted the plantings to be increased to about
85,000 acres. The bean beetle inereased with the increase of com-
mercial acreage, and large acreages of heans were defoliated along the
foothills.  As the industry was threatened, an appeal to the Federal
Government was made for a study of the bean beetle in the valley,
and the writer was sent to Estancia, N.Mex., in the summer of 1923

T Acknowledgments are due Harry and Cecil Glover, of Tajique, and Rea Brown, of Estancia, who placed
their entire beau plantings at the disposal of the writer without compensation and cooperated hy furnishing
teains, tractors, and labor in applying insecticides and securing data on yields; L. O. Bachmann, who
operated thermograpls in the foothills west of Tajique and prepared, planted, and cultivated fields from
which infestation records were obtained; Frank Moore, who kindly threshed the 1930 foothill plats without
compensation; the U:S. Forest Service, especially the Manzano National Forest force, for permission to
ntilize certaln areas for hibernation studies and for help in various ways; the Santa Fe office of the U.S.
Weather Burean for meterological data; . B. Wiggins, field assistant, wlio rendered valuable assistance in
securing field data for 4 seasons; and farmers and hean-warehouse owners, who willingly placed at the
writer’s service every possible means to facilitate the investigatious.

1 FEpilachna corrupta Muls.: order Coleoptera, family Coceinellidae.
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to establish a field laboratory. This bulletin reports studies con-
ducted up to December 1931. The information is intended to
acquaint the agriculturists of the Southwest with the habits, life
history, and control of the Mexican bean beetle. ) )
This insect, presumably a native of Mexico, was first, described in
1850 from specimens collected there. The first authentic account in
agricultural literature of its presence in the United States was from
the Southwest in 1864 (1).* Evidently this beetle was a pest in the

FIGURE 1.—Injury to bean leaf caused by tbe feeding of larvae of the Mexican bean beetle. Slightly
enlarged (N. F. Howard).
Southwest years before, as beans were a staple food of the Indians
during the earlier days, and later of the Spanish Conquistadors.
In the ruins of prehistoric agricultural tribes are to be found varieties
of beans which have survived the race under whose husbandry they
originated. Through centuries of natural selection this insect has
produced a type eminently adapted to remain in hibernation through
the dry, liot period of spring and to emerge with the coming of the

3 1talic numbers in parentheses refer to Literature Cited, p. 45,
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summer rains. Its reproductive capacity makes this beetle a pest of
primary economie importance.

The Pinto bean (Phaseolus vulgaris) is the only variety of bean
grown commercially in the Estancia Valley and thercfore is the only
varicty worked with in the field.

CHARACTER OF INJURY

Injury to the leaves of beans both by the adults and by larvae of
the Mexican bean beetle is characteristic and distinet from that pro-
duced by other bean insects. They feed on the undersurface of the
leaves, and their feeding ean be distinguished as follows: The beetles
cat ragged holes through the leaf, but often do not cut through the
upper surface, leaving the larger veins and portions of the upper

FIGURE 2.—Feeding marks of the Mexican bean beetle on young green bean pods. Such feeding causes
deformity and dropping of the pods.

epidermis and giving the leaves a lacelike appearance. The larvae
cut away the lower surface of the leaf in narrow parallel strips about
the length of their bodies, leaving intact the upper surface, the larger
veins, and narrow linear strips of the lower surface. This results in a
peculiar network (fig. 1). At first the larvae feed in groups near the
egg mass but later become scattered as they crawl to other leaves in
search of more food. The more injured leaves dry up and drop from
the plant, while others, not completely skeletonized, hang dead on
the plant.

Although the insects feed chiefly on the leaves, all parts of the plant
above the ground are subject to attack. After destroying the leaves,
they will attack the green pods (fig. 2) and even the stems. When
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the insects are numerous, an injured plant presents the appcarance
of being completely dried out.

The primary causes of reduction in yield are the destruction of the
leaves and the injury caused through the eating of the blossoms and
the feeding on the youug pods, wlich results in deformity and drop-
ping. The pods that have been injured by being fed on become
water-sonked during rainy weather, and consequently the beans
becone discolored and are therefore of a lower grade. This deteriora-
tion often takes place after the beans liave been harvested and piled
in small shocks to cure before being tlireshed.

The extent of injury depends upon tlie number of insects per acre,
tlie time of thieir appearance in the field, the condition of the plants,
and seasonal variations. Under a heavy infestation complete defolia-
tion will result early in tlic season so that only a few pods will be pro-
duced per plant, provided nothing is done to prevent destruction

FIGURE 3.—Field of beans near Tajique, N.\lex., destroyed by the Mexican bean beetle.

(fig. 3). Defoliated fields are not harvested, as they will not pay the
cost of harvesting and threshing. One farmer who harvested a
devastated field got less than 18 pounds of beans per acre.

RELATION OF DEFOLIATION TO REDUCTION IN YIELD

Experimnents were undertaken to determine the relation of foliage
injury to decrease in yield. Areas were sclected where tlie soil was of
uniform character and wlherc the spacing of the plants was as regular
as occurs under mechanical planting. Eacli experimental plat con-
tained 13 rows, including 3 check or untreated rows, and each row
contained 20 plants. The plants in rows in the first series were
defoliated by hand on August 1, when the beans started blooming;
those in tlie sccond series were similarly defoliated on August 11; and
those in the third on August 21. The leaves of each plant were
counted and the desired number ramoved to give 10 pereent defolia-
tion or a inultiple thereof. Thus 10 percent of the leaves were
removed on tlie first row, 20 percent on the second, and so on until
100 percent defoliation was reached, as shown in figure 4. Care was
used to remove a fair sample of the diffcrent stages of leaf growth
at each defoliation.
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Figure 4 gives the percentages of foliage destroyed and the com-
bined yields of the three series. ~ In general, the results show that there
is a direet relation between defoliation and yield. The yield of beans
from the August 1 defoliation was 99.3 ounees, as compared to 131.4
ounces for the August 11 defolintion and 326.8 ounces for the August
21 defoliation. When considered separately, these and similar
experiments also showed that the carlier the defoliation, after the
plants start blooming and bearing, the greater the decrease in yield.

HIBERNATION

The Mexican bean beetle passes the winter in only the adult or peetle
stage. In the Estaneia Valley the beetles begin their fall migration
in search of suitable hibernation quarters in early September and
reach the maximumn flight during the latter part of September and the
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K16URE 4.—Reduction in yield of dry shelled beans from 13 rows, resulting from various degrees of hand
defoliation after blooming had begun. The figures in the bars indicate the percentage of leaves removed.

first part of October, depending upon seasonal variation, harvest of
bean plants, and killing frost. The findings here presented are the
results of a comprehensive study of the overwintering of the inseet
in the Estaneia Valley from 1923 to 1930, during which time 286,327
beetles were used in field-hibernation studies.

The Libernation eages used during these investigations were eon-
strueted of 2 by 4 inch lumber, and measured from 3 to 6 feet in
width, from 4 to 6 feet in length, and from 2 to 4 feet in height.
They were eovered with 14-mesh sereen wire, and had removable
tops (fig. 5). After the beetles had become dormant, the 14-mesh
screen wire tops were exehanged for 1-ineh mesh wire tops which per-
mitted snow to enter the cage and at the same time excluded intruders.
These tops were again exehanged before aetivity was manifested in
the spring. In this manner eonditions approximating, as nearly as
possible, those prevailing under natural hibernation were obtained.
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Three cages were located in the fir-spruce zone, 5 in the yellow pine
zone, 1 in the pinyon or nut pine forest zone, and 3 in the grama-
grass association.

These studies show that the character of the hibernation material
lLas an important cffect on the successful overwintering of this insect.
Suitable material is one that permits beetles to enter and cmerge
readily, and at the same time protects them froin rapid changesand low
temperature. The material must also retain moisture and prohibit
too rapid drying out. Oak leaves and pine necdles, alone or in combina-
tion, wlen lying in well-protected places under good drainage condi-
tions, are the most favorable materials. Compact materials such as
fir, cedar, and pinyon needles are unsuitable, as beetles are unable to
enter them. Weeds are the most unsatisfactory material found, as
they permit rapid changes in temperature and moisturc. Russian
thistle (Salsola pestifer) is the most abundant and widely distributed

FiGure 5.—Type of hibernation cage used in studies of the Mexican bean beetle. The self-recording
;\l']eagher instrument is in the white box above the cage and the rain-gage stand is just back of the lock on
e door.

weed in the Estancia Valley. When 1nature, it breaks off at the
surface of the ground and rolls before the wind.  These weeds finally
lodge and pile up along fences where they break the force of the
wind, which deposits a large quantity of sand and dust on the leeward
side of the fence. This accumulation continues until the fence is
covered with wind-blown sand. This condition alone prevents the
successful hibernation of the beetles along fence rows in the valley.

Figurc 6 shows that on February 10, 1929, the air temperature
decreased to —27° F. at Estancia, as compared with a temperature
of 25°, under a 6-inch blanket of snow in the hibernation material of
oak leaves and pine needles in a near-by cage, as registered by a
distance thermograph. At the same time temperature in the hiber-
nation material in an adjacent cage, where Russian thistles were used,
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decreased to —1°. This demonstrates that weeds hold the blanket
of snow off the ground, permitting the temperature to fall below the

killing point.
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FI1GURE 6. —Temperature records for the week ended February 11, 1929, at Estancia, N . Mex., showing the
comparison between air temperature and the temperature of the hihernation material used by the Mexican
bean beetle. Oak leaves and pine needles were the hibernation material in the upper record {A) and
Russian thistles in the lower (B). The solid line indicates the air temperature and the dotted line that of
the hibernation material.

FicURE 7.—Mexican bean beetles hibernating in oak leaves and pine needles (N. F. Howard).

The evidence secured in these investigations shows that the over-
wintering of the beetles is confined primarily to the yellow pine forest
zone and that conditions become more favorable where oak trees are
found in the association, as shown in figure 7,
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The sketell map of the valley (fig. 8) shows that thie vellow pine
forest zone oceurs only along the western edge of the valley, and
that therefore the valley has a l-way invasion of overwintered
beetles. A study of the arrival in the fields early in the season
confirms this statement, as the first overwintered beetles are found
in the foothill-canyon fields, from which they later migrate down
the eanyons into the valley. This point has been checked by the
use of marked beetles that were liberated in the heads of the canyons
and later recovered in fields lower down. Also, the beetles are
more numerous and the damage greater along the western foothills,
east of the Manzano Mountains, than out in the valley.  The Mexiean
bean beetle is not a serious major pest in areas remote from suitable
hibernation quarters, as in the eastern part of New Mexico. There
are a number of areas in New Mexico that have a T-way infestation.
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F1aURE 8. --Sketch map of the Estancia Valley showing plant communities.

