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UNITED STATES PEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

' HABITS, 5 TFE HISTORY, AND CONTROL OF THE
= MEXICAN BEAN BEETLE IN NEW MEXICO

By Y. R. Pougrass, asseciate enfomologist, Division of Truck Crop and Garden
" : I'nsects, Bureow of Entomology 1 :
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INTRODUCTION

B fs The Mexican bean beetle” is the most serious insect enemy of beans
¥ gnin the infested districts of New Mexico. Although beans have been
T grown by farmers in the foothills of the Estancia Valley for years, it
’ was not until 1914 thet the first commercial plantings were made, at
which fime four carloads were produced. During the World War
demands for increased production and the introduction of modern
farm machinery permitted the plantings o be increased to about
85,000 acres. The bean beetle increased with the increase of com-
mercial acreage, and large acreages of beans were defolisted along the
foothills. As the industry was threatened, an appeeal to the Federal
Government was made for a study of the bean beetle in the valley,
and the writer wes sent to Estancig, N.Mex., in the summer of 1923

' Acknowledgments are due Herry snd Cecll Glover, of Tajique, and Rea Brown, of Estanels, whoplséed
tholr entire bean plantings at the disposal of the writer without compensation end cooperated by furnlshing
teamn, {zactare, And labor in epplying insecticides and securing date on yields; Y. 0. Bachmasn, who
operated thermographs in the foothills west-of Talique and prepared, plsnied; and cultivated flelds from
-which infestation records were obtalned; Fraoi Moore, who kindly threshed i 1530 foothill plats withoot
cotnpensation; the U.3. Forest Bervige, especially the Manzano National For i force, for permission .
utilize certaln areas for hibarnation studles snd for help In varlous ways; the Banta Fe offles of the U.8,
‘Weather Bureay for materclogical data; E. B. Wigplns, fleld assistant, who rendered valusble assistanse in
securing fleld dats for 4 sensons; snd [armers and bean-warshouse owners, whe willingly plecad at the

writer's service every possibie menns to feciiitate the investigntione.
1 Epifackna corrupta Muls.] order Coleopters, fumily Cocclneliidae,

I75M4°—3F—1
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to establish a field Isboratory. TFhis bulletin reports studies con-
ducted up to December 1931, The information is intended to
dcquaint the agriculturists of the Southwest with the habits, life -
history, and eontrol 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
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FIGURE 1—Injury to bean leal caused the faading of larvee of the Mexicun bean beetle. Slightly

er? arged (M. ¥. 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 agrienltural tribes are to be found varieties
of beans which have survived the race under whose husbandry they
onginated. Through centuries of -iatural selection this insect has
prodivced a type eminently adapted to remain in hibernation through
the dry, hot period of spring and to emerge with the coming of tﬁe
? Italle numberms {1 perentheses refer to Literature Cited, p, 45.
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summer rains,” Its reproductive eapacity makes this beetle s pest of
primary economic impoertance. .

The Pinto bean (Phaseolus vulgaris) is the only variety of bdan
grown commercially in the Estancia Valley and therefore is the only
‘varicty workdd Wlﬁg 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 insscts. They feed on the undersurface of the
leaves, and their fca.din%]can be distinguished as follows: The beetles
eat ragged holes through the leaf, but often do not cut through the
upper surface, leaving the larger veins and portions of the upper

* ¥Fioury 2—Feeding marks of the Mexican besn 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 resultsin a
peculiar network (fig, 1). At first the larvae feed in groups near the
egg Taass but later become seattered as they crawl to other leaves in
search of more food. The more in{m’ed leaves up and drop from
tge plhmt, whilé others, not completely skeletomzed, hang dead on
the plant.

though the insects feed chiefly on the leaves, all parts of the plant
above the ground are subject fo attack. After destroying the leaves,
they will attack the green pods (fig. 2) and even the sterns. When
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‘the irisects ars numerous, aninjured plant presents the appearance

_ of being completely dried out.

The primary ¢auses of reduction in yield are the destruciion of the

_leaves and the injury caused through the eating of the blossems and

" the feeding on the young pods, which results in deformity ard drop-
“ping. The e&mds that have been injured by being fed on become

water-sosked during reiny westher, and comseguenily the beans
become discolored and are therefore of & lower grade. This deteriora-
tion often takes place after the beans have been harvested and piled
ani 'small shocks to cure before beiny threshed. :

The extent of injury depends upon the number of insects per aere,
the time of their appeerance in the field, the condition of the plants,
and seasonal variations, Under a heavy infestation cornplete defolia~
tion will result early in the season so that only a few pods will be pro-
duced per plant, provided nothing is done to prevent destruction

F:GURE 3.—Field of beans near Tsjique, N.Mex., destroyed by the Mexican bean hestle,

(fig. 3). Defoliated ﬁélds 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

Experiments were undertaken to determine the relation of foliage
injury to decrease in yield. Areas were selected where the soil was of
uniform charpcter and where the spacing of the plants was as regular
as occurs under mechanicel planting, Each 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 the second series were similarly defoliated on August 11; and
those in the third on August 2i. The leaves of each plant were
counted and the desired number removed to give 10 percent defolia-
tion or a multiple thereof. Thus 10 percent of the leaves were
removed on the first row, 20 percent on the second, and so on until
100 percent defolintion was reached, as shown in figure 4. Care was.
used to remove a fair sample of the different stages of leaf growth
at each defoliation.
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- F _ii'ur‘h" e 4 gives the percentages of foliage destroyed and the eom-
- bined’yields of the three series. In general, the results show that there
g

¥ s g direct relation between defoliation and yield. The'yield of beany

froia the August 1 defoliation was 99.3 ounces, as compared to 131.4
ounces for the Angust 11 defoliation and 326.8 ounces for the August
- 21 defoliation. When considered separately, these and simiilar
experiments also showed that the earlier 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 Hstancia Valley the beetles begin their fall migration
in search of suitable hibernation quarters in early September and.
reach the meximum flight during the latter part of September and the
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F16yEE 4.—Reduction In vield of dry shelled beans from 13 rows, resulting from various degrees of hand
deloliaticn after blopming had begun. The fignres in the bars indicate tha 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 insect
in the Estancia Valley from 1923 to 1930, during which time 286,327
beetles were used in field-hibernation studies.

The hibernation cages used during these investigations were con-
structed 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 covered with 14-mesh screen wire, and had removable
tops (fig. 5). After the beetles had besome dormant, the I4-mesh
sereen wire tops were exchanged for 1-inch mesh wire tops which per-
mitted snow to exter the cage and at the same time excluded intruders.
These tops were again exchanged before activity was manifested in
the spring. In this maaner conditions 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 yeiiow pine.
zone, 1 in the pinyon or nut pine forest zome, and 3 in the grema-
griss sssocistion.,

These studies show that tha character of the hibernation material
bas an important effect on the successful overwintering of this insect,
Suitable material is one that permits beetles to enter and emerge
readily, and at thesame time protects them from rapid changesand low
temperature. The material must also retain moisture and prohibit
too raprd dr{ring out. Qaklesves and f)ine needles, alone or in combina-
tion, when lying in well-protected places under good drainage condi-
tions, are the moat favorable materials. Compact materials such as
inyon needles are unsuitable, as beetles are unable to

fir, cedar, and %_
enter them. eeds are the most unsatisfactory material found, as

they permif rapid thanges in temperature and moisture, Russian
thistle (Salsola pestifer) i= the most abundant and widely distributed’

Fiaore 5—Type of hibernation cage used in studles of the Mexican bean bestle, The salf-recording
E%hher instrument is In the white Zox above the cage and the rain-gage stand is just beck of the lock on
bdoor. - -

weed in the Estancia Valley. When mature, it breaks off at the
surface of the ground and rolis 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.

