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The results of the simulated concentrated sprays help
to explain the poor performance of the 1956spring airblast
treatments discussed earlier. A very narrow latitude for
the timing of concentrated sprays also suggests an expla-
nation for the erratic results experienced in the past with
mistblower applications of DDT against the shoot moth.

With diluted sprays, spring scheduling can probably
be done accurately enough by calendar date (.l\1illm·&
Haynes 1958b). With concentrated sprays, calendar date
can also be used as a means for setting a tentative spray
date, but first extel'llallarval activity (first appearance of
resinous tents) is most reliable for indicating aetually
when to start spraying.

The period available for applying diluted DDT sprays
against the summel' larvae (Miller & Neiswander 1955)
is similar to that for spring larvae, but it may be a little
shorter. Therefore, the same procedure for scheduling
diluted sprays in the spring would seem to be adequate
also in the summer, that is, by calendar date (1\liller&
Neiswander 1955). vVith concentrated sprays, calendar
date might best serve as a guide in the summer as in the
spring, with main dependence being placed on hatching
(first appearance of resinous tents) fOI'actually starting
spray operations.
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Resistance to the Mexican Bean Beetle in Several Bean
Genera and Species1

DAN 'VOLFENBARGERand J. P. S[,E~::SMAN,2.3
Ohio A gricultllral Experiment Station, Wooster

ABSTRACT

Nine Phaseolus species, the eowpca (Vigna sinensis (Tomer)
Savi), the broad bean (Viciafaba 1..), the soybean (Glycine max
(1..) Merrill), and the Bonavist bean (Dolichos lab lab 1..) varied
in resistance to the Mexican bean beetle (Rpilachna varivestis
Muls.). Plwseolus aureU8 Roxb., P. mungo 1.., P. calcaratu8
Roxb., P. radiatu8 1.., P. atropllrpUre1l8 DC., P. lathJJroides 1..,
P. pol!/8tachY1l8 1.., Glycine max, Vidafaba, Dolichm lablab, and
Vigna .~inel~~i8 lines exhibited varying degrees of resistance to
beetle-feeding damage under field conditions. All Pha.~eollls vul-
guri.~ L. lines, onl' Plwsp-o!us aClll1:ro!iu.• A. Gray line, and the

The common bean (Phaseolus vulgaris L.) is frequently
defoliated by the Mexican bean beetle (Rpilachna vari-
vestis ~1uls.). The purpose of this investigation was to
identify resistance in Phaseolus and related genera and
compare two methods of evaluation.

List (19Ql), Crawford (19Q4),and Eddy & McAllister
(19Q7)stated that the Mexican bean beetIe freely attacks
the common and lima bean types. List (19Ql) reported
that some differencesin susceptibility did exist in varieties
of the common bean varying from QO%to 95% in leaf
feeding damage. He also stated that the best crops were
produced by the early maturing varieties and in most

progenies of interspecific Phaseolus crosses werc susceptible.
Phaseolllslul1atllslines ranged from intermediate in resistance to
susceptible.

Two methods, lal'\'al counts and a visual rating of leaf feeding
damage, were compared in evaluating the various lines for rc-
sistance to the bean beetle. The visual rating method was found
to be as satisfactory as lal'\'al counts.

l\feall maturity dates were associated with resistance in
Phuseollls spp., the fewer days to maturity the lower thl' Il'af.
feeding resistance exhibited.

cases these varieties showed the greater amount of injury.
Thomas (19Q4)and Howard & :English(lHQ4)stated that
P. vulgaris varieties are preferred by the Mexican bean
beetIe to the lima bean. Howard (1930) reported that the
beetle has a decided prefer'ence for the pinto, navy, lima,

1Accepted for publication March 9. 1961.
2 H.esearch Assistant and Professor, respectively,
, Seed used in these investigations were supplied by R. E. Wester, U. ~.