Stacks of bean hulls (fig. 9) do not furnish ideal hibernation quarters
for the bean beetle, as only the top layer receives moisture, whichis
essential for overwintering. Long periods of drying out are fatal.
These stacks are usually consumed by hvestock during the winter,
although a few are not utilized for several years. No initial infesta-
tion has been traeed to these stacks. What few beetles reinain in the
shoeks at threshing time are usually separated out with the dirt, and
very few, if any, are blown into the stack of hulls. )

The effeet of climate on the overwintering of this inseet has heen
studied for 7 years, with a view to determine the relation of weather
to winter mortality. Mild or severe winter temperatures seem to
have no correlation with winter survival. Some of the severe winters
have been favorable for the overwintering of the inseet. The primary
reason for this is that the beetles overwinter in the yellow pine forest
zone which covers the higher rolling hills and the lower and drier
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slopes of the inountains, and during periods of below-zero weather the
ground is usually eovered with snow, whieh proteets the beetles from
a [atal temperature by its insulating qualities. The preferred biber-
nation material also acts as an insulator. The indieations are that
preeipitation is the major lactor affeeting survival from hibernation
and that as the temperature decreases so do the moisture requireinents
of the beetles. Apparently the seasonal distribution of moisture is
more important than the quantity. Aecording to the available evi-
dence, the spring is the eritical period during hibernation when periods
of excessive rain and heavy, wet snowfalls followed by eloudy condi-
tions occur or prevail.  Damp or rainy weather, however, is favorable

B ﬁr-\_z _- “ =

Flourk 9.—Stack of bean hulls, worth about one half the value of alfalfa as feed for cattle

to the parasite Tungus Sporotrichum globuliferwm, which may cause a
high death rate among the overwintering beetles.

EMERGENCE FROM HIBERNATION

The emergence of the beetles from the hibernation eages was studied
at the same time, and some of the data obtained are given herewith.
The experiments were carried on in the foothills west of Tajique.

The cages utilized in the emergenee studies were located in the
vellow pine (Pinus ponderosa) forest zone that covers the higher
rolling hills and the lower and drier slopes of the Manzano Mountains.
The loeations of these cages represented a typieal eross section of the
natural hibernation quarters.

In the fall of 1925, 5,000 beetles were placed in cages 5 and 7.  Into
cage 6, 1,500 beetles were introduced. In the fall of 1926, 10,000
beetles were placed in ecage 5, 15,000 in cage 7, and 5,000 in cage 8.

175214733
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All the beetles were collected in the irrigated arca near Hoehne, Colo.,
and in the Rio Grande Valley, north of Albuquerque, N.Mex.

The temperature reeords used in this connection have been eompiled
from the meteorological records of a cooperative observer of the United
States Weather Burcau at a station located near Tajique, 3 miles
northeast of the location of the foothill experiments. The locations
of the weather station and of the Tajique Canyon eages are very
similar in regard to exposure, topography, drainage, and enviromment.
The prempltatlon data were obtained from rain gages elose to the
different cages in order to insure aceuraey (fig. 5).

Examinations of the cages were made as often as time and other
conditions would allow; usually daily, or at least every other dayv,
during the emerging season. After emergence became general the
active beetles were removed from the cages when e\amumtlom were
made, and the numbers thus removed were used in eomputing the
pereentages given in the accompanying tables.

During the scason of 1926 the first emergenee in the foothills was
on Aprll 8, when 5 adults were found on the sereen in eage 8. These
beetles later reentered the hibernation material. Emergence occurred
again on May 2 and continued irregularly until July 30. This emer-
genee period extended over 89 days and was very general and intensive
for several weeks in the yellow pine forest zone. The greatest number
emerged in cage 7, at an elevation of 7,000 feet. During the period of
12 days, from June 27 to July 8, inclusive, 1,171 out of 1,812 beetles,
or 64.62 percent, emerged 1n this cage. During the same period 645
beetles out of 1,112, or 58 pereent, emerged in eage 5, at an clevation
of 7,050 fect. In table 1 it will be noted that during the period from
June 24 to July 7, inclusive, the total emergence was 1,913 beetles
out of 3,263, or 58.63 percent. Table 1 also shows that the periods
and peaks of emergence from cage 6, within one half mile in the same
canyon, vary from the other two, owing to differcnees in local
conditions.

TaBLE 1.— Emergence of the Mexican bean beetle from hibernation in cages 5 and 6,
at an elevation of 7,050 feet and from cage 7 at an elevation 7,000 feet, during
1926, Tajique, N.Mezx.

Average Beetles emerging from-
mean _ Total
Week ended tempera- ﬁgﬁ%‘;" emer-
tgéflé‘é' [ Cages | Cage6 | Cage7 | Beoce
°F. Inches | WNumber | Number | Number | Number
48.8 0.48 0 1 1 2
42.8 .64 0 0 0 0
52.0 .01 1 0 5 6
56.8 ) .55 12 8 41 61
55.1 71 17 0 ‘30 47
59.1 .29 80 12 57 | 149
59.9 .41 206 86 186 477
59.9 25 95 32 150 277
63.9 22 391 46 | 548 985
62.3 26 254 77 597 928
60. 4 30 47 43 166 256
63.7 LT i 4 17 22
60. 6 L70 9 30 14 53
63. 6 0 0 0 0
__________ . 1,112 339 1,812 3,263
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In 1927 the first beetles emerged in the foothills on April 2, when
two adults were noted crawling over the hibernation material in cage
7. These beetles later reentered hibernation. This appearance and
disappearanee eontinued at intcrvals until May 3, after which the
active beetles were removed from the eages as they emerged. Start-
ing on May 3 and continuing until August 6, this emergenee extended
over 95 days, with two short periods of intensive emergenee.

The first intensive emergence oecurred from June 14 to 17, inelu-
sive, and the seeond from June 29 to July 1, inelusive. During the
first period of 4 days 1,938, or 33.54 percent, emerged, and during
the second period of 3 days 932 beetles, or 16.13 pereent, emerged.
On June 16, 1,126 beetles, or 19.49 pereent, were removed from the
cages. This represents the emergence for June 15 and 16, as no re-
moval was made on the 15th, as shown in figure 11. During the
week ended June 18, 2,228 insects, or 38.56 pereent, emerged, as
shown in table 2.

TaBLe 2.— Emergence of the Mexican bean beetle from hibernation in cage 5, at an
elevation of 7,050 feet, cage 7, al an elevation of 7,000 feel, and cage 8, at an eleva-
tion of 6,975 feet, during 1927, Tajique, N.Mex.

I

Average | Beetles emerging from— Total

mean s ota

Week ended tempera- Pt;et?gg emer-

t;)l(l:rei é‘(’{ Cage5 | Cage7 | Cageg | FeNC®

° F. | Inches | Number | Number | Number | Number

May 7. . . 53.8 0 21 1 1 48
May 14_____ - K 48. 8 .21 18 5 0 23
May 21 60.8 12 39 37 3 79
May 28 - 51.2 0 12 20 0 32
June 4.. 3 57.1 0 4 14 0 18
June 11 59.7 .18 52 39 9 100
June 18 __. -- 53.6 163 1, 305 656 267 2,228
June 25 . . 61.6 .00 255 322 66 643
July 2 60. 9 L8 | 426 609 77 1,112
July 9 R 62,9 .03 366 253 23 642
July 16 R - G5. 4 .20 194 255 33 482
July 23 - 65.6 .02 24 42 13 79
July 30 - - e 63. 5 1.7 113 153 21 290
Aug. 6. - - - 4.9 141 0 2 0 2
Total. . - PR - 2,829 2,433 516 | 5,778

Collections from the hibernation cages during 1926 and 1927 are
shown in figures 10 and 11. The emergence from the cages is sum-
marized in tables 1 and 2. The rates of emergence from the eages are
very similar and in general the beetles respond to the precipitation
stimulus (3).

Table 3 shows by comparison that rainfall is the greater of the two
stimuli influencing the emergence of the bean beetle from hibernation,
especially after the mean temperature has reached 50° F. Emergence
occurs at much lower temperatures during periods of rainfall, but the
beetles resume hibernation after the rain ceases. Local showers
during the heat of the day bring more beetles out of hibernation than
would the same rainfall at & lower temperature. Loeal rainfall over
one canyon area has no effect on the inseets about to emerge in
adjaeent canyons. It has been noted that whenever heavy rains are
preceded by hot, dry weather, the majority of the beetles emerge
within a period of a very few days.
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Figures 10 and 11 show that in gencral the greatest numbers of
beetles emerge on days when precipitation occurs and that the num-
bers decrease as the hibernation material dries out. The effect of
the combined factors of temperature and precipitation is best illus-
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FicerE 10.~Graph showing colleetions of beetles from cages 5, 6, and 7, located in the yellow pine forest
zone, the Mexican bean beetle’s natural liibernation quarters, during the emergenee season of 1926, with
concurrent precipitation and temperature.

trated by the data in these graphs, which show a definite relation
between rainfall and emergence, and that the intensity of emergence
is governcd by the temperature. The indications are that rainfall
starts the emergence and favorable temperatures prevailing during
the period of precipitation or subsequent thereto act as an accelerator.
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As further evidence (table 3), in cage 5, at an elevation of 7,050
foot, the greatest number of beetles emerged in 1925 on June 10,
when, within a period of 5 hours during an experiment in which
water approximating 1% inches of precipitation was sprayed into the
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FIGURE 11.—Graph showing collections of beetles from cages 5, 7, and 8, located in the yellow pine forest
zone, the Mexican bean beetle’s natural hibernation quarters, during the emergence season of 1927. The
exceptionally high bar represents the emergence of 2 days. Concurrent precipitation and temperature
records are also shown.

cage, 64 beetles, or 49.23 pereent, emerged. On May 10, 1928, a
roof was placed over cage 6 and the sides sereened with muslin to
keep out all precipitation during the cmerging season. On July 31,
1 inch of water was spraved into the eage, and within 2 hours 72
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beetles, or 58.53 pereent, responded to the stimulating effeet of
contaet moisture. ) )

Figures 10 and 11 and tables 1 and 3 all show that there is a definite
relation between preeipitation and emergence of the bean beetle from
hibernation and that the percentage emerging is directly influenced
by the temperature during the period of rainfall.

TaBLE 3.— Emergence of the Mexican bean beetle from hibernation or. some of the
hottest and wettest days, Tajique, N.Mex., 1924-30

Temperature |
Precipi-
Cage no. Date Maxi- | Mini- tation | Beetles emerging
mum 4 mum Mean
PR . _— — [———— Ll -
1924 °F, °F. °F. ! Inches ~ Number l Percent
7. .| June 17 86 | 48 67 0 3 0.23
June 24 85 50 67.5 0 8 .61
July 1. . 76 44 60 1. 10 428 32.82
July 2. 67 | 50 58.5 18 199 15.26
|
1925 |
7 : June 14 79 55 67 | 0 0 0
June 27 79 52 65.5 0 1 .27
5 June 10 73 44 58. 5 11.25 64 49.23
7 July 5. 7 50 62 ] .31 92 25.34
July 6. . 8 48 63 .06 | 42 | 11.57
1926 i
7 - June 30_ ry 83 50 66. 5 .16 | 297 16.39
July 2. B 84 52 68 | 0 36 1.99
July 6___ - 74 47 60. 5 | .21 283 15.62
1927
[ June 10.. . 80 48 64 0 4| .01
June 16_ 69 39 54 .22 608 | 21.47
June 27___ | 79 49 64 0 5 .02
1928
5 July 3 B 84 60 72 0 0 0
July 7 81 61 71 0 0 0
July 10. 80 47 63.5 11 33 44.00
[ - July 31 76 48 62. | 1100 72 | 58,53
1930 ] i
Y .../ June2y.._ . 86 55 70.5 0 [ 258 .64
July 2. 85 56 70.5 | 0 44 113
July 4. E— 81 50 65.5 .24 511 11.76
| July 11_. - 75 52 | 63.5 ] 2.2% | 569 13.10
|
t Artificial precipitation. 2 Rained late the preceding afternoon.