Figure 6 shows that on February 10, 1929, the air temiperature
decreased to —27° F. at Estancia, as compared with ¢ temperature
of 25°, under a 6-inch blanket of snow in the hibernation material of
osk leaves and pine needles in & near-by cage, as registered by a
distance thermograph. At the same {ime temperature in the hiber- -
netion material n an adjacent cage, where Russian thistles were used,
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decreased to —1°. This demonstrates thiat weeds hold the blanket
of anow off the ground, permitting the temperature to fall below the
killing point. '
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FIGURE 6. —Temperature records for the weak ended February 11, 1029, at Estancls, N.Mer., showing the
comparison between air termperature anc the Lomperatureul the i:ibemati.pn material used by the Mexican
besn beelle. Oak leaves apg pine needles were the Libernation material in the npper record (A) and
Russian thistles in the jower {B). The solid Line indiemtes the pir temperasure and ths dotted line that of
the hibernation moteriai.

FI6URE T—Mésican benn bootles hibernsting in.oak leaves and rine needles {N. F Howsard).

The evidence secured in these investizations shows that the over-
wintering of the beetles is confined primarily to the ]Zellow- pisve forest
gZone ;‘nltf that conditions become more favorable where oak trees sre
found in the aseocintion, s shown in figure 7, ' ' ,
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The sketch map of the valley (fig. 8) shows that the yellow pine
forest zone occurs only along the western edge of the valley, and
that therefore the valley has » l-way invasion of overwintersd
beetles. A study.of the arrival in the fields ecrly in the season
confirms this statement, as the first overwintered beetles sre found
in the foothill-canyon fields, from which they later migrate down
the canyons into the valley. This point has been checked by the
use of marked beetles that wers liberated in the heads of the ¢Anyons
and later recovered in fields lower dewn. Also, the beetles are
more numeroas and the damage greater along the western foothills,
east of the Manzano Mountains, than out in the valley. The Mexican
bean beetle is not a serious major pest in areas remote from suitable
hibernation quarters, as in the eastern part of New Mexico. Thera
are & number of areas in New Mexico that have a 1-way infestation,

e TN TA gy
FX oiCh rias
,..

(AR
[

FiGURE B-—Sketch inap of the Estancia Valley showlng plant commanities.

Stacks of bean hulis (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 livestock during the winter,
although a few are not utilized for several years, No initinl infesta.
tion has been traced to these stacks. Whai few beetles remain in the
shocks at threshing time are usually separated out with the dir$, and
very few, if any, are blown into the stack of hulls.

-The effect of climate on the overwintering of this insect has been
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 insect, 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 mountains, and during periods of below-zerc weather the
ground is usually covered with snow, which protects the beetles from
.o fatel temperature by its insulating qualities. The preferred hiber-
nation material also acts as an jasulator, The indications are that
precipitation is the major facter aﬁ'ecti.tf survival from hibernation
and that as the temperature deireases so do the moisture requirements

of the beetles. Apparently the seasonal distribution of moisture is
more important than the quantity. According to the available evi-
. dence, the spring is the critical period during hibernation when periods
- of excessive rain and heavy, wet snowfalls followed by cloudy condi-
tions occur or prevail. Damp or rainy weather, however, is favorable

FIGURE f.~—8tack of bean hulls, worth about one half the value of alfalls a3 feed for cattle.

to the parasite fungus Sporotrichum globuliferum, which may cause a
_high death rate among the overwintering beetles.

EMERGENCE FROM HIBERNATION

The emergence of the beetles from the hibernation cages was studied
ab 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 emergence studies were located in the
yellow pine (Pinus ponderosa) forest zone that covers the hizher
rolling hills and the lower and drier slopes of the Manzane Mountsing.
The locations of these cages represented a typical 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 cage 5, 15,000 in cage 7, and 5,000 in cage 8.
176244°—33—2
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All the beetlas were collécted in the irvigated area near Hoehne, Colo.,
and in the Rio Grande Valley, north of Albuquerque, N.Mex.
The temperature records used in this connection have been compiled .
- from the meteorological records of a cooperative observer of the United
States Weather Bureau at a station E)ca.ted near Tajique, 3 miles
- northeast of the location of the foothill experiments. The locations
of the wenther station and of the Tajique Canyon cages are very
similar in regard to exposure, topography, drainfgse, and environment.
The precipitation date were obtained from rain gages close to the
different, cages in order to insure accuracy (fig. 5).

Examinations of the cages were made as often as time and other
conditions would allow; usuelly daily, or at least every other day,
during the emerging season. "After emergence became general the
active beetles were removed from the cages when examinetions were
made, and the numbers thus removed were used in computing the
percentages given in the accompanying tables.

During the season of 1926 the first emergence in the foothills was
on April 8, when 5 adults were found on the screen in cage 8. These
beetles later reentered the hibernation material. Xmergence occurred
sgain on May 2 and continued irregularly until July 80. This emer-
%ence‘ period extended over 89 days and was very general and intensive

or severs) 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 in this cage. During the same period §45
beetles out of 1,112, or 58 percent, emerged in cage 5, at an elevation
of 7,050 feet. In table 1 it will be noteg 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 differcnces in local
condifions.

TABLE 1.—Emergence of the Mexican bean beeile from hibernation in coges 5 and 8,
al an clevation of 7,050 feet and from cage 7 ol an elevaiion 7,000 feel, during
1986, Tajique, N.Mez.

Average Besties emerging from—
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Week ended tampers- | FreciDl-
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‘I‘,‘L{ggjf Cogod | Gnge0 | Coge7
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.48 0 i
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T
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O e T
Baskkiniy

BERENGESRRERARET
O = b G B0 C0C bt b G OO0 O
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In 1927 the first beetles emerged in the foothills ¢n April 2, when
two adults were noted crawling over the hibernation material in. cage
-+ 7, ‘These beetles later reentered hibernation. This appearance and

_disappesrance continued at intervals until May 3, after which the
active beetles were removed from the cages as they emerged, Sturt-
ing on May 3 and continuing until August 6, this emergence extended
over 95 days, with two short periods of intensive emergence,

The first intensive emergence occurred from June 14 to 17, inclu-
sive, and the second from %tme 28 to July 1, inclusive, During the
first period of 4 days 1,938, or 33.54 percent, emerged, and during
the second period of 3 days 982 beetles, or 16.13 percent, emerged.
On June 16, 1,126 beetles, or 19.49 percent, 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 percent, emerged, as
shown in table 2.

TaBLE 2—Bmergence of the Mezican bean bestle from hibernation in cage &, al an
- elevation of 7,050 feet, cage 7, at an elevation of 7,000 feel, and cage 8, of an eleva-
ton of 6,975 feet, during 1927, Tajique, N.Mez.

Averago Beetles emerging from~-
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Collections from the hibernation cages during 1926 and 1927 are
shown in figures 10 and 11. The emergence from the cages is sum-
merized in fables 1 and 2. The rates of emergence from the cages are
very similar and in genersl the beetles respond to the precipitation
stimulus (8).