Department of Agriculture, Crops Res. Dh,., Beltsville, Md.; A. n. Strand.
Dandridge, Tennessee; L. W. Hudson, Uegional Plant Introduction Sta.,
Pullman, Washington: A. P. Lorz, Dept. Vegetable Crops, Fla. Agric. Expt.
Sta., Gainesville, Florida: D. D. Dolan, Plant Introduction Sta., N. Y. Aj(rie.
Expt. Sta., Geneva, New York: Asgrow Seed Co.; Rogers Bros. Seed Co.;
NOI·thrup, King & Co.: and Ferry-Morse Seed Co.
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Class 6= 40 to 49%
Class 7=50 to 69%
Class 8= 70 to 89%
Class 9 = 90 to 100%

kidney and snap beans. :Friend & Turner (1981) stated
that the common, runner, and lima bean are the preferred
hosts of the bean beetle. During 1955-57, Campbell (1958)
reported that Triumph, Baby Fordhook, Wade, Ever-
green, and Idaho Refugee were resistant and that they
showed ~4.8%, ~5.~%, ~8.9%, ~9.5%, and 81.8% foliage
injury, respectively.

List (19~1) reported that the broad bean (Vicia faba
L.) is free of attack by the bean beetle. Thomas (19~4),
Crawford (19~·1), Howard (19~4), and Eddy & McAllister
(19~7) reported that rarely have soybeans (Glycine max
(L.) Merrill) been seriously attacked, whereas Strand
(1943) stated that soybeans were practically defoliated
in Tennessee.

Friend & Turner (1931) stated that the soybean, cowpea
(Vigna sinensis (Tomer) Savi) , and Bonavist bean (D.
lablab L.), although damaged, were not preferred hosts.
Howard (19~4), Howard & English (19~4), and Friend &
Turner (1931) found that the mlmgo bean (Phaseolus
?nullgoL.) and the mung bean (Phaseolus aureus Roxb.)
were practically immlille from injury and are rarely fed
upon. Friend & Turner (1931) reported that the mung
bean and broad bean are free of or immune to attack.
Strand (1943) stated that the mungo bean is highly rcsist-
ant to bean beetle fceding, whereas the Adzuki (Phaseolus
angularis Willd.) and common bean are about equal in
susceptibility. He reported also that certain lines of an
interspecific cross between the susceptible Asgrow String-
less Greenpod (P. vulgaris) and the resistant mlmgo bean
possess more resistance than others to bean beetle feeding.

:l\1ATERIALSAND 1\1ETHODs.-At lVlarietta, Ohio, in
1958, 1959, and 1960, 20 to 40 seeds of various bean
genera and species were planted in single 5-foot rows
separated by a 3-foot space between the rows and between
the plots in the row.

In 1958, larval COlmts and a nine-class leaf feeding
damage rating were made, whereas during 1959-60 only
the leaf feeding damage ratings were recorded. The
visual ratings used for classifying thc leaf surface area
damaged were as follows:

Class 1= no feeding;
Class 2= 1 to 9%
Class 3=10 to 19%
Class 4= "W to 29%
Class 5= 30 to 39%

In the relative leaf feeding rating scale, lines which
rated 1 to 3 were considered resistant, lines which rated
4 to 6 werc considered intermediate in resistance, and
lines which rated 7 to 9 were considered highly suscep-
tible.

Figure 1 shows characteristic damage in classes 1, 4,
and 9, respectively, of the described visual leaf damage
ratings.

RESULTS A.l"DDISCUSSION.-The data obtained from
field evaluations show in table 1 that Phaseolus aureus,
P. mungo, Phaseolus calcaratus Roxb., Phaseolus radiatus
L., Phaseolus atropurpureus DC., Phaseolus lathyroides L.
Selection ~~, Glycine max, and Vicia faba were free of
leaf feeding damage. Dolichos lablab, Vigna sinensis, and
Phaseolus polystachyus L. exhibited a lower degree of
resistance. Phaseolus lunatus L. lines ranged from inter-
mediate in susceptibility to susceptible. P. lunatus PI

FIG. 1.- Classes of relative leaf feedinf:(damage by the Mexican
bean beetle (Top) Class 1 shows no injury (P. calcaratus);
(.Middle) Class 4 shows intermediate injury (P. lunatus PI
194314); (Bottom) Class 9 shows severe injury (P. vulgaris XP.

mungo No. 12 throwback).