APPEARANCE IN THE FIELD

Merrill (6, p. 6) states: “Adult individuals of the bean beetle that
have passed the winter sueeessfully appear on the bean plants rather
late. In the Mesilla Valley one finds them in small numbers after
the first week in June.” Chittenden (2, p. 7) makes the following
statement: “It is somewhat remarkable that the beetles remain in
hibernation during the last days of May and the first half of June
when high temperatures, from 90° to 95° F., often prevail.” List
(5, p. 14) says:

They begin to disappear for hibernation in the fall as soon as frost injures
their food plants and no more activity is shown until in June when they suddenly
appear. It is rather unusual that they remain in hibernation until so late as
many days of high temperature are experienced and early beans are often in
bloom before they are seen.

The mystery of the late appearanee of the beetles has been explained
by studies on emergence which showed that rainfall is the stimulus to
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emergence, especially after the mean temperature has risen to 50° F.
Summer rains do not generally occur until late in the season, and
therefore the beetles do not enter the fields until rather late.

Data upon the emergence of the beetles from natural hibernation
were obtained in 1930 by recording the increase of beetles in fields
located in canyous nearest tlie mountains where the natural hiberna-
tion quarters were located. Field 1 (one third acre) was located in
Tajique Canyon, and field 2 (1,200 feet of row) was located in the
fork of Canyon de la Mula and Afuera Canyon, both fields being near
the lower edge of the yellow pine forest zone. The weather instru-
ments were located about 1 mile above the former field, whereas the
set-up was about one half mile down the canyon from the latter, and
does not give a true picture of the rainfall occurring over the hiberna-
tion area of that field.

Figure 12 shows that the first beetles of the season were recorded
in field 1 on June 2, 1930. A rain of 0.29 inch had fallen over the
Tajique Canyon locality on May 31, which stimulated these few
beetles to emerge. There were general increases in the number of
beetles from June 2 to 11, when 34 insects were noted in the field.
On the latter date 0.01 inch of rain fell, and the number of beetles
increased from 34 to 56 by June 13. On June 16, 0.07 inch of rain
fell over the drainage area of this canyon and stimulated emergence,
with the result that the number of overwintered beetles increased
from 56 on June 13 to 135 on June 16, and from 249 on June 18 to
390 on June 20. From June 20 to July 3 there was only a gradual
increase in the infestation. At times the number of beetles migrating
out of the field on down the canyon was greater than the number of
beetles entering the field. The 0.24 inch of rain on July 4 stimulated
a large number of beetles to leave their winter quarters for the fields.
The number of overwintered beetles increased from 612 on July 3 to
3,840 on July 5, when the peak was reached. This number taxed the
small plants to tlieir capacity, and there was a rapid decrease in the
number of beetles.

Figure 13 shows that the initial infestation of overwintered beetles
in field 2 increased from 7 on June 16, 1930, to 144 on June 18, and
from 280 on June 27 to 796 on July 1. Showers fell in the canyons
from July 2 to 5, inclusive, and were followed by a rapid increase in
the number of beetles that entered the field. The number of beetles
increased from 763 on July 3 to 1,604 on July 5 and to 3,627 on July
8. Trom July 8 to 12, inclusive, there was little change in the infes-
tation. On July 15 lieavy rains fell over the foothills, with the result
that an increase in infestation was noted. The peak was reached on
July 16, when 4,381 beetles were recorded. This large number soon
depleted the bean foliage and a comparatively rapid decrease in the
number of overwintered beetles followed.

An examination of figures 12 and 13 will show that very few beetles
entered the fields during the last 10 days of June, when the highest
temperatures occurred, and that the excessive population of over-
wintered beetles lasted for only a short time. In field 1 the intensive
infestation covered 4 days only, from July 5 to 8, inclusive, whereas
in field 2 a 12-day period of heavy infestation occurred from July 8
to 19, inclusive, as 1llustrated in figure 13. Thus the beginning and
the intensity of infestation of overwintered beetles vary slightly in
different locations,
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Figure 14 shows the maximum number of overwintered beetles on
a Y-acre field in the foothills during the seasons from 1924 to 1930,
inclusive. There were very few beetles during the period from 1924
to 1927, inclusive, and following this period there was a great increase
cach vear in the number of overwintered beetles in the field. This
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Ficure 12, -Graph showing the number of overwintered Mexican bean beetles countpd on one third acre

in field 1 during 193v, with temperature and precipitation for the period.

shows the rapidity with which this inseet can multiply when condi-
tions perinit, even after several seasons of adverse weather conditions.

Flight tests conducted with marked beetles over a period of several
vears showed that the insects fly cither up or down the canyons with
the prevailing winds and that they use the canyons as migration paths,
both in entering and emerging from hibernation. In general, during
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the dissemination of the beetles from hibernation, the air currents
are flowing down the canyons and arroyos out into the valley, owing
to the greater density of the cool air of the mountains which is replac-
ing the warmer air of the valleys. The heaviest infestation is found

10 20 30 10 10 an =
4800 80
@ 4000 70
w
)
b
2
z
b
- -F
o 3200 80
8 -
[’
a -r \/‘ 24
b~ &
w =1
L ~
z <
kY (3
2 2400 so
W =
2 w
o [=
W z
a <
(V)
3 S
2 1800 =0
&
w
w
[T
z
-
<
4
z 800 30
0 — —= 20
S 2.00
50
g3 100
QZ
al:
F 0 R__ILLIT u I. -II. al
10 20 30 to 20 30 10
JUNE JULY AUG.

FI1GURE 13.—Graph showing the number of Mexican bean beetles on 1,200 feet of row in field 2 during 1930,
with temperature and precipitation for the period.

in fields located in canyons and arroyos, and the infestation decreases
as the distance from the hibernation quarters increases.

The number of beetles varies from field to field, depending upon a
number of physical factors, such as location, slope, air currents, type

175244°—33——3
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of soil, size of field, and eondition of plants during the spring migra-
tion period. It has been noted for a number of years that beetles
are more numerous, and therefore more destruetive, on plantings on
sandy soil than on those on heavier soils, even though the plantings
were made at the same tiine and in the same eommunity. The sandy
soils warmn up earlier in the spring and 1naintain a higher temperature
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FI1GURE 14.—Graph showing the maximum numbers of overwintered beetles on a l4-acre field in the foot-
hills from 1924 to 1930, inclusive.

than heavy soils. Therefore the seed germinates faster, and the plants
make a quieker growth early in the season and are larger and more
attraetive at the time the spring migration oecurs than are the
plants grown on heavier types of soil. This inseet prefers vigorous
and rapid-growing plants on whieh to feed and lay its eges and will
avoid dwarf and stunted plants, as they afford very little proteetion.
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PERIOD BETWEEN EMERGENCE
FROM HIBERNATION AND OVl
POSITION

The period between emergence
from hibernation and oviposition 1s
greater in the case of females which
emeree early than in the case of those
which issue later in the season. Iig-
ure 15, illustrating the rate of egg-
mass deposition of 18 females that
emerged on July 1, shows that 7 days
was the minimum and 13 days was
the maximum period, the average
being 10 (9.9) days.

OVIPOSITION

Figure 15 shows that the shortest
oviposition period, as ascertained
from observation of 18 females, was
18 days and that the longest period
was 76 days, the average being 51
days. This figure shows that very
few egg masses were deposited after
August 28. The interval between
deposition of egg masses ranged from
1 to 12 days, with an average of 3.2
days between masses, while the aver-
age for each individual female ranged
from 2.34 to 4.25 days. The nun-
ber of egeg masses deposited per
female ranged from 5 to 26, the aver-
age being 16.9.  As it has been found
that the average number of eggs per
mass is 53, the average number of
eggs deposited per female is about
900.

DEVELOPMENTAL PERIOD
INCUBATION PERIOD

Temperature greatly influences the
duration of the incubation period of
the Mexican bean beetle, as is shown
in figure 16. The incubation period
in Estancia Valley ranged from 7 to
20 days, with the temperature aver-
aging from 56° to 76°¥. The greater
number of eggs hatch in from 8 to
10 days in summer, and as cool
weather approaches the period is
prolonged.
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LARVAL PERIOD

During the summer the larval period ranges in length from 21 to
27 days, depending upon the temperature and the abundance of
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Fraure 16.—Relation of length of incubation perior of tlie Mexican bean beetle to temperature, Estancia,
.Mex, The figures in the circles represent the number of cases.

favorable food, as shown in table 4. Either a deficient food supply
or low temperatures, as experienced during the latter part of the
growing season, will prolong the developmental period of the larva.
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TasLe 4.— Developmental period of the Mexican bean beetle in Estancia, N.Mez.

Eat: | Incu- | Duration of larval instars Pupa- | Date of vgg;)_ l\{gﬁfl
Experiment no. e hation | tion emer-
were de- | poriod | period | gence [mental | pera-
posited P First |Second| Third | Fourth | period | ture
Days | Days | Days Days Days Days Days °F.
) June 29 9 5 3 5 8 10 | Aug. 8 40 71.2
2. July 1 9 6 3 5 9 10 | Aug. 12 42 71.0
3 July 2 8 7 3 5 10 9| Aug. 13 42 70.9
4 | July 12 9 5 4 7 9 8 | Ang. 23 42 70.1
5. July 14 8 7 4 7 8 9| Aug. 26 43 68.0
6. July 24 10 7 4 4 9 10 | Sept. 6 44 66.9
Y - - July 27 11 6 4 5 9 10 | Sept. 10 45 66. 1
8_. Aug. 8 10 | 6 5 5 10 | 10 | Sept. 23 46 65.4
9. Aug. 10 10 | 6 5 6 10 10 | Sept. 26 47 64.5
10 ~.. Aug. 14 10 6 4 6 10 12 | Oct. 1 48 63.8

PUPAL PERIOD

The length of the pupal period ranges from 8 to 10 days during
the summer and increases as the temperature decreases in the fall, as

shown in table 4.
ENTIRE PERIOD

The influence of temperature on the entire development period from
egg to adult is shown in figure 17.
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FIGURE 17.—Influence of temperature on the developmental period of the Mexican bean beetle. The
figures in the circles show the number of egg masses that were rearsd from egg to adult in the number of
days given and at the mean temperature given.

SEASONAL HISTORY

The seasonal history of the bean beetle for 1930, as illustrated in
figure 18, was determined {rom reeords on emergenee fromn hiberna-
tion, appearance in the fields, and the life history throughout the
season. The seasonal history varies from season to season, depending
on the time and intensity of emergence from hibernation and the
appearanee of the beetles in the field, as well as on other faetors.
The time and intensity of the early summer rains are governing
factors in the seasonal history. A season that is favorable for the
growth and produetion of beans is also favorable for the development
of this insect. A good example was the season of 1929, Conversely,
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unfavorable seasons for the production of beans are unfavorable for
the development of the insect. An example of this type of season
was that of 1930, when literally millions of larvae died from lack of
food during the latter part of the scason. Plants made good growth
during July, and dcvelopment was accclcrated; but the drought of
August and September checked the growth and permitted the larvae
to consume the foliage before a large number of thein had matured,
with the result that they starved and those that had pupated were
exposcd to excessive detrimental temperatures.