Tabie 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
oceurs at much lower temperatures during periods of rainfell, but the

_ beetles resume hibernation after the rain cemses. Local showers

during the heat of the day bring more beetles out of hibernation than
would the same rainfall at a lower temperature. Loea] rainfall over
one canyon ares. has no effect on the insects sbout to emerge in
adjacent canyons. It has been noted that whenever henvs rains are
preceded by hot, dry weather, the majority of the beotles ererge
within a period of & very few days.
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Figures 10 and 11 show that in general the greatest numbers of
bestles 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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Froure 10.—Graph showing collections of besties {rom cazes 5, 0, and 7, located in the yallow pine forest
zone, the Mex(can bean beetle’s noturs! hibernntion quarters, dunng tha emergence scason of 1026, with
concurrent preclpliation ond termpersiure.

trated by the data in these grophs, which show a definite relation
between rainfall and emergence, and that the intensity of emergence
is governed by the temperature. The indications are that rainfall
starts the emergence and favorable temperatures prevasiling during
the period of precipitation or subsequent thereto act as an accelerator.

PRECIPITATION
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Ag further evidence (table 3), in cnge 5, at an elevation of 7,050
feeb, the greatest number of beetles emerged in 1925 on June 10,
“when, mt%in a period of 5 hours during an experimeent in: which
water approximating 13 inches of precipitation was sprayed into the

1200 - | : ah

f.10d

Looo

900

BCO

700

&00

soa

MEAN TEMPERATURE (°F)

40

oo

280

BEETLES EMERGING FROM HIBERNATION (NUMBER)

100

o—4

FRECIPITATION
{INCHES)

10 20 IT I 20 IAn 10 20 An

MAY JUNE - JULY

Fiaure }1.—Caph showiog collectinns of heotles from cages b, 7, and 8, loeatad In the yellow pine forest

" zong, the Mexican bean beatls's netnrsl hibernation gusrters, dering the amergence sesson of 1827, The

exceptionally high har ropresents tlie emergense of 2 days, Concurrent precipitsiion and temperature
records are dise shown,

"enge, 64 beetles, or 49.23 percent, emerged, On May 10, 1928, a
roof was placed over cage 6 and the sides screened with muslin to
keep out all precipitation during the emerging season. On July 31,
1 inch of water was sprayed into the cage, and ‘within 2 hours 72
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beetles, or 58.53 percent, responded to the stimulating' effect of
contwct molsture. o : ' .

- Figures 10 and 11 and tables 1 and 3 all show that there is a definite
relation between precipitation and emergence of the bean beatle from

" hibernation and that the percentage emerging is directly influenced
by the temperature during the period of rainfall.

Tasre 8.—FEmengence of the Mexican bean beefle jrom hibernation on some of the
hottest and wettest days, Tejique, N.Mez., 1524-30 .

Temparature 1
' Foven | Bettes emerging
1 ini- on § cHes £S5 BT N4

i Mean |

1924 . R °F.
Jupre 37 e e . 67
678

1]
8.5

BEBE

BEE  BIREH

JUne 16 e e

July 3
BT
Jaly 0. ..
July 31

1930
Jupe 2o k g

.24
228

1 Artifieiel precipitation. 1 Ralped 1ate the preceding aftarroon,
APPEARANCE IN THE FIELD :

Merrill (6, p. £) states: ““ Adult individuals of the bean beetle that
have passed the winter successfully appear on the bean plants rather
late. In the Mesille. Valley one finds them in smell numbers after -
the first weex in June,” Chittenden (2, ﬁ 7) makes the following
statement: “It is somewhsat remarkable that the beetles remain in
hibernation during the last days of May and the first half of Juns
when high temperatures, frem 90° to 95° F., often prevail.” List
(6, p. 14) says:

They begin to disappear for hibernation in the fall as soon as froet injures
their food Ipla.nta and no more activity is shown until in June when they suddenly
appear. 1t 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 appearance of the beetles has been explained
by studies on emergence which showed that rainfall is the stimulus to-
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pmergence, especially affer the mean temperature hes risen to 50° F.
Summer rains do not generally occur until late in the season, and
therefore the beetles do nof 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 canyons nearest the mountaing where the natural hiberna-~
- tion -quarters were located. TField 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 Afuers 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 letter, and
does not give a true picture of the rainfall occurring over the hiberna-
tion area of that ﬁelg.

Figure 12 shows that the fixst beetles of the season were recorded
in field 1 on June 2, 1930. A rain of 0.29 inch had fallen cver the .
Tajique Canyon locality on May 31, which stimulated these few
beetles to emerge. There were general increases in the mumber 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 Juse 16, 0.07 inch of rain
fell over the drainage area of this canyon and stimulated emergence,
with the resuit that the number of overwintered beetles increased
from 56 on June 13 to 135 on June 16, and from 249 on June 18 fo
360 on June 20. ¥rom June 20 to July 3 there was only & gradual
increase in the infestation. Ab times the number of beetles migrating
out of the field on down the canyon was greater than the number of
beeties 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 ¢f overwintered beetles increased irom 612 on July 3 to
3,840 on July 5, when the peak was reached. This number taxed the
small plants to their capacity, and there was a rapid decrease in the
nimber of beetles.

Ficure 13 shows that the initial infestation of overwintered beetles
in ﬁjéd 2 increased from 7 on June 18, 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 & 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. From July 8 to 12, inclusive, there was little change in the infes-
tation. On July 15 heavy rains fell over the foothills, with the result
that an increase in infestation wes 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 end 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 ouly, 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 illustrated *n figure 13. - Thus the beginning ai:i
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
& J-acre field in the foothills during the seasons from 1924 to 1930,

- inclusive, There were very few bestles during the pericd from 1924

 to 1927, inclusive, and following this period there was a great increase
- each year in the number of overwintered beetles in the field. This

ao

MEAN TEMPLRATURE {*F}

IRITIAL INFESTATION OF OVERWINTENED BEETLES IHUHBER}

a
o

PRECIPITATION
{INCHES)

4 i _i_._l - e
£+ 20 30 E1+ ¢ 0 tD

JUNE JULY AUG.

Fiouae 12.—Greph showing the number of overwintared Mexican bean hestles counted on one third ecre
field I during 193y, with temperaturs and precipitstion for the period.

ghows the rapidity with which this insect can multiply when condi-
tions permit, even after several seasons of adverse weather conditions,

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

10 20 an 0 20 an 10
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o
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L
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o
o

MEAN TEMPERATURE ['F}

INITIAL TNFESTATION OF OVERWINTERER BEETLES {NUMBER)
5
o
]

(INCHES)

PRECIPITATIDN

JUNE JULY AUG.

FiourE 13,—Craph showing the number of Mexicen beon beustles on 1,200 feel of row In fleld 2 during 1940,
with terupwrature and precipituion 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 condition of plants during the spring migra-
tion period. It has been noted for a nmumber of years that beetles
are more numerous, and therefore more destructive, on plantings on
sandy soil than on those on heavier soils, even though the plantin

were made at the same time and in the same community, The sandy
soils warm up earlier in the spring and maintsin a higher temperature

BEETLES (NUMBER)

1924 1925 1626 1527 1328 1929 1930

FiguaE 14,-~Graph showing the maximum aumbers of overwintered beetles on a i5-acre field in the ldot-
hills from: 1924 to 1930, inclusive.

thap heavy soils. Therefore the seed germinates faster, and the plants
make a quicker growth early in the season and are larger and more
attractive at the time the spring migration occurs than are the
plants grown on heavier types of soil. 'This insect prefers vigorous
and rapid-growing plants on which to feed and lay its eggs and will
avoid dwarf and stunted plants, as they afford very little protection.
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PERIOCD BETWEEN EMERGENCE
FROM HIBERNATION AND OVL
POSITION - -

The period between emergence
from hibernation and oviposition is
gresiter in the case of females which

€émerge early than in the case of those

which issue later in the sesson. ~Fig-
ure 15, illustrating the rete of egg-
meass 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 (8.9) days.