~ | _|

OYERWINTERED
BEETLES

T T T T T T Ll T LI L T T i T T
3 13 25 | 3 15 25 | s [ 25 3 IS 25 3 Is 25

JUNE JULY AUG. SEPT. oCT.

FiGURE 18.—Seasonal history of the Mexican bean beetle in Estancia Valley, N.Mex., in 1930, as deter-
mined by field observations and infestation counts.

The number of beetles entering hibernation in the fall, the num-
ber that successfully overwinter, and the time and pcreentage of
emergence from hibernation arc important factors in commereial
produetion of beans in areas wherc this insect is an lnportant eco-
nomic factor. There are eight possible combinations which may be
eneountered: (1) A large number of bcetles entering hibernation
and sueeessfully overwintering, with early emergence from hiberna-
tion; (2) duplieation of the first ease, but with late emergence from
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hibermation; (3) a large number of beetles entering hibernation, and
early emergence, but with a high mortality in hibernation; (4) dupli-
eation of the third case, but with late emergenee from hibernation;
(5) a small number of beetles eutering hibernation and suecesstully
overwintering and emerging early from hibernation; (6) duplication
of the fifth case, but with a high mortality in hibernation; (7) dupliea-
tion of the fifth case, except for late emergence from hibernation;
(8) duplication of the fifth case, except for liigh mortality in hiberna-
tion and late emergence from hibernation. ODbviously the first case
is the most threatening and the eighth is the least.

NATURAL CONTROL
NATURAL ENEMIES

1t is a well-known fact that the bean beetle has no native parasite
of importance to hold it in eheck. Its habit of remaining in hiberna-
tion until late in the season may aid in protecting it from parasites
in New Mexico. A tachinid fly, Nemorille maculosa Meig.,* was
reared from parasitized bean-beetle larvae collected in the Rio
Grande Valley near Albuquerque, N.Mex. A beetle, Collops bipunc-
tatus Say,’ of the family Melyridae, has been noted feeding on eggs
of the bean beetle in the fields. Laboratory tests confirin the field
observations.

Turkeys have been observed feeding on beetles in the field.

EFFECT OF METEOROLOGICAL FACTORS IN SUMMER

Drought periods accompanied by dry winds often occur in June,
decreasing the soil moisture and desiceating the plants, with the
result that the bean leaves are turned up vertically to the sun, expos-
ing the eggs and young larvae to high temnperatures. Such periods are
noticeably detrimental to the eggs and eause them to dry and collapse.
Only during such periods are the conunon thrips, Frankliniella tritici
Fitch, very numerous, and they are found primarily on the leaf in
and about the egg masses. Their feeding on the leaf around the base
of the egg mass results in the drying of the leaf in that area. This
portion turns whitish, and the injury to the leaf is no doubt a factor
in causing the egg masses to fall off. During the season of 1928 the
first egg mass was noted in the fields on June 15, and the first larva
hatched on July 12, or 27 days later. All of the egg masses up to
approximately this time had either collapsed or fallen to the ground,
as no rain fell during this period until July 10. The Tajique weather
station registered one of the driest Junes of record, as only a traee
of precipitation was recorded for the month. During that period
thrips were very numerous. The specific effect the thrips has on eggs
is not known, and future investigations will have to ascertain their
role in the collapsing and falling of eggs.

1t has been noted that hard rains will knock beetles off the plants
and that they will beeome stuek in the mud on their backs. During
July 1930, 122 beetles were found stuck in the mud. Some of these
are preyed upon by ground beetles (Carabidae), and many others are
killed by exposure to high temperatures. In several instances the
writer has noted mud-imprisoned feimnales laying eges.

4 Determined by J. M. Aldrich, 3 Determined by E. H. Chapin.
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ARTIFICIAL CONTROL
CONTROL EXPERIMENTS IN 1929
GENERAL CONDITIONS

Experimental work in 1929 was carried out on the Glover ranch,
located about 4 niiles northwest of Tajique in the foothill region of the
Estancia Valley at an elevation of 7,200 feet. The ranch is situated
near the lower border of the yellow pine forest zone, where the yellow
pine and pinyon forest zones dovetail into eacli other on account of
topography and slope exposure, and lies just east of the Manzano
National Forest.

The location of the ranch is ideal for heavy infestation, as excellent
hibernation quarters for beau beetles are found in the forest adjoining
the ranch. The Canyon de los Migos runs through the ranch and
affords the emerging beetles a migration path, since this insect follows
the wind eurrents down the canyons to the bean fields.

The peals of overwintered-beetle infestation was reached on July 14,
when 1,114 adults were noted on 1,200 feet of row. TFollowing a
rather heavy initial infestation, the weather conditions in 1929 proved
to be favorable for both beetles and beans.

PROCEDURE

Plots were laid out and staked ofl some time before the first treat-
ments would be due. Check, or untreated, plots consisted of 12 rows
and the treated plots of 32 rows. The arsenicals were applied un-
diluted, that is, without a carrier. Sodium fluosilicate was diluted
with hydrated lime and with superfine dusting sulphur, 1 to 2 by
weight, a few days before the first applicatton was made. The
materials were weighed out and then mixed in a baker’s sifter and
mixer for 20 minutes at 60 revolutions per minute. After the ma-
terials had been mixed they were stored in tins with tight-fitting tops
until used.

TaBLE 5.—Temperature and precipitation recorded at Tajique, N.Mex., elevalion
7,100 feet, during the control-expervment period of 1929

Temperature Temperature

- Precipi- . Precipi-
Date . T © Date | . . ¢
Maxi- | Mini- P tation Maxi- | Mini- tation
mum | mum | Mean | Range [ mum | mum Mean | Range
—_— ] I | —
°F. °F. °F. o F. | Inches I °F. °F. | R ° F. | Inches
July 15 75 58 66. 5 17 focamna Aug. 7 | 61 55 58 6 0.80
16 78 58 68 2 .- 8 63 50 56. 5 13 .70
17 } 80 53 66. 5 27 o 9 63 52 7.5 11 .90
18 77 55 66 22 oo 10 62 52 57 10 .39
19 70 52 61 18 0.34 11 62 52 57 10 .92
20 (i 56 66 20 .05 12 63 52 57.5 11 11
21 75 &3 64 22 .52 13 70 47 58.5 3 |-
22 73 51 62 22 -1 14 71 47 59
51 64 26 .05 15 72 48 60
24 76 54 65 22 120 16 72 48 60
25 69 | 53 61 18 .02 17 73 47 60
26 73 57 | 65 16 —--d3 18 73 49 61
27 75 52 63.5 23 . 19 74 49 6.5
28 64 52 | 58 12 40 20 72 42 57
29 57 51 | 54 6 57 21 7 44 57
30 i3 52 58 12 51 22 73 47 60
31 69 | 50 59. 5 19 |oooaaos 23 70 53 61.5 17 0
Aug. 1 72 53 62.5 19 o 24 7 54 [i%3 20 |
2 76 | 51 63.5 25 03 25 73 53 63 20 20
3 68 | 52 60 16 13 26 71 52| 6L 19 21
4 [ijt} 51 60 18 | 27 73 47 60 26 02
5 73 56 64 18 .. 28 74 50 62 24 03
6 73 53 63 20 | | ]

1 Trace.
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The applications were made with a 4-row, 8-nozzle, heavy-duty
traction duster, equipped with bean-beetle attachments.

The weather data for the control period were recorded by Mr.
Glover, a cooperative Weatlier Bureau observer (table 5). The
atmometer readings were those recorded from set-ups located on the

edge of the field (table 6).

TaBLE 6.— Evaporation (cubic centimelers) registered at Tajique, N.Mex., elevation
7,200 fect, during the control period of 1929

o |

Evaporation Evaporation

For week ended— | || For week ended—
I Black White Differ- | Black White Differ-
sphere sphere ence 1 [ sphere | sphere ence
|
July 15..___ 274.7 l 170.3 104.4 | Aug. 12 ________ 128.0 69.0 59.0
July 22. R 374.4 213.3 1311 | Aug. 19 ... 328.0 199.2 128. 8
July 20 217.9 1244 93.5 | Aug. 26._ ... ... 278.7 167.7 111.0

Aug. 5. . . 195.8 ‘ 109. 9 85.9 |

The yields given in the 1929 data are those of the cured vines and
not of dried shelled beans. A pile row consisting of six rows of beans
through each plot was weighed. This gave the weight of one hall of
the check, or untreated, plots, and three sixteenths of the treated plots.
In the Estancia Valley the general practice is to figure the ratio of
beans to vines as 40 percent beans to 60 percent vines. This estimate
was determined by farmers who sold by weight their entire bean hulls
to cattlemen. To be conservative, the yield of dry beans has been
figured at one third. By this method, of course, the vines and culled
beans were weighed, but the proportion of coinmercial beans was not

obtained.
CONTROL EXPERIMENTS IN 1930

GENERAL CONDITIONS

The experimental work in 1930 was carried out in four different
localities, two in the foothills and two in the valley. Experiments
G1 to G7, inclusive, were conducted on the Glover ranch, the location
of which has been discussed. Experiment T9 was conducted in a
field in Tajique Canyon at an elevation of 6,850 feet, near the lower
border of the vellow pine forest zone. The locations of these experi-
mental fields were 1deal for heavy infestation, as excellent hibernation
quarters for the bean beetle are found in the yellow pine forest zone
adjoming the fields.

The peak of the overwintered-beetle infestation at the Glover ranch
was reached on July 16, when 4,381 beetles were recorded on 1,200
feet of row. In the Tajique Canyon field the peak was reached on
J}lly 5, when approximately 1,000 beetles were noted on 1,200 feet
of row,

The field on which experiinent L8 was conducted was located in
Estancia, and the field on which experiments B10 to B12, inelusive,
were conducted was situated on the south slope of Arroyo Mesteno,
10 miles southwest of Estancia. Both fields were irrigated, and the
latter field was planted on June 21, which is rather late in the season
for valley plantings. This was no doubt a factor in the crop,
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PROCEDURE

The procedure of laying out and staking off the plots and the mixing
of the materials was the same as during the preeeding season, except
that the arsenleals were also tested with the addition of lime, and
sodium fluosilieate was used undiluted.

The applieations of dust to experiments G1 to G7 were made with a
5-row, 10-nozzle, power duster, mounted on a traetor. Materials
for experiments L and T were applied with a hand duster. Experi-
ments B10 to B12 were dusted with a 4-row, 8-nozzle, heavy-duty
traetion crop duster.

The weather data given in table 7 for the control period are those
reeorded near Tajique by Mr. Glover and at the laboratory at
Estaneia. The atmometer readings given in table 8 are those
recorded from two series of set-ups near the two weather stations,

TaABLE 7.— Temperature and precipitation recorded at Tajique and Estancia,N. Mez.,
al elevations of 7,100 and 6,100 feet, respectively, during the control period of
1930

Tajique ‘ Estancia
Temperature | Temperature
Date — — . e
[ Precipi- . N Precipi-
Maxi- | Mini- tation axi- | Mini- ’ tation
mum | mum Mean Range mum | mum Mean Range
[ i ! | S
°F. °F. °F. ° =3 Inches o | R °F. | °F Inches
July ¢ 74 47 60.5 27 0.02 85 54 69. 5 31 0
|76 47 615 2 .20 83 48 65.5 35 05
11 75 52 63. 5 23 .04 84 58 71 26
12 79 59 69 20 .19 | 87 56 71.5 31 .19
13 76 57 | 66.5 19 92 56 74 36 .21
14 66 50 58 16 18 84 55 69. 5 29 1,48
15 68 52 | 60 16 1.20 77 58 67.5 19 .16
16 75 48 61.5 27 67 79 54 66. 5 25 0
17 76 49 62.5 27 1T 87 56 71.5 31 0
18 76 49 62.5 | 27 T 89 59 74 30 0
19 76 51 63.5 25 0 89 54 71. 5 35 0
20 73 53 63 20 .23 89 54 715 35 .05
21 65 52 8.5 13 I 71 23 2
22 57 49 53 8 1.89 71 55 63 16 73
23 64 50 57 14 .15 61 56 58.5 5 39
24 79 46 | 62.5 33 .45 77 55 66 22 1.07
25 66 51 58.5 15 .41 7! 58 68 20 16
26 71 | 50 | 60.5 21 0 75 57 66 18
27 73 53 63 20 | .09 82 54 68 28 02
28 72 56 | 64 16 0 87 54 70. 5 33 0
29 70 52 | 61 18 | 0 ¢ o83 56 | 69. 5 27 0
30 72 54 63 18 .02 81 59 70 22 T.
31 72 59 65. 5 13 0 84 58 71 26 0
Aug. 1 74 49 61. 5 25 0 82 57 69. 5 25 0
2 76 50 63 26 0 86 52 69 34 0
3 78 54 66 24 .10 87 57 72 30 0
4 79 50 64.5 29 T. 89 51 70 38 0
5 76 50 63 26 T. 9N 55 73 36
6 69 48 58.5 21 .31 86 52 69 34 .03
7 66 47 56. 5 19 79 50 64.5 29 .
8 63 49 56 14 .20 75 56 65. 5 19 0
9 68 48 58 0 70 57 63. 56 13 .70
10 68 47 57.5 21 .36 77 57 67 20 0
11 67 51 59 16 .06 79 50 64.5 29 0
12 70 45 57.5 25 T. 82 19 65. 5 33 0
13 71 | 46 58.5 25 .03 81 50 65.5 31 0
14 73 | 45 59 2 0 80 51 | 65.5 29 0
15 73 43 58 30 0 81 47 64 34 0
16 76 44 60 32 0 85 45 | 65 40 0
17 77 | 45 61 32 T. 86 47 | 66.5 - 39 0
18 78 | 46 62 32 0 88 49 68.5 | 39 0
19 80 48 64 32 0 89 46 67.5 42 0
20 82 47 64.5 35 0 89 44 66.5 45 0
21 82 47 64.5 35 T 95 50 72.5 I 45 0
22 82 54 68 28 0 95 57 76 38 1.
23 77 47 62 30 0 90 56 73 34 0
24 79 46 62. 5 33 .30 87 51 69 36 0

|
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TasLe 8—Evaporation (cubic centimelers) registered at Tajique and Estancia,
N.Mez., at elevations of 7,200 and 6,100 feel, respectively, during the control
period of 1930

Tajique Estancia

Evaporation Evaporation

For week ended— |

White Differ- Black White Differ-

Black

sphere sphere ence | sphere sphere | ence
July 7. . e e | 523.9 409.8 114.1 605. 6 479.7 | 125.9
- 321.7 104.3 536.1 396.9 139. 2
165.1 87.2 375.8 260. 1 115.7
99. 5 66. 8 203.4 117. 6 85.8
226.6 100. 5 423.1 321.0 102.1
152.8 84,8 271.0 185. 4 85.6
253.9 115.4 434.1 324.6 | 109. 5
349.3 118.8 524.1 414.6 | 109. 5

DISCUSSION OF RESULTS

The insecticide used, date of application, size aof plat, quantity of
materials applied, per-acre applicatian, cast per applicatian, and the
eost per aere are given in tables 9 and 11 far 1929 and 1930, respec-
tively.

TaBLE 9.—1 nsecticides used and costs of application tn Mexican bean beetle control
in the Estancia Valiey, N.Mezx., 1929

s § & %g Cost 1)eir txa]pphca Cost per acre
g 2| & o | me [
= f 5| — |
qg’ Insecticide used = ;g.é' E;.i Za| 2 2 |
E et - = [ — £ —_
g | ¢ |E|sE|f|2|8 |5 5|3
» B < = 373 < 5] ] =3
2 % a) g |87 = | A" = | S| &
Acres Lbs. | Lbs. l |
July 15 |15.75 | 9.55 |$1.58 [$0.25 [$1.83 |$0.96 '$0.15 | $1.11
Gl...._| Caleium arsenate, undi- | 1.65 {Aug. 5114.75  8.94 | 1.48 | .25 | 1.73 | .89 .15 1.04
luted. Aug. 16 {11.75 | 7.12 | 1.18 | .25 | 1.43| .71 15 .86
July 15 [15.25 | 9.24 | 2.59 .25 | 2.84 | 1.57 15| 1.72
G2__._. Lead arsenate, undiluted___| 1.65 {Aug. 5 [12.50 | 7.58 | 2,13 | .25 [ 2.38 | 1.29 15 | 144
Aug. 16 [10.25 | 6.21 | 1.74 .25 | 1.99 | 1.06 15| L21
July 15 |13.50 8.18 | 2.77 .25 | 3.02 | 1.68 15| 1.83
Q3. Magnesium arsenate, un- | 1.65 {Aug. 5 [16.25 | 9.85 | 3.33 | .25 | 3.58 | 2.02 15| 217
diluted. Ang. 16 0 9.25|5.61 | 1.90 | .25 | 2.15(1.15 15| 130
July 15 11.25 | 6.82 | 2.03 | .25 [ 2.28 | 1.23 15| 1.38
G4, Zinc arsenite, undiluted____| 1.65 {Aug. 5 13.75|8.33 | 2.47 | .25 | 2.72 | 1.50 15| 1.65
Aug. 16 '11.25 | 6.82 | 2.03 | .25 | 2.28|1.23 151 1.38
July 16 14.50 | 9.06 | 1.45 .24 1 1.69 | .01 15| 1.06
G5_.._. Calcium arsenate, undi- | 1.60 {Aug. 6 15.25 | 9.53 | .53 | .24 1.77 95| .15 1.10
| luted. Aug. 17 12,25 | 7.66 | 1.23 | .24 1.47 7 .15 .92
| July 16 20.75 12.97 | 1.11 240 1.35 691 .15 84
G6...__| Sodium fluosilicate, 1 part | 1.60 [{Aug. 6 19.00 11.88 | 1.01 | .24 1.25 63| .15 78
to 2 parts of lime. Aug. 17 19.50 12.19 | 1.04 | .24 1.8 65| .15 80
| July 16 30.50 19.06 | 2.44 | .24 2,68 1.52| .15 L.67
QG7_.... Sodium fluosilicute, 1 part | 1.60 {Aug. 6 129.50 [18.44 | 2.36 | .24 2.60 1.48| .16/ 1.63
to 2 parts of sulphur. Aug. 17 34.50 21.56 | 2.76 | .24 3.00 1.72| .15 1.87
| |
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TaBLE 10.—Summary of financiaw returns from the use of various insccticides on
beans infested with the Mexican bean beetle in the Estancia Valley, N. Mezx., 1929

Exper-| Area| Yield
iment Insecticide used of per
no. plot | plot

Differ-
ence

- acre be~
Yield |'oen
per un- |
8¢TE | treated
and |

| treated
plotst (

Control or untreated__
Gl Calcium arsenate, undi
Control or untreated . ___
G2... . Lead arsenate, undiluted
Control or untreated
G3..... Magnesimn arsenate, unc i1
luted.
Control or untreated.____ __ .
G4.__ | Zinc arsenite, undiluted_______| 1.
Control or untreated. __ .
G5 Calcium arsenate, undiluted | 1.
Control or nntreated.___.______ .
G6_.___ Sodium fluosilicate, 1 part to | 1.
2 parts lime.
Q7. Sodiuin flnosilicate, 1 part to | 1.
2 parts sulphur,
Control or untreated..........

lcre? Pounds| Pounds| Pounds
3, 14

Value
Crop | ofin-
in- |creased
crease | yield

per

acre 2

DPer-
cent | Dollars |

Cost of Netin-

1,947 = - )
6,202 | 3,759 848 | 20.13°| 15.55
1,663 2682 | )

65| 5275 | 3,197 578 | 22,07 | 10.60

62 1,585 20556 |..____ o IORNEN || LR

65 | 4,560 2764 3377|1380 6.1y

62 1,425 2‘293',_ S I 1

65| 4,447 2,695 5417|2512 9.92

60| 1,206 2010 N

60| 4,885 | 3,063 | 1,006 49.17 | 18.43

60| 1,250 | 2088 | __ o

60 | 2,365 | LA78 | 3570 | 6278 10.45

60| 2,423 | 1,514 | 3606 6674 1111

.60 545 908 | _

treat- | creased
ment  return
per per
acre acre
Dollars | Dollars
301 1254
43771 623
530 .88
a4 sl
E Y ENTEE
242 8.3
5.17 5.94

1 From average of checks on both sides.

3 Beans at 5 cents per pound and hulls at $5 per ton.
8 Difference in yield per acre between the 2 treated plots and the lowest yielding untreated plot, as they
received 1 less cultivation than the other plots on account of rains.

One third of yield was figured as dry beans.