OVIPOSITION

Figure 15 shows that the shortest
oviposition period, as ascertsined
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 inierval between
deposition of ege 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
- {rom 2.34 to 4.25 days. The num-
her of egz 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 eges per
mass is 53, the average number of
eggs deposited per female is about
900,

DEVELOPMENTAL PERIOD
INCGBATION PERIOD

Temperature greatly influences the
duration of the incubation period of
the Mexicen bean beetle, as is shown
in figure 18, The incubation period

in HEstancia Valley ranged from 7 to .

20 days, with the temperature aver-
aging from 56° to 76° ¥. The greater
number of eggs hateh in from 8 to
10 days in summer, and as copl
weather approaches the period is
prolonged.

MR
[ ]

e

SEPTEMBER

NN

FEMALE NO, -

FioURE [5,—Dated of sge-mpss deposition by
18 mated females of the Mexican besn beetls
that emerged from hibetnation on July I,




oot ST T S - PO T T B :
k=1 N R P .y T
} S

20 TECENICAL BULLETIN 376, U.S. DEPT. OF AGRICULTURE
" LarfvAL PERIOD

. During the summer the larval period ranges in length from 21 to
© 27 days, depénding upon ‘the temperature and the abundance of
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INCUBATION PERIOD {DAYS)

Fizure 16.—Reintion of lergth of incubatior perlod of the Mexican bean beetls to {emperature, Estancia,
M.Mez, The figures in the olrgles represont the oumber of cases.

favorable food, as shown in table 4. Either a deficien$ food supply
or low temperatures, as experienced during the Iatter part of the
growing season, will prolong the developmental period of the larva.
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Tapre 3.—Developmental period of the Merican bean beetle in Estencia, N.Mez.

Tnou- Duration of irvalinstas | pupa. | Date ot | Do | Mean
Fxperiment no. | P | bation tion | emer- |velos| fem
pariod | picct [gecond) Third | Fourty | Peod [ Be0C® J period | ture
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TUPAL 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
ez to adult is shown i figure 17.
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FigUrE 17—Influencs of temmperatare on the developmental period of the Mexican beac bectle. The
figures in the clreles show the number of egg mnsses ‘hat were renred from egg to adult o the nupzber of
days given and at the mean temperature piven.

SEASONAL HISTORY

The seasonal history of the beau beetle for 1930, as illustrated in
figure 18, was determined from records on emergence from hiberna-
tion, appesrance in the fields, and the life history throughout the
season. The seasonal history varies from season to seasomn, epending
on the timie and intensity of emergence from hibernation and the
appearance of the beetles in the field, as well as on other factors.
The time and intensity of the early summer rains are governing
factors in the seasonal history. A semson that is {avorsble for the
erowth snd production 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 hesns are unfavorable for
the development of the inseét. . 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 season. Plants made good growth
during July, and ‘development was accelerated ; but the drought of
August snd September checked the growth and fpermitted the larvae
to consume the foliage before a large number, of them had matured,
with the result that they starved and those that had pupated were
exposed to excessive detrimental temperatures.

T ¥ T T T T T T T T T T T
] H a5 13 11 25 | 5 15 5 5 is a5 11 15 25

JUNE JULY AUG, SEPT. ocT.

Fraune 18.—Beasonul history ‘of the Mexican bean beetle in Estancia Vailey, N.Mex., in 1030, &5 deter-
mined by feld observations and infestation counts,

The number of beetles entering hibernation in the fall, the num-
ber that successfully overwinter, and the time and percentage of
emergence from hibernation are impoertant factors in commercial
production of besns in areas where this insect is an important eco-
nomic factor. There are eight possible combinations which may be
encountered: (1) A large numgm' of beetles entering hibernation
and succesefully overwintering, with early emergence from hiberna-
tion; (2) duplication of the first case, but with late emergence from
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“hibernation: (8) a large number of beetles entering pibernation, snd
early emergence, but with a high mortality in hibernation; (4} dupk-
cation of the third ease, but with late emergence from hibernation;
(5) a small number of beetles entering hibernation and suecessfully
overwintering and emerging early from hibernation; (6) duplication
of the fifth case, but with a high mortality in hibernation; (7) duplica-

. tion of the fifth case, except for late emergence from hibernation;

{8) duplication of the fifth case, except for high mortality in hiberna-

tion and late emergence from hibernation. Obviously the first case

is the most threatening and the eighth is the least.

NATURAL CONYTROL
NATURAL ENEMIES

It iz o well-known fact that the bean beetle has no native parasite
of importance to bold it in check. 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, Nemordle maculose Meg.,' 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 confirm the fieid
observesions.

Turkeys have been observed feeding on beetles in the field.

EFFECT OF METEQRQLOGICAL FACTORS IN SUMMER

Drought periods accompanied by dry winds often oceur 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 younﬁ larvae to high temperatures. Such pertods are
noticeably detrimental to the eggs and cause them fo dry and collapse,
Only during such periods are the common thrips, Fronklintella tritici
Titch, 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 tise season of 1928 the
first egg mass was noted in the fields on June 15, and the first larvs
hatcheg on July 12, or 27 days later. All of the egg masses up 0
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 trace
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 thew
role in the collapsing and falling of eggs.

1t has been noted that hard rains will knock beetles off the lflants
and that they will become stuck in the mud on their backs. uring
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 females laying eggs.

+ Detertnined by 1. M. Aldrich, s Determined by E. 4. Chapin,
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ARTIFICIAL CONTROL
CONTROL EXPERIMENTS IN 1323

GENERAL CONDITIONS

Experimentsl work in 1929 was carried out on the Glover ranch,
located about 4 miles northwest of Tajique in the foothill region of the
Estancia Valley at an elevation of 7,200 feet. The ranch ts sitnated
near the lower border of the yellow pine forsst zone, where the yellow
pine and pinyon forest zones dovefail into each other on aceount 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 bean 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 currents down the canyons to the bean fields.

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

PFROCEDURE

Plots were laid out and staked off 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 arsenicsls 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, & few days before the first application was made. The
materials were weighed out and then mixed in a baker’s sifter and
miver for 20 minutes at 60 revolutions per minute. After the ma-
terials had been mived they were stored in tins with tight-fitting tops
untit used.

TaBLe 5.—Temperature and precipitation recorded al Tajique, N.Mez., elevation
7,100 feel, during the conlrol-experiment period of 1929
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The applications weire made with a 4-row, §-nozzle, heavy-duty
traction duster, equipped with bean-beetle attachments.

The weather data for the control period were recorded by Mr,
Glover, a cooperative Weather Bureau observer (table 5). The
atmometer readings were those recorded from set-ups located on the
edge ‘'of the field (table 6).

TavLE 6.— Evaporafion (cubic centimelers) registered of Tajique, N.Mex., elevalion
7,200 feol, during the conlrol period of 1929

IEvaporation Evaporation

For week ended— J For week ended— .
Whiie Talfier- Whila
sphere anee sphere

i
|
Iy

July 6oL 1. X R Aug Ml . : 50.0
July 22 | AT 5. 8 015 Auw, 19 199, 2
July 2o . . LG ANE. e e L X 1677
AUg, B e A 9. 50|

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 half of
the check, or untreated, plots, and three sixteenths of the treated plots.
In the Iistancia Valley the general practice is to figure the ratio of
beans to vines as 40 percent beans {o 60 percent vines, ‘This estimate
was determined hy farmers who sold by weight their entire bean hulls
to cattlemen. To be conservative, the yier 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 commercial 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 te G7, inclusive, svere conducted on the Glover ranch, the location
ol which has been discussed. Experiment T9 was conducted in a
field in Tajique Canyon at an elevation of 6,850 feet, riear the lower
border of the yellow pine forest zone. The locations of these experi-
mental fields were ideal for heavy infestation, as excellent hibernation
quarters for the bean beetle are found in the yellow pine forest zone
adjoining the felds,

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

The field on which experiment I8 was conducted was located in
Estancia, and the field on which experiments B10 to B12, inclusive,
were conducted was situnied on the south slope of Arroyo Mesteno,
10 miles southwest of Estanciz. Both ficlds were indgated, and the
latter field was planted on June 21, which is vather Iate 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 #s during fthe preceding season, except
- that the arsenicals were also tested with the addition of lime, and
- ‘sodinm fluosilicate was used undiluted.
~ The applications of dust to experiments G1 to G7 were made with &
5-row, 10-nozzle, power duster, mounted on a tractor. 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
traction crop duster.

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

TaBLE 7.— Temperature and precipifation recorded at Tajigue and Estancia, N. Mezx.,
al glevations of 7,100 and 6,100 fecl, vespectively, during the conirol period of
1930
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TapLe 8-—Fvaporation. (eubic centimeters) registered al Tajique and Estancia,
N Mex., af eﬁmt:‘ans of 7,200 end 8,100 feel, respectively, during the conlrol
persod of 1930 :
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DISCUSSION OF RESULTS

The insecticide used, date of application, size of plot, quantity of
materials applied, per-acre application, cost per application, and the
cost per acre are given in tables 9 and 11 for 1929 and 1930, respec-
tively. '

TABLE S.—Insecitcides used and cosis of applicntion in Mezican bean beeile control
in the Bsiancie Valwey, N.Mex,, 1529

Cost per applien- | cogt per eere
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Quantity ap-

=)
3
=
E]
)
=
T
2
x
A

Size of plot
Material
Labor
Total
Muaterknl
Total

]

TR EERERERERERES

-

]
o

I
-
-

pat e

SERRRESNERARGREBRRGUR

Calelin  arsennte, undi-
luted.

prBHED
bt ek ok
e

Lead arsenate, undiluted__.

e
Lk

Magnesigm grsenate, un-
diluted.

P ———

Zine arsenite, undiiuted. ..

bl ki cA uk ol

SHEREREHBESESRIENNALSEES

P

ReRwERiepnihReg
B REeREREIBRANER

Calcium arsenate, undi-
luted.

ERappomanon

HRRERE

[ArpErpTR

Sodlym flnpsilicate, 1 part
to 2 perts of lime,

PSP e 1 [ 40 1O $9 5 b D 1
HEBROTUSONERERBRBYNER

P

Sadiren fHuosifionte, | part
to 2 parts af sulphur,




28 ' TECENICAL BULLETIN 376, U.S. DEPT. OF AGRICULTURE

Tasiw 10.—Summary of financige relurns from the use of varfous insecticides on
beans Infesied with the Mexican bean beetle tn the Eslancia Valley, N, Mex., 1085

Differ-
rnge
per

acra be- {‘E?citt?{

TInseckiclde used t‘;ff_n ment

treated B
and

trealed

platgt

Aeres| Pounds) Powwds] Pounds Dollery | Dollare | Dollars

Control or uptrented L0Z | 1,W47

Celeinin grsenele, nndiluted. | 1. 0, 202

Conlrol or untrented . ____ ]

Lead nrsepate, undiofed

Control or untrented

Mjagncsium arsenote, undl-
uted,

Control or untreated

Zinsavsenite, uadilnted.

Control or untrentad

Caleium arsennte, undiiuted_.

Control or untreated_ . ___._ |

G, _ ¢ Sodiwin floesilicais, 1 part o

2 parts lime.

. Sodium Auosillents, 1 part to
2 parts sulpbor,

Control or untreated

* From average of cheeks nn both sides,

2 Beand at & cents per pound and hulls a4 35 per ten,  Oae third of yield was figured as dry beans,

% Difference in yicf)d per nere between the 2 trected plots end the lowest yieldine uintrepted plot, 8s they
received 1 less cultivation than {he other piots on aceount of Tains,

TasLE 11.—Tnsecticides used and cosls of applicetion in Rexican bean beelle
controf, 1950
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The insecticide used, area of plot harvested for yield records, yield
per plot and per acre, percentage incrense, and the value of increased
yield are given in tables 10 and 12 for 1820 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 sel{-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 1829. Ta 1930 the
value of the hulls was not included in the reckoning. At the prices
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1—2%

CALGIUM ARSENATE = .
SOBIYM FLUGSILICATE 1—2L

, " — o

~UNTREATED
SODUM FLUOSILICATE

UNTHEATED ~
S—
. UNTREATED

Fie 10.—~Comparative yleld per sere of unthreshed bean vines prodoeed oo treated
IOURE P ?1']: the Estancla Valley, M. Mex., Ex 1820, o nad untreated plots

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 yield 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 (CUromyces
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 beetle before the disease becgme
general. On September 17 the untreated plots were completely de-
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foliated, while the sodium fiuosilicate plots showed 90 percent defoli-
ation, and the beetles were feeding on the green pods. Leaves on the
plots treated with arsenicals were green, and beetles from devasted
and harvested fields lower down the cenyon were entering the plots
in large numbers. In general, calcium arsenate gave the greatest
protection to the foliage for the longest period 0% 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 field nearest the
canyon, where it received a very heavy infestation of overwintered

YIELO PER ACRE (POUNDS)
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_UNTREATED:® -

UNJREATED - -
. CALCIUM “ARSENATE

~MAGNESIUM ARSEMATE

. CALC{UM ARSENATE ..
UNTREATED

o

Fi60RE 20.—Comparstive yleld per acre of reclesned beans produced on treated and untreated dry farmed
piots in the Estancla Valley, N.Mex., in 1830,

beetles. Yet an examination of table 10 and figure 19 will show that
their yields were far less than those of the remaining unfreated plots.
~ No plant diseases were encountered during the season of 1930, and

the infestation was the heaviest ever recorded. The increase in
yields ranged from 27.4 to 162.2 percent, while the gain or loss due to
control measures varied from a loss of 22 cents to a gain of $13.958 to
the acre (table 12). The greatest returns were from the hiph-
vielding irnigated plots, as shown in table 12, experiment 1.8, These
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E]ots received three heavy applications of lead arsenate diluted with
ydrated lime 1 to 5 by weight. The second application produced
burning of the foliage and stunting of the plants that was later over-
come during favorable weather. ad arsenate is not recommended
for the following reasons: (1) Its cost; (2) its toxic 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 ealcium arsenate diluted with
hydrated 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.
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ZIAC aASENITE 1—3L

CALCIUM  ARSEHATE .

n

Figure 21.—Comparutive vield per acre of reclenned beans produced an treated and unireatad plots in
the Estancle Valley. 3. Mex,, in 1830: A, Irrigered; B, dey farmad: C, lnle plasled 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 application must be kept
clearly in mind; also whether the field was irrigated or dry farmed,
the percentn?e increase in yield over the untreated plots, and the
toxicity to foliage. The cost of the arsemical and the physical
properties of the insecticide for dusting have been taken into consid-
eration in making control recommendations. In considering all
factors, both economic and insecticidal, caleium arsenate has given
the t$05t consistently favorable retwrns per acre of all the materials
tested,
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TasLe 12.—Summary of financial relurns from the use of various inseclicides on
?5%?33 infesied with the Mexican bean beeile in the Estancic Valley, N.Mez.,