TABLE 11.—Insecticides used and cosis of application in Mezican bean bectle
conlrol, 1930

%
s | .
P
=1 . k= @ g
g Insecticide used B ..a.g
g s | 2
: = 8
& | 15 A
Acres
Gl..._. Cal&zlum arsenate, undilut- 5.92 {g:ﬂ; 2?)
TmemSsemssosoes-—--s--g i Aug. 13
I July }0
G2 . |___..do._._____________ 7.84 {July 30
| i
ng.
G3....I.....do. ........ S B {‘iﬁg ¥
G4.___| Lead arsenate, undiluted 3.46 {.-\ug 14
H5___. Magnesium arsenate. . 1.00 {:ﬁg ]1
6. __. Sodium fluosilicate. . ... 4.00 {‘;:ig li
G7.__._) Zincarsenite____ __________ 5.32 {1‘;35 ]i
L8. _ .| Lead arsenate, 1 part to § July 14
parts lime________________ .40 RJuly
Aug. 2
T .. Caleium arsenate, 1 part to
5 parts lime . .30 | Aug. 3
B10..__[ Calcium arsenate, | part o I{Aug 10
3parts lime______________ 7.86 [lAug. 16
B1i..._| Magnesium arsenate, 1 part |fAug. 11
to 3 parts lime. . ___ 7.63 NAug. 16
B12____{ Zinc arsenite, 1 part to 3 Aug. 11
partstime ... . _ . __. 7.63 YAug 17

g |8
5
|
R
22|58 =
52 538 8
5 |53 =
o |& =
Lbs. | Lbs.
22.0 | 4.2 $2.20
30.0 [ 571300
20.0 | 56 2.90
28.0 | 3.6 2.8
350 4.5 3.50
32.01 4.1 3.20
25.0 1 4.8 2.50
2.5 4.2 2.15
13.0 3.8 2.21
120 3.5] 2.04
20.01 7.3 5.95
4.5 6.1 502
27.0] 6.8 3 24
25.0 | 6.3 3.00
21,0 | 3.9 378
20.0 | 3.8 3.60
7.0 175 .32
9.0 | 225 41
8.0 20.0 36
6.0 | 20,0 .20
96.0 12,2 3.84
96.0  12.2 | 3.84
80.0  10.5 ] 5.30
80.0 10.5 5. 30
96.0 12,6 576
96.0 | 12.6 | 5.76

Cost per applica-

tion
é —
= S
< (=]
= = |

30.63 82,83 [$0.
63 3.6
||
04 3,74 |
04 444
4| 4014
62| 3012
S62 | 2.77
42| 2.63
Sz | 2046
48| 6,431
48 | 5.50 | 1

| .45 372
48 3.48
40| 4.18
40| 4700
30| .62
30| 7171
30| .66
23| .43
118 | 5.02
118 | 5.02
114 | 6.44
114 | 6.44
114 | 6:90
1.14 | 6.90

Material

Cost per acre

42

z
=]
£
$0. 12 $0.54
.12 .69
.12 .68
L12 .48
L12 .57
L12 .53
L12 .60
L12 .4
L12 .76
.12 .72
L1200 162
120 L3
.12 .93
.12 87
L12 .83
L12 .80
75| L
L7577
L75 | 1,65
75| 1.42
.15 .64
.15 .64
15 .84
.15 .84
.15| .90
.15 .90
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The insecticide used, area of plot harvested for yield records, yield
per plot and per acre, percentage increase, and the value of increased
yield are given in tables 10 and 12 for 1929 and 1930, respectively.
The yields per acre are illustrated in figure 19 for 1929 and in figures
20 and 21 for 1930.

The tables and figures are self-explanatory as far as actual data
are concerned, but other important factors should be considered before
conclusions are drawn. The value of the crop and the cost of treatment
in 1930 were both about half what they were in 1929. In 1930 the
value of the hulls was not included in the reckoning. At the prices
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FIGURE 19.—Comparative yield per acre of unthreshed bean vines produced on treated and untreated plots
in the Estancia Valley, N.Mex., in 1929.

shown for 1929 the hulls were counted as worth just one tenth as
much as the cleaned beans from the same plot.

During the season of 1929 the vield of the magnesium-arsenate
plot was probably reduced at least 200 pounds by a severe attack
of bacterial blight (Pseudomonas phaseoli) during the first part of
September.  Light attacks of bacterial blight and rust (Uromyces
appendiculatus) were noted on the other arsenical plots. These two
diseases were not noted on the sodium fluosilicate plots, probably
because of defoliation by the bean bectle before the disease became
general. On September 17 the untreated plots were completely de-
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foliated, while the sodium fluosilicate plots showed 90 percent defoli-
ation, and the beetles werc fceding on the green pods. Leaves on the
plots treated with arsenicals were green, aud beetles from devasted
and harvested fields lower down the canyon were entering the plots
in large numbers. In general, calcium arsenate gave the greatest
protcction to the foliage for the longest period of time. Table 10
shows that the yield of the sodium fluosilicate plots was greater than
that of one untreated plot located on the edge of the ficld nearcst the
canyou, where it received a very heavy infestation of overwintered
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FIGURE 20.—Comparative yield per acre of recleaned beans produced on treated and untreated dry farmed
plots in the Estancia Valley, N.Mex., in 1930.

beetles. Yet an exainination of table 10 and ficure 19 will show that
their yields were far less than those of the remaining untreated plots.

No plant diseases were encountered during the season of 1930, and
the infestation was the lheaviest cver rccorded. The increase in
yields ranged from 27.4 to 162.2 pereent, while the gain or loss due to
control measures varied from a loss of 22 cents to a gain of $13.98 to
the acre (table 12). The greatest returns were from the high-
yielding irrigated plots, as shown in table 12, experiment L8, These
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plots received three heavy applications of lead arsenate diluted with
hydrated lime 1 to 5 by weight. The second application produced
burning of the foliage and stumting of the plants that was later over-
come during favorable weather. Lead arsenate is not rccommended
for the following reasons: (1) Its cost; (2) its toxie effect upon bean
plants, especially stunting; and (3) its poor physical properties for
dusting. Special attention is called to experiment T9 (field B, fig.
21), in which only one application of caleiuin arsenate diluted with
Lydrated lime 1 to 5 by weight was applied at the rate of 20 pounds
per acre just as the first larval injury was showing up in the field.

o o

Bon

| || lo

600

VIELD PER ACRE (POUNDS)

1—5L

1—5

1=3L

e ———
LEAD ARSENATE

CALCIUM ARSENATE 1=3L
IINC AREENITE

UNTREATED

UNTREATED
HAGHESIUM ARSENATE § kil

LEAD ARSEWATE

FIGURE 21.—~Comparative yield per acre of recleaned beans produced on treated and untreated plots in
the Estancia Valley, N.Mex., in 1930: A, Irrigated; B, dry farmed; C, late planted and irrigated. (See
experiments L, T', and B, table 12.)

Successful results were obtained for the two seasons with all the
arsenicals tested, and in interpreting the results of this work the
number of treatments and the per-acre applieation must be kept
clearly in mind; also whether the field was irrigated or dry farmed,
the pereentage increase in yield over the untreated plots, and the
toxieity to foliage. The cost of the arsenical and the physical
properties of the insecticide for dusting have been taken into consid-
eration in making eontrol recommendations. In considering all
factors, both economic and insecticidal, calcium arsenate has given
the 1a10st eonsistently favorable returns per acre of all the materials
tested,
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TABLE 12.—Summary of financial returns from the use of various insecticides on
beans infested with the Mexican bean beetle in the Estancia Valley, N.Mez.,
1930

1
Differ- |
| ence et
| ber Cost of | L 10°
Ex- Area | Yldd | Yield | 3ePe Crop l Voo | treat. | C1ense
il Insecticide used of per | per | FURP | e | paceq | ment | e
o plot! | plot® | acre? | oapeq | CTOBS8 | yig)q s 8’;‘; crease
| an (=)
treated
| plots
[
|
| | Acre |Pounds|Pounds Pounds Percent) Dollars | Dollars| Dollars
Gl...._ Calcium arsenate, undiluted.| 0.30 181.0 603 | 373 | 162.2 9.33 1 +7.42
Control or untreated __...._. | .30 69.0 0 Tl RaeTers IERTr P S 4. _
Q2. | Calcium arsenate, undiluted| .30 139.5 465 205 78.8
| Control or untreated____..._ .30 78.0 260 |-l ..
G3.._._| Calcium arsenate, undiluted.| .30 | 149.0 | 497 | 237 912
G4 Lead arsenate, undiluted....| .30 | 151.0 503 | 233 86.3
Control or untreated.____ .30 81.0 270
G5 Magnesium arsenate_ _ .30 145.5 485 .
Control or untreated_______.| .30 69.0 230 | |eifeao
G6..... Sodium fluosilicate, undilut-
ed el .30 88.0 203
Q7o Zinc arsenite._______________ .30 153.0 510
Ls.__.. Lead arsenate, 1 part to 5 .0347 51.8 | 1,493
parts lime.
Control or untreated._______ . 0347 25.5 b33 I SR SRIN SR I
Ls..... Lead arsenate, 1 part to 5 .0347 49.5 | 1,427 692 9.1 17.30 4.97 | +12.33
parts lime.
T ... Calecium arsenate, 1 part to | . 0461 36.5 792 326 70.0 8.15 1.42 | +6.73
5 parts lime.
Control or untreated. ._.... 0461 21.5 466 || iio|eooo e
T9. ... Calcium arsenate, 1 part to 0461 36.0 781 315 67.6 7.88 1.42 | +6.46
5 parts lime.
B10..._| Calcium arsenate, 1 part to | .204 168.0 571 197 52.7 4.93 1.28 I +3.65
3 parts lime.
Control or untreated.________ .204 110.0 374 | e | AR SN,
B11l__..| Magnesium arsenate, 1 part | .294 148.0 503 129 34.5 3.23| 168 +1.55
to 3 parts lime. |
B12..._| Zinc arsenite, 1 part to 3 | .294 193.0 656 282 75.4 7.05 1.80 | -+5.25
parts lime. |
1 Area of plot harvested, threshed, and recleaned. 2 Recleaned beans.
3 Figured at 214 cents per pound. 4 From average of checks on both sides.

The vulue of eontrol measures in 1930 is illustrated in figure 22,
whieh shows the progress of defoliation in an irrigated field. Dusting
with lead arsenate and hydrated lime (1 to 5) was begun on July 14,
when 155 overwintered beetles, on an average, were found per 100
feet of row. Three rows were left untreated as a eheek. A hard
dashing rain fell immediately after the dust had been applied, so the
treatinent was repeated on July 19, but this was followed by 8 days
of rainy weather, as shown in table 7. This applieation resulted in
injury to the foliage and stunting of the plants. The third appliea-~
tion wus made on August 2. Figure 23 illustrates the differenece in
vield between the treated and untreated plants.
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FraUrRE 22.—Defoliation of bean plants by the Mexican hean beetle: A, Irrigated field early in the season;
13, the same field on August 15 with defoliation showing on three untreated rows in the center; C, the
same three rows later in the season, taken from the other end showing advanced defoliation.
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HOW THE COSTS WERE DETERMINED

In determining the cost per application and per acre in 1929 and
1930, the followmcr cost prices were used:

Calcium arsenate________ e per pound.. $0. 10
Lead arsenate_ . - ___________________.___.______ do.___ .17
Magnesium arsenate_ _ _________________________ do--.. .205
Zine arsenite. .- ___________________________ do.___ .18
Sodium fluosilicate_ - __ .. _______________ do-_.. .12
Sulphur, dusting . 06
Hydrated Mme____ _ . .02
Hand duster, one third acre per hour__________ per hour__ .25
Traction duster 4-row, 4 acres per hour__________ do._._. .60
Power duster, 5-row, tmctor—mounted, 6

acres per hour___ .. ___ . ____.__._ do._.. .72

The foregoing prices for materials are based on the f.0.b. Estancia
quotations in 100-pound lots. It is very difficult in experimental
work, where comparatively small plots are used, to secure accurate

FIGURE 23.—Comparative yield of beans from treated and untreated plants, each sack containing the yield
of recleaned beans from three rows: A and C, from treated rows; B, from untreated rows.

cost data on operating equipment. The grower should figure the
cost of operating his team or tractor and ad]ust the cost of apphca-
tion accordingly.

FACTORS INFLUENCING RETURNS

There are many factors affecting the returns from control opera-
tions. Various seasonal factors are encountered which are deter-
mined by natural conditions prevailing over the area, such as the
number of beetles in the initial infestation, time and appearance in
the field, larval infestation, number and time of control applications
possible, size and rate of growth of the bean plantings, and decfolia-
tion and reduction in yield. In addition there are constant factors,
such as the initial cost of control equipment and interest on the
investment; and variable factors, such as depreciation and upkeep of
equipment, size and character of area to be trcated, insecticide used,
and operating expenses. However, the productivity of the land, the
market price of beans, and the ability of the farmer to handle con-
trol equipment and to make applications at the most effective time,



THE MEXICAN BEAN BEETLE IN NEW MEXICO 35

are the determining factors. Undoubtedly over a series of seasons
the foresight and ability of the farmer to judge the conditions are of
most importance, yet it is often true that for any one season natural
conditions are the dominating influences.