Differ- |
{ence .

i, pes ! Cost of ek in-

D Aren | Yid | Yielg ;3crebe Vulue \5yrenp. | gTeUSR

Insecticide psed Po%F ) par per | tween offm- | ey |EH) Or

plot? | scret |, BB- ! creased por de-

trented . yield¥| b | eresse

apd (=}

::ren{ed

i plots
L)

. . Panndy | Poundy - Popndg Dyitars | Doliars | Dollars
Caleium arseoute, undiluted } 6.30 .0 [FECRE . N T o2 2 B &) 18
Contro! or nutreated W [T IRt T
Coleium arsennte, unditoted. .5 b . 468
Comtrol or uotrented........0 .1 ' : \
G4 i Culeium ursenste, undiluted | | ] A {
{34 . Leud arsenate, undiluted.... 0 . el e

v Clontrol or unireated. .. . ;L 270 §.
(35" Mopmesium arsensiae. . 5. 3 485 t

i Conlrol or natreated. A L8 0
... Sodium tuosilicite, nndilat- i

i 03

| ed . >
(37— Zine przenite L3 o, 510 ¢
LE.....| Lead prsennte, i port to &1 . . 1,453
; parts lime,
i Control er untresied .
L5... .0 Lead srseoute, 1 purt 0 5 L0
+  parts Nme.
by 31— | Calelum arseante, 1 purt to
;5 perts lime.
7 Controt or noireated
Ta____.; Caleium prsepate, I part to !
1 3 parts Hme, -
Bi0_.% Caleizm orseuate, 1 part Lo '
3 parts lizme,
Control or ualreated i 110.5
111 .| Aagnesinm ersenale, 1 part 8.9
to 3 parfy Jime,
B12 __ I Zinc orsenite, I part to 37 . 194,90
parts lime. '

1 Ared of plot harvested, thresied, nnd recleaped. t Reclenned beans.
1 Figured at 21 ceuls per pound. i From nverage of checks on hoth sides.

The value of control measures in 1930 is illustrated in figure 22,
which shows the progress of defoliation in an irrigated field. busting
with tead arsenate and hydrated hme {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 check. A hard
dashing rain fell immediately after the dust had been applied, so the
treatment was repested on July 19, but this was followed by 8 days
of rainy weather, as shown in table 7. This spplicatien resulted n
injury to the folisge and stunting of the plants. The third applica-
tion was made on August 2. Figure 23 illustrates the difference in
vield between the treated and uutreated plants.




Froune 22—Defolintion of bean planta by the Mexican bean beetle: A, Irrigated Seid ently {n the season;
B, the same flald on Aupust 15 with dafolistion showlng oo three untrestad roce o the center; O, the
same thres rows lster in the seascn, takon (rom the other onid showing edvanced defolistion.
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HOW THE CO0STS WERE DETERMINED

In determining the cost per application and per scre in 1929 and
1930, the following cost prices were used:

Magnesium arsenste

Zine ursenite

Sodium fucsilicate

Sulphur, dusting

Hydrated lie

Hand duster, one third acre per hour

Traction duster, 4-row, 4 acres per hour

Power duster, 5-row, tractor-mounted, 6
acres per hour

The foregoing priees for materials are based on the f.o.b. Estancia
quotations m 100-pound lofs. It is very difficult in experimental
work, where comparatively smsll plots are used, to secure accurate

FIGURE %3.—Comparative yield of beans from treated and untrented plants, anch sack containivg the yield
of reclenped benps from: three rows; A sod C, from trewted rows; B, from untreated tows,

cost data on operating equipment. The grower should figure the
cost of operating his team or tractor and adjust the cost of applica-
tion accordingly.

FACTORS INFLUENCING RETURNS

There are many factors affecting the returns from control opera-
tions. Various seasonal fsctors are encountered whick are deter-
mined by natural conditions prevailing over the ares, such as the
number of beetles in the initial infestation, time and appesrance in
the field, larval infestation, number and time of control applications
possible, size and rate of growth of the bean plantings, and defolia-
tion and reduc.on in yield. In sddition there aro 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 treated, 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 avpplications at the most effective time,
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are the determining factors. Undoubtedly over & 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.

TOXIIC INFURY TO THE BEAN PLANT

Bean plants are susceptible to chemical “burning” from the use of
arsenical insecticides only where excessive dosages are applied and
under cerfain weether conditions. During the season of 1929 slight
foliage injury was caused by the second application to all the plots
treated with arsenicals. Lesd arsenate caused the greatest injury,
followed in order by calcium arsenate, zinc arsenite, and magoesinm
arsenate. This application was begun on August 5 and completed
the next day. At this time the plants were 15 to 18 inches high and
very bunchy and were putting out runners. The trestment was
followed by 8 days of rainy and cloudy, foggy weather, with an aver-
age relative humidity of 88 percent. Rain totaling 3.82 inches fell
during the period from August 7 to 12, inclusive. The evsporation
during the period as recorded frem Livingston spheres averaged 128
cc for the black and 69 cc for the white spheres, giving a difference
of 59 cc per day. This shows thut chemical burning is due to high
humidity combined with low evaporation. The only visible burning
or toxic injury to foliage during the season of x1930 was caused by
the second application of lead arsenate diluted with hydrated lime
1 to 5 by weight. The materiel 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 srsenicals in 1929 were cox-
zessive, only 1 of the 3 applications caused any toxie injury, and that
was from the effects of cloudy, foggy weather following the applica-
tion. The same type of weather was responsible for the singﬁ,- RS
of toxic injury in 1930. Weather of this type is unusual for the
State. Figures showing the yields per acre mndicate that there was
no appreciable decrease in production due to the application of

arsenicals.
CONTROL RECOMMENDATIONS

The recommendations offered are based on 8 years of experimental
work. The 2 years presented sre simply an example of the type of
experiments and the methods of figuring the cost and returns. Theso
and similar experiments show that the %e&n beetle cen be successfully
controlled in the Southwest by the use of calcium arsenats {fig. 24)
applied according to the formulas here given, without any commercial
injury or burning of the bean foliage. Spraying has given befter
results than dusting in heavy infestations and where high winds are
encountered, but it is not practical in the dry-farmed areas.

Calcium arsenale dust

Caleinm arsenate, undiluted, _._________ . _____ 4 pounds per-acre application.

Calcium arsenate-lime dust

Calei i s
Hyé’;';’t’;da?iggftg’poggg: d} ............ e 12 pounds per-acre application,

i e L R
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Calcium arsenate spray

For large ceas For smel] arers

2 pounds. 5 level tadlespoonfils,
100 gallons. . 3 galiona.

i

Calcium ursenate-lime spray

For lerge areas Far small areas

Calelum t 2 pounds.. 5 level tablespoonfuls.
%ydmzed Time e eeoceoo...] 4 DOunds 10Tevel tablespoonfuls,
ater . 10 gollens. ... 2 gailons,

The calcium srsenate-lime dust® or spray should be used during
periods of high humidity and low evaperation to avoid toxic injury,
especially in the irrigated areas. One application has given good
returns when applied as the first larval injury was apperent and eg,
were numerous, but usnally two will be necessary. ~'The first should
be made when there is an average of one bestle 0 each 5 feet of row.’

¢ Calelum arsenafelime dust moy be mixed by placlag the ingredients In & steal drum together wlth
saveral rocks spbout as large a3 the fist. ‘The drum is then iightly closed and rolled for nbout 400 feat, st
the surye {ima betng tipped on end et Intervals of about 50 (eet.

? for beetles ot the Isrger plants shoyld be be after the sumier raing brve sot fn, They aro
most sasily found sarly in the morning, when some ef the beetles may be noted sn the ugeper sarface of
tho Ieaves, After thoy have been seen, count the boetles on 100 feat of row. o do 1his bend the plant
over and jook on the underside of the leaves or give the plant a quick sted with the hand and note the
sumber thet fall off gack plunt. Beveral caunts in dlfferent portions of the feld should ba made,
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. As the eggs are not killed by the treatment and new unpoisoned
>« foliage 1s developing, the second application should be made after
’ from 7 to 12 days, the shorter intervuf In the southern portion of New
Mexico and the fonger period in the cooler elevated areas. Apply the
dust when little or no wind is blowing. If rains occur within 2 days
after the application is made, repeat as soon as conditions will permif,
The beetles start dying about the second day, and the peak of mor-
tality is reached on the third or fourth day after the application, but
a few inay not die for some time, ‘

The treatment of snap beans after pods have set is not recom-
mended. Tnder usual conditions, eareful applications up to the time
of full bloom will give sufficient protection.

BEETLE VERSU3 LARVAL CONTROL

Infestation by the overwintered beetles follows immediztely 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

ercentage can be killed before any great injury has been done and
Eefore most of the females have Inid any eggs. The plants are small
at this time 2nd can be more thoroughly covered with the dust, and
less dust will be needed, than if control measures are delayed till
after the larvae begin to feed.

If, on the other hand, control is deleyed 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 » longer period than that covered by
the emergence of the old beetles from hibernation. The advantage of
attacking the insect over o smaller aren of foliage and when its num-
bers are at the lowest point in the season is well shown in experiment
G1 m 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 same length of row, a reduction of 89.22 percent. It
is apparent that the number of potential egg masses was correspond-
ingly reduced. It would require a period of 4 weeks for the remaining
females to deposit as many eggs as the original number of females
were capable of producing during the first 10 days. Egg iaying was
greatly reduced and retarded, and the larval injury and consequently
the defolintion of the plants were obviously delayed.

Control experiments performed in the laboratory over 2 period of
several years show that the overwintered beetles are just as ensily
killed as are the larvae, while recently matured beetles are very
resistent to arsenicals, .

DUSTING YERSUS 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 recommended in the irrigated areas
where abundant water supply is avnilable, Dusting is more practi-
cable ’n the dry-farmed areas, as it requires about 100 gallons of water
to spray an acre of beans, Spraying has the following advanteges:
(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 westher permits its use: (1) Quick
protéction 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, Jower initial cost, and lower upkeep and operating expenses,
Dusters pulled by or mounted on tractors and utilizing power for
operation from the power toke-off will permit both cultivation and
dusting at oné operation.

DUSTING AND SPRAYING EQUIPMENT

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

-
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Fioyne 25 —Four-row {rector d:iswr with pov}ér ttaikwﬂ permitling cultivatlog and dustiog at one
oparetion.

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 acrenges. A few inanu-
facturers are offering multiple traction end power dusters, that is,
2 units mounted on 1 cart.  Some makes of dusters will not deliver
an even distribution of dust to each nozzle, especially where the per
acre application is as low 8s 4 pounds. Purchasers sgould 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 costing the undersurfnces of the leaves with the Ppoison,
because that is where the insect does its destructive feeding,
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" Sotne dusters are equipped- with specinl bean-beetle sttachments
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 asccomplish this the nozzles

Fioure m.—Po.wer duster mounted on tracter for rapid dusting. Note arrangemment of nozzles, two per
rq‘;ﬁ I:Emzles made [fom tin grocery scoops and clamped o distributor pipe with sutomokdle hose
o mections.

are seb close to the ground snd held in place by = nozzle arm that is
swung from hinge brackets on a distribuior bar to prevent their
brealing off. Figure 26 shows efficient nozzles made from tin grocery
scoops and elamped on to the outlet pipe with sutomobile hose clamps,

Ftot.‘:nx 27, —Arrangement of nozeles for sprryiag the nndersides of the leaves: A, for uand sprayers; B
and E(?, lr{or m}on power or traction sprayers, with hose conoections to prevent bresking of the pipes
- F. Howard).

Where water is available and spraying is practicable, the nozzles
should be properly set to s mﬁ tﬁe underside of the leaves. They
should be attached to the Jisc arge hose by 2 90° elbow and a 45°
elbow, as shown in figure 27, or a 45° nozzle in the latter place.
These nozzles should be set 50 that one of them sprays slightly for-
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‘ward and the other slightly baékWard, to insure better coverage of

the leaves. When & traction or power sprayer is used, it.is advisable L

to have a third nozzle placed above the row (fig. 28).
- The liquid in the spray tank must be agitated continuously so as

to keep the arsenate from settling. A pressure of 150-pounds or =~

more i3 necessary to blow the leaves about and insure thorough
coverage. FPressure higher than 200 pounds is unnecessary. Some.
growers have used only oze nozzle to the row, spraying the .other
side on the refurn trip, and cleim that & better coverage was secured.

New disks should be placed in the nozzle after a total of 10 to 15
hours of spraying. The holes in the disks become enlarged with use,
and unless disks are replaced an unnecessary quantity of spray mate-
rial is used. : _

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

FIGURE 28.—Power 5prayer, showlng proper arrangement of the booin and nozeles for spraying tite under-
surfaces and tops of the leaves {M. F. Howard).

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

COMMUNITY CONTROL

In the large Dean-growing districts like the Estancia Valley, where
the beotles overwinter only on one side of the valley and 2 1-way
infestation occurs, the beetles can- be controlled more economically
by cooperation than by individual effort. By reducing the number
of overwintered beetles in the foothill fields the number reaching the
valley plantings will not be of economic imporfance except in occa-
sional years, In this manner at least 10 acres of valley beans are
protected for ench rere of foothill beans which is treated. Byreducing
the battle front, more applications can be made to the smaller area
with the same funds that would be required 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 agresment wherein each grower contributes his pro rate
share and where the control operation is invested in a central unit ot

EARLY AND LATE PLANTING TO ESCAPE INIURY

‘- Thefact that the bestles remain in hibernation until the coming of
the summer rains has an economic application, particularly in the
irrigated areas of the State where the time of planting is not governed .
by natural soil moisture, In the southern part of the Stute, espe-
clally in the Pecos, Rio Grande (6), and Nimbres Valleys, beans can

enerally be planted sufficiently early in the spring to avoid economie
Joss, In the same aress moderately late p]fantm s escape injury,
and the plants mature before killing frost. Very late plantings are
- often injured by frost. Climatic conditions influence the growing
season, and wherever possible the grower should time his plantings
to avoid injury by both frost and beetles. Commercial growers of
beans in the various communities should adopt a pon-bean-growing
period during midsummer to prolong the festing period and thus

FiauEr 30—Collecting pan mada from e 5gellon oll or gagoling can, and a thin board to be used far jarrlog
. the baatles off the planis into tha 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 st least 6 inches immediately after the last picking. This will
destroy a large number of all stages of the insect.