TOXIC INJURY TO THE BEAN PLANT

Bean plants are susceptible to chemical “burning’’ from the use of
arsenical insecticides only where cxeessive dosages are applied and
under certain weather conditions. During the season of 1929 slight
foliage injury was eaused by the seeond application to all the plots
treated with arsenicals. Lead arsenatc eaused the greatest injury,
followed in order by calcium arsenate, zinc arsenite, and magnesium
arsetiate. This application was begun on August 5 and completed
the next day. At this time the plants were 15 to 18 inehes high and
very bunchy and were putting out runners. The treatment was
followed by 6 days of rainy and cloudy, foggy weather, with an aver-
age relative humidity of 88 percent. Rain totaling 3.82 inehes fcll
during the period from August 7 to 12, inclusive. The evaporation
during the period as reeorded from Livingston spheres averaged 128
ce for the black and 69 cc for the white spheres, giving a difference
of 59 cc per day. This shows that chemical burning is due to high
humidity combined with low evaporation. The only visible burning
or toxic injury to foliage during the season of 1930 was eaused by
the second application of lead arsenate diluted with hydrated lime
1 to 5 by weight. The material was applied on July 19, and 8 days
of rainy weather followed. The average relative humidity for the
period was 73.2 percent with higher humidities occurring the first 6
days. Evaporation for the period was very low, as is shown in table 8,

Although the per-acre applications of arsenicals in 1929 were ex-
cessive, only 1 of the 3 applications caused any toxie injury, and that
was from the effeets of cloudy, foggy weather following the applica-
tion. The same type of wecather was responsible for the single ease
of toxic injury in 1930. Weather of this type is unusual for the
State. Figures showing tlie yields per acre indicate that there was
no appreciable deercase in production due to tlie applieation of

arsenicals.
CONTROL RECOMMENDATIONS

The recominendations offcred are based on 8 years of experimental
work. The 2 years presented are simply an example of the type of
experiments and the niethods of fizuring the cost and returns. These
and similar experiments show that the bean beetle can be suecessfully
controlled in the Southwest by the use of calcium arsenate (fig. 24),
applied according to the formulas liere given, without any commereial
injury or burning of the bean foliage. Spraying has given better
results than dusting in hicavy infestations and where high winds are
cncountered, but it is not practical in the dry-farmed areas.

Calcium arsenate dust
Caleium arsenate, undiluted____________________ 4 pounds per-acre application.

Calctum arsenale-lime dust

Calcium arsenate, 1 p ound} ________________ 12 pounds per-acre application.

Hydrated lime, 3 pounds
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Calcium arsenalc spray

] For large areas l For small areas
Caleinn arsemile. - 2 pounds______ 5 level tablespoonfuls,
Water - 100 gallons. 3 gallons.
Calcium arsenate-lume spray
For large areas l For small areas
I I : | S
Caleium arsenate - ... 2pounds. oo o ... 5 level tablespoonfuls,
Ilydrated lime - . 1 pounds . [ 10 level tablespoonfuls.
Water E 100 gallons e ___t 3 gallons,

FIGURE 24.—DBeuan plants at left protected from Mexican bean beetles by two applications of calcium
arsenate dusl; untreated rows at the right, between the white stakes at the far ends of the rows.

The ealeium arsenate-lime dust ® or spray should be used during
periods of high humidity and low evaporation to avoid toxic injury,
especially in the irrigated areas. One application has given good
returns when applied as the first larval injury was apparent and eggs
were numerous, but usually two will be neeessary. The first should
be made when there is an average of one bheetle to eaeh 5 feet of row.”

6 Caleium arsenate-lime dust may be mixed by placing the ingredients in a steel drum together with
several rocks about as large as the fist. The drum is then tightly closed and rolled for about 400 feet, at
the same time being tipped on end at intervals of about 50 feet.

7 Search for beetles on tbe larger plants should be begun after the summer rains have set in. They are
most easily found early in the morning, when some of the beetles may be noted on the upper surface of
the leaves. After they have been seen, count the beetles on 100 feet of row. To do Lhis bend the plant
over and look on the underside of the leaves or give the plant a quick slap with the hand and note the
number that fall off each plant. Several counts in different portions of tbe field sbould be made.
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As the eggs are not killed by the treatinent and new unpoisoned
foliage is developing, the seeond application should be made after
from 7 to 12 days, the shorter interval in the southern portion of New
Mexico and the longer period in the eooler elevated areas. Apply the
dust when little or no wind is blowing. If rains occur within 2 days
after the applieation is made, repeat as soon as conditions will perniit.
The beetles start dying about the second day, and the peak of mor-
tality is reached on the third or fourth day after the applieation, but
a few may not die for some timne.

The treatment of snap beans after pods have set is not recom-
mended. Under usual conditions, eareful applieations up to the tinte
of full bloomn will give sufficient protection.

BEETLE VERSUS LARVAL CONTROL

Infestation by the overwintered beetles follows iinmediately after
the beginning of the summer rains, and therefore the time to start
control operations is clearly indicated. This early infestation by the
old beetles lasts but a short time, the females beginning to oviposit
in about 10 days after emergence. During this period a very large
percentage can be killed before any great injury has been done and
before most of the feinales have laid any eggs. The plants arc small
at this time and can be more thoroughly covered with the dust, and
less dust will be needed, than if eontrol measures arc delayed till
after the larvae begin to feed.

If, on the other hand, control is delayed for from 15 to 30 days,
when the larvae are present, the plants are larger and less easily
dusted and the time to give the treatment not so easily determined.
New eggs will be hatching over a longer period than that covered by
the emergence of the old beetles from hibernation. The advantage of
attacking tlie insect over a smaller area of foliage and when its num-
bers are at the lowest point in tle season is well shown in experiment
(i1 in 1930. Calcium arsenate was applied on July 29, when there
were 2,004 beetles per 1,200 feet of row. On August 4 there were
only 216 to the saine length of row, a reduetion of 89.22 pereent. It
is apparent that the number of potential egg masses was correspond-
ingly reduced. It would require a period of 4 weeks for the reinaining
females to deposit as many eggs as the original number of females
were capable of producing during the first 10 days. Egg laying was
ereatly reduced and retarded, and the larval injury and consequently
the defoliation of the plants were obviously delayed.

Control expermrents performed in the laboratory over a period of
several years show that the overwintered beetles are just as casily
Lilled as are the larvae, while recently matured beetles are verv
resistant to arseuicals.

DUSTING VERSUS SPRAYING

Both spraying and dusting have been used successfully to control
the bean beetle, although dusting has not given so good results on the
average as spraying. Spraying is recommmended in the irrigated areas
where abundant water supply is available. Dusting is more practi-
cable in the dry-farmed areas, as it requires about 100 gallons of water
to spray an acre of beans. Spraying has the following advantages:
(1) It can be applied during windier weather: (2) the material is more
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adhesive; and (3) less material is required per acre. Dusting has the
following advantages when the weather permits its use: (1) Quick
protection for large acreages; (2) facility of making applications at the
proper intervals; (3) muddy fields do not delay the work as long as is
the case with spraying. Other advantages with dusting are: Lighter
outfits, lower initial cost, and lower upkeep and operating expenses.
Dusters pulled by or mounted on tractors and utilizing power for
operation from the power take-off will permit both cultivation and
dusting at one operation.

DUSTING AND SPRAYING EQUIPMENT

At the present time there are upon thie market the following types
of dusters and sprayers: Hand, push, traction, power, and tractor-
power take-off (fie. 25). Hand and push dusters and sprayers are

FicURE 25.—Four-row tractor duster with power take-off permitting cultivating and dusting at one
operation.

used on fields up to about 3 acres in size. Two-row traction dusters
are used for larger fields, and traction and power dusters and sprayers
covering 4 to 6 rows are adapted to the largest acreages. A few manu-
facturers are offering multiple traction and power dusters, that is,
2 units mounted on 1 cart. Somec makes of dusters will not deliver
an even distribution of dust to each nozzle, especially where the per
acre application is as low as 4 pounds. Purchasers should demand a
guarantee that the duster will give an even distribution at this rate of
application.

The dust or spray can be effectively applied in only one way, and
that is by coating the undersurfaces of the leaves with the poison,
beeause that is where the inseet does its destruetive feeding.
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Some dusters are equipped with special bean-beetle attachments
and nozzles to apply the dust to the underside of the leaves as shown
in Figure 25. These nozzles are constructed so as to force the dust
upward to the undersides of the leaves. To accomplish thig the nozzles

Bt Wi

FIGURE 26.—Power duster mounted on tractor for rapid dusting. Nofe arrangement of nozzles, two per
row. Nozzles made from tin grocery scoops and clamped to distributor pipe with automobile hose
connections.

are set close to the ground and held in place by a nazzle arm that is
swung from hinge brackets on a distributor bar to prevent their
breaking off. Figure 26 shows eflicient nozzles made from tin grocery
scoops and clamped on to the outlet pipe with automobile hose elamps.

JL

A B

FIGURE 27.—Arrangement of nozzles for spraying the undersides of the leaves: A, for hand sprayers; B
and C, for use on power or traction sprayers, with hose connections to prevent breaking of the pipes
(N. F. Howard).

Where water is available and spraying is praeticable, the nozzles
should be properly set to spray the underside of the leaves. They
should be attached to the discharge hose by a 90° elbow and a 45°
elbow, as shown in figure 27, or a 45° nozzle in the latter place.
These nozzles should be set so that one of them sprays slightly for-
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ward and thie other slightly backward, to insure better coverage of
the leaves. Wlien a traction or power sprayer is used, it is advisable
to have a third nozzle placed above the row (fig. 28).

The liquid in the spray tank must be agitated eontinuously so as
to keep the arsenate from settling. A pressure of 150 pounds or
more is necessary to blow the leaves about and insure thorough
coverage, Pressure higlier than 200 pounds is unneeessary. Soime
growers llave used only one nozzle to the row, spraying the other
side on the return trip, and elaimn that a better coverage was secured.

New disks should be placed in the nozzle after a total of 10 to 15
Lours of spraying. The holes in the disks beeome enlarged with use,
and unless disks are replaced an unneeessary quantity of spray mate-
rial 1s used.

The boom should be adjustable in order to raise or lower the nozzles
for different-sized plants, and rubber hose should be used instead of

Frourg 2s.—Power sprayer, showing proper arrangement of the boom and nozzles for spraying the under-
surfaces and tops of the Teaves (N, F. Woward).

rigid vertical outlet pipes, so as to malke them (lexible and thus prevent
breaking of the pipes when passing over rough ground.