_ COLLECTION AND DESTRUCTION OF BEETLES

In consolidated bean aress like the Estancia Valley, cooperative
community collection of beetles along the foothills in the fall will
. eontribute to the control of this insect. In the fall newly emerged
beetles 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 iz made
from & 5-gdllon oll or gesoline can cut as shown. After saveral
hundred beatles have been collected they can be emptied into cloth
sacks hung from the belts of the collectors. Later, when a large
“number have besn collected, they can be killed by being dipped 1
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- aised miotor ofl, or burned or crushed. Tf seversl rows of bears are

left unharvested in a field thousands of beetles can be collected from
them in a compsratively short time. The writer has collected unas-
sisted over 80,000 beetles in 8 hours. Higure 30 shows a pile of at
least 300,000 beetles collected ini the above manner, or enotgh beetles,

if all survived the winter, to infest = Tow of beans over 58 miles long i

~with 1 beeile per linear foot of row.
BEETLES NOT CONTROLLED BY BURNING PORESTS |

. During periods of bean-beetle devastation a few growers urge the
burning of the forest under the assamption that burning the forest-
. floor litter befors the beetles have emerged will oliminate the pest.

Their plan is to do the burning, under proper supervision, in the early
-spring before the sap rises in the trees in order that the young growth

may not be killed. Such g procedure would be of practically no

value. During the heat of the day on May 8, 1930, 2 forest fire in
the Manzano Forest buxnt over an eastern-slope ares in whieh was
tocated hibernation cage 7. This fire occurred during one of the

Faune 30—A pile of Mexican bean beetles estimated to contain at Jsast 300,000 beatles.

driest periods of the season, as no moisture had fallen up to this time
in May, axd only 0.21 inch was recorded for this ares in April, Ex-
emination on May 9 showed that ell the material did not burn to the -
ground because the lower portion of the material and duff was daimp.
The beetles in the top layer of the hibernation material had been de-
stroyed, but down deep in the material live beetles were corimon.
The heat of the fire killed all young g:owth within the sres burné
over, yet 14.89 percent of the beetles introduced in the fall in cage 7
gurvived the winter and the fire and emerged later in the sepson.
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 eny further comment is unnecessary.
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TBE UTILIZATION OF TREATED BEAN HULLS A8 FOOD FOR
: . . LIVESTOCK :

" Because of the growing use of calcium arsenate for the control of
‘the Mexican bean beetie in the Southwest, the writer is offen asked
ghout 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.

Tn his evidence in the Riverside dairy case before the United States
District Court of Utah, Gardiner, of Montanas, stated that 20 to 30
grains of arsenic {As;0;) could be fed to horses and cattle month in
and month out without external evidence of injury or without any
alteration discernible on post-mortem examingtion, the fatal dose
being 300 grains (4, p. 4).

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

The arsenic content of sprayed [alfslfa] hay ranges from less than 1 grain in

terms of white arsenic to nesriy 28 grains for 30 pounds of hay, and is usually

. hetween 5 and 10 grains. The exceptionally large quantity of 28 grains in 1

day’s ration ig within the limit of tolerance of horses and catile. It ig, therefore,

entirely safe to feed sprayed hay o livestock, and there need be no case of arsgn-

" jen]l poisoning unless white arsenic, sodium grsenite, or some equally virulent
poison §s substituted, through carelessness or ignorance, for caleinm arsepatbe,

Frederick {4, p. 8), reporting on some experiments in Utab, says:

Alfaifs hay dusted with 3 pounds of caleium arsenste o the acre and fed for
40 daye to horses, cattie, and sheep with no other feed except water and salf,
showed no actual injurious effects on auy of the livestock under experimentation.

Alfalfa hay dusted with & pounds of celcium srsenate to the acre fed to the
same livestoek for & 40-day period showed no detrimental effect; however, some
of the eattle did not gain in weight, The horses gained during the entire feeding
period, each of them ineressing over 100 pounds in weight and presenting
steek, glossy appearsnce. The [10] sheep gained during the entire experimental
period and weighed 130 pounds more at the close of the test than before; their
%eece appeared 38 good, if nof better, than did tne fleece of sheep fed an untreated

8Y.

The alfalfa in question was dusted on June 19.

Ten days later the treated alfalfa hay was cut and harvested as alfaifa is usually
harvested. No rain or other unfavorsble weather conditions between the time
of dusting and stacking was encounterzd (4, p. 5).

The foregoing citations show thet it is entirely safe to feed tressed
alfalfa hay to livestock. In order to obtain & comparison of arsenic
content on treated bean hulls with alfalfs hay, samples of hulls were
obtained as the trested plots were threshed and sent to the United
States Buresu of Chemistry and Soils for analysis. Table 13 gives
the results of the analysis of bulls that had received two spplications
of arsenicals 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-trested bean hulls as shown in table 14. These delayed
ap;glica.tions are not recommended, as they will not give the desired
results. : '
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TaprE 13.—Data on the analysis of treated bean hulls grown in 1930

Date of |Quantity Asas
Insroticide used applica- | applied |, Date pou.ndpg
) tinn | per aere o tEE T hailg

Pounds Grain
Calcinm arsenate, nndilnted i i Bk o wozs
Lend arsennte, undiluted._ e 58 tlsept. 16 .35
© Megnesium arsenate, nadiluted {Ane- P do i Lo
Zihc atsenite, undiuted A i 8 idof o5

! Harvested on Sept. 16 or later.

Tasre 14— Data on the analysiz of lale-treaied bean hulls in 1831

Diate of Quantityt 1o, 1A5:0s per
Insecticide used spolica- | applled harvested| Pound of Remarks
tion per sere hulls

Pounds Grain

Caleium arvsnate, undifuted... {48 41 8 lsepr. 15{  0.68 ] Sample wos mostiy leaves.
Aug, 15 3.30
Do { Aug. 2 ir }--do__.._ -3 Dao.
Bo {igg _1,!3 i% }_.do.____ .14 } Sample wos mostly poads.

The first two samples in table 14 were composed mostly of leaves,
with very few pods and leaf sterns or petiorl)es, whereas the third
sample was composed mostly of pods, with a few leaves and stems.
In submitting samples for anelysis, only that porfion of the plants
ordinerily consumed by horses and cattle was included.

Teble 13 shows that where the plants were trested sccording to
recommendations, the arsenic content of o day's ration (30 pounds)
of treated bean hulls ranges from 0.75 grain, in terms of white arsenic,
to 1.26 grains. Table 14 shows that in the delayed treatments,
which 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 cattle with safety, when the plants are treated
according to recommendations; whereas table 14 indicates that it is
not advisable to delay applications until late in the season when the
plants are maturing. The quantity of white arsenic {arsenious acid,
As));) per pound of hulls will depend on the quantity of material
applied, the age and size of the plants, the atmospheric movement
the time of dusting, the quantity and character of precipitation, and
the interval between application and hervest; as well as the length of
time harvested vines are left in the field before being threshed, the
methods followed, and the weather conditions encountered dyring

threshing.
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SUMMARY -

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

Contact moisture is the stimulus influencing emergence from hiber-
nation. The time and intensity of th~ ‘itial infestation of over-
wintered beetles depend on the summer ains and the prevailing tem-
perature during the period of precipitation or subsequent thereto.

The period between emergence from hibernation 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 Estancin Valley 40 days or longer is necessary.

The bean beetle has no known natural enemies of economie impor-
tance in the Southwest.

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

Investigations show that the bean beetle can be controlled with
profit in dry-farmed areas where conditions warrant the use of control
Teas\ures.,

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

Spraying or dusting with calcium arsenate are the most economical
control measures.

Growers in the irrigated areas in the southern part of New Mexico
can wrold 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 ilke 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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