COMMUNITY CONTROL

In the large bean-growing distriets like the Estaneia Valley, where
the beetles overwinter only on one side of the valley and a 1-way
infestation oecurs, tlie beetles ecan be controlled more economicalty
by cooperation than by individual effort. By reducing the number
of overwintered beetles in the foothill fields the nmmber reaching the
ralley plantings will not be of economie importanee exeept in oeca-
sional years. In this manner at least 10 acres of valley beans are
protected for each aere of foothill beans which is treated.  Byredueing
the battle front, more applieations ean be made to the smaller areca
with the same funds that would be requiired to treat the larger area but
once. The plan is feasible and economical and can be worked out by a
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cooperative agreement wherein each grower contributes his pro rata
share and where the control operation is invested in a central unit or

head.
FEARLY AND LATE PLANTING TO ESCAPE INJURY

The fact that the beetles remain in hibernation until the eoming of
the summer rains has an eeonomic application, particularly in the
irrigated areas of the State where the timme of planting is not governed
by natural soil moisture. In the southern part of the State, espe-
cially in the Peeos, Rio Grande (6), and Nimbres Valleys, beans can
generally be planted sufficiently early in the spring to avoid economic
loss. In the same areas moderately late plantings escape injury,
and the plants mature before killing frost. ~ Very late plantings are
often injured by frost. Climatic conditions influenee the growing
season, and wherever possible the grower should time his plantings
o avoid injury by both frost and beetles. Commercial growers of
beans in the various communities should adopt a non-bean-growing
period during midsunmer to prolong the fasting period and thus

Frcere 20 —Collevting pinn ribrde from a 5-gallon oil or gasoline can, and a thin board to he used for jarring
the beetles off the plants into the pan

starve the beetles. If beans are grown during this period for the
string-bean market or for home use, the vines should be plowed
under at least 6 inches immediately after the last picking. This will
destroy a large nuniber of all stages of the inseet.

COLLECTION AND DESTRUCTION OF BEETLES

In consolidated bean arecas like the Estancia Valley, cooperative
eomimnunity ecollection of beetles along the foothills in the fall will
contribute to the control of this insect. In the fall uewly emerged
heetles will congregate on green plantings by the hundreds, and they
are easily collected by being jarred from the plants with a thin
board, into the type of pan shown in figure 29. The pan is made
from a 5-gallon o1l or gasoline can cut as shown. After several
hundred beetles have been collected they can be emptied into cloth
sacks hung from the belts of the collectors. Later, when a large
number have been collected, they can be killed by being dipped 1n
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used motor oil, or burned or crushed. If several rows of beans are
left unharvested in a field thousands of beetles can be collected from
them in a comparatively short time. The writer has collected unas-
sisted over 30,000 beetles in 3 hours. Figure 30 shows a pile of at
least 300,000 beetles collected in the above manner, or enough beetles,
if all survived the winter, to infest a row of beans over 56 miles long
with 1 beetle per linear foot of row.

BEETLES NOT CONTROLLED BY BURNING FORESTS

During periods of bean-beetle devastation a few growers urge the
burning of the forest under the assumption that burning the forest-
floor litter before the beetles have emerged will eliminate the pest.
Their plan is to do the burning, under proper supervision, in the early
spring beforc the sap rises in the trees in order that the young growth
may not be killed. Such a procedure would be of practically no
value. During the heat of the day on May 8, 1930, a forest fire in
tlie Manzano Forest burnt over an eastern-slope area in which was
located hibernation cage 7. This fire occurred during one of the

FIGURE 30.—A pile of Mexican bean beetles estitmated to contain at least 300,000 beetles.

driest periods of the season, as no moisture had fallen up to this time
in May, and only 0.21 inch was recorded for this area in April. Ex-
amination on May 9 showed that all the material did not burn to the
ground because the lower portion of the material and duff was damp.
The beetles in the top layer of the hibernation material had been de-
stroyed, but down deep in the material live beetles were common.
The heat of the fire killed all young growth within the area burnt
over, yet 14.89 percent of the beetles introduced in the fall in cage 7
survived the winter and the fire and emerged later in the season.
In cage 6, on the same exposure and within 150 yards, 25.08 percent
of the beetles survived the winter. Evidently the beetles cannot
all be killed by burning. During the last six winters an average of
12.86 percent of the beetles introduced into cage 7 survived. If
burning had been an effective control measure, the survival after the
fire should have been much lower than the average, rather than higher.
The economic loss and detrimental effect of burning our forests are
so well known that any further comment is unnecessary.
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THE UTILIZATION OF TREATED BEAN HULLS AS FOOD FOR
LIVESTOCK

Because of the growing use of calcium arsenate for the control of
the Mexican bean beetle in the Southwest, the writer is often asked
about the danger of poisoning livestock with treated bean hulls. In
an endeavor to answer this question the available literature has been
reviewed, and the most important information is given herewith.

In hLis evidence in the Riverside dairy case before the United States
District Court of Utali, Gardiner, of Montana, stated that 20 to 30
grains of arsenic (As,0;) could be fed to horses and cattle month in
and month out without extcrnal evidence of injury or without any
alteration discernible on post-mortem examination, the fatal dose
being 300 grains (4, p. 4)

Reeves, in his bulletin on the alfalfa weevil (7, p. 21), reports:

The arsenic content of spraved [alfalfa] hay ranges from less than 1 grain in
terms of white arsenie to necarly 29 grains for 30 pounds of hay, and is usually
between 5 and 10 grains.  The exeeptionally large guantity of 29 grains in 1
day’s ration is within the limit of tolerance of horses and cattle. It is, therefore,
entirely safe to feed sprayved hay to livestoek, and there need be no case of arsen-
ical poisoning unless white arsenie, sodium arsenite, or some equally virnlent
poison is substituted, throngh earclessness or ignorance, for caletum arsenate.

Frederick (4, p. 8), reporting on.some experiments in Utaly, says:

Alfalfa hay dusted with 3 pounds of caleium arsenate to the acre and fed for
40 days to horses, cattle, and sheep with no other feed except water and salt,
showed no actual injurious effeets on any of the livestock under experiinentation.

Alfalfa hay dusted with 6 pounds of caleium arsenate to the acre fed to the
same livestock for a 40-day period showed no detrimental effeet; rowever, some
of the cattle did wot gain in weight.  The horses gained during the entire feeding
period, cach of them increasing over 100 pounds in weight and presenting a
steck, glossy appearance.  The [10] sheep gained during the entire experimental
period and weighed 130 pounds more at the close of the test than before; their
fleecee appeared as good, if not better, than did tne flecce of sheep fed on untreated
hay.

The alfalfa i1 question was dusted on June 19.

Ten days later the treated alfalfa hay was cut and harvested as alfalfa is usnally
harvested. No rain or other unfavorable weather conditions between the time
of dusting and stacking was encountered (4, p. 7).

The foregoing citations show that it is entirely safe to feed treated
alfalfa hay to hivestock. In order to obtain a comparison of arsenic
content on treated bean hulls with alfalfa hay, samples of lulls were
obtained as the treated plots were threshed and sent to the United
States Bureau of Chemistry and Soils for analysis. Table 13 gives
the results of the analvsis of hulls that had received two applications
of arscnicals at the proper time in 1930.

In 1931 the applications for the control of the Mexican bean beetle
were delayed until later in the season to secure data on the analysis
of late-treated bean hulls as shown in table 14. These delayed
applications are not recoininended, as they will not give the desired
results.
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TasLk 13-—Dala on the analysis of trealed bean hulls grown tn 1930

Date of |Quantity| .40 As;03 per
Insecticide used ap[;i)ll)lr?a— 321!)91\?;613 harvested 1)0}1}1‘:lllllof

Pounds Grain
Calcium arsenate, undiluted. _ . . d {:35 ]; 42 } [O] 0.025
Lead arsenate, undiluted._. -4 o {ﬁgg ]1 gg }Sept. 16 . 035
Magnesium arsenate, undiluted _______ ... ... {Qgi ]; (73:1; }..(lo ..... . 042
Zine arsenite, undiluted. .. _ . {ﬁgi ]; :4;2 }_dn. . 035

t Harvested on Sept 16 or later.

TanLi t4—Data on the analysis of lale-treated bean hulls tn 1931

Date of |lentily| Date |A520 lp(-rr ) .
Insecticide nsed appliea- | applied |, "7 pound o temarks
tion per acre |h‘"‘ ested hulls

| Pounds | Grain
Caleium arsenate, undiluted._. . {ﬁgg ;3 é g?; }Sem. 15 0.68 | Samnple was mostly leaves.
Do B 7 1 PN I
Do.. __. [T SUSURRRUURON: 11 {235 ;3 ! 2 :;(2) } 4 T — .14 | Sample was mostly pods.
]

The first two samples in table 14 were coniposed mostly of leaves,
with very few pods and leaf stems or petioles, whereas the third
sample was composed mostly of pods, with a few leaves and stems.
In submitting saniples for analysis, only that portion of the plants
ordinarily consunied by horses and cattle was included.

Table 13 shows that where the plants were treated aecording to
recommendations, the arsenic content of a day’s ration (30 pounds)
of treated bean hiulls ranges from 0.75 grain, in terms of white arsenic,
to 1.26 grains. Table 14 shows that in the delayed treatinents,
whieh are not recommended, a range of from 4.2 to 20.4 grainsfor
30 pounds of bean hulls resulted.

On the basis of Gardiner’s evidence, it is apparent from the results
of the analyses given in tables 13 and 14 that treated bean hulls may
be fed to horses and eattle with safety, when the plants are treated
according to reeommendations; whereas table 14 indieates that it is
not advisable to delay applications until late in the season when the
plants are maturing. The quantity of white arsenie (arsenious acid,
As;0;) per pound of hulls will depend on the quantity of material
applied, the age and size of the plants, the atmospheric movement at
the time of dusting, the quantity and eharacter of preeipitation, and
the interval between application and harvest; as well as the length of
time harvested vines are left in the field before being threshed, the
niethods followed, and the weather conditions encountered during
threshing.
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SUMMARY

The bean beetle passes the winter in only the adult or beetle stage.
In the Estancia Valley, N.Mex., overwintering is confined primarily
to the vellow pine forest zone with conditions becoming more favor-
able where oak trees are found in the association.

Contact moisture is the stimulus influencing emergenee from hiber-
nation. The time and intensity of the initial infestation of over-
wintered beetles depend on the suminer rains and the prevailing tem-
perature during the period of precipitation or subsequent thereto.

The period between emergence from hibernationr and oviposition
averages about 10 days in the cool elevated areas of the State.

The average number of eggs deposited per female is about 900.

The developmental period from egg to adult depends on the seasonal
temperature; in the Estancia Valley 40 days or longer is necessary.

The bean beetle has no known natural enemies of economic mpor-
tance in the Southwest.

Drought periods are detrimental to eggs and larvae, especially when
they are accompanied by dry hot winds.

Investigations show that the bean bectle can be controlled with
profit in dry-farmed areas where conditions warrant the use of control
measures.

Evidenee is given that insecticidal ““burning” following the use of
arseniecals is due to high humidity combined with low evaporation
following the treatment. .

Spraying or dusting with caleium arsenate are the niost economical
control measures.

Growers in the irrigated areas in the southern part of New Mexico
can avold injury to beans from the beetle by early and late planting.

In the consolidated bean areas cooperative community collection
and destruction of beetles along the foothills in the fall will contribute
to the control of this insect.

Evidence shows that burning forests in the spring is not effective
in controlling the beetles.

Bean hulls from fields which have been properly treated may be
utilized as food for cattle.
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