194314 was the most resistant. Wester (1959) reported
that at Beltsville, Md., P. lunatus 4913 was the most
resistant and that Piloy, Thaxter, and Fordhook Bush
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Table I.-Reaction of several genera and species of beans to the Mexican bean beetle. Marietta, Ohio. 1958-60.

CLASSOF I_~JAF:FEEDIKGDA~fAG~;'

M:idseason
Evaluation Final Evaluation

1960 1958 1959 1960 Mean
VARIETY,ACCESSION }'inal

SPECIES No., OR STRAIN July 20 August 4-5 July 21 August 12 Evaluation

P. aureus PI 164889 1.0 1.0 1.0 1.0
P. aureus PI 20750'1 1.0 1.0 1.0 1.0
P.lathyroides Selcction 22 1.0 1.0
P. 1Itungo PI 101581 1.0 1.0 1.0 1.0 1.0
P. calcaratlls 1.0 1.0 1.0 1.0
P. atrop"rpurcus 1.0 1.0 1.0
P. radiatus 57703 1.0 1.0 1.0
P. radiatus .57704 1.0 1.0
V.Jaba Broad Windsor 1.0 1.0 1.0
V. faba Best of All Broad Bean 1.0 1.0 1.0
G. max Chippewa 1.0 1.0 1.0 1.0
G.m"", Blackhawk 1.0 1.0 1.0 1.0
G. max Harosoy 1.0 1.0 1.0 1.0
V. sinensis 73-05110 1.0 1.0 1.0 1.0
V. sinensis 18-17-2110 1.0 1.0 1.0 1.0
V. sinensis 644210 1.0 1.0 2.0 1.5
V. sinensis 1.0 1.0 2.0 2,0 1.8
D.lablab Bonavist Bean 1.0 2,0 2.0
P. 1)olystachyus 3.0 S.O
P. (unatlls PI 194314 1.0 2.5 4.0 3.3
P. lunatus PI 180462 3,0 8.5 6.0 4.3
P. lunatus PI 183412 2.0 4.0 5.0 4.6
P.llllwtus Early Thorogrecn 1.0 8.0 6,0 4 ..5
P. Ill/wtus Fordhook C2 1.0 3.0 6.0 4.5
P.IllIwtllS PI 196344 1.0 4.0 5.0 4.5
P.lunatlls PI 195339 1.0 3.0 7.0 5.0
P.lunalus PI 196340 2.0 3.0 7.0 6.0
P.lllllatlls PI 164891 1.0 4.0 6.0 6.0
P. lunatus Burpee's Improved Bush 1.0 2.6 8.0 5.2
P.lullaills PI 162668 1.0 3.6 7.0 .5.3
P.llIllatus Fordhook 242 1.0 4.0 7.0 5.5
P.lullaills PI 162689 1.0 4.0 7.0 .5.5
P.lunatlls PI 180324 3.0 4.0 7.0 6.5
P.lwwtlls Thorogreen 2.0 2.0 8.0 6.0
P.lunatlls PI 164893 3.0 4.0 8.0 6.0
P. vulgaris PI 181786 .5.6 7.0 6.3
P. vlIlgaris PI 169903 6.0 7.0 6.5
P.lunaills PI 2090.51 1.0 6 ..5 7.0 6.8
P. hl/wlus Piloy 2.0 7.0 7.0
P.lunatus 4913 1.0 7,0 7.0
P.lunatus Limagreen 2.0 7.0 7.0
P. vulgaris PI 172025 2.0 6.0 7.0 8.0 7.0
WadeXP. lalhyroides 7.0 7.0
P. f'ldgaris PI 1775]4 2.0 6.6 8.0 8.0 7.5
P. vlligaris PI 169794 3.0 (i.5 8.0 !J,O 7.8
P. vulgaris U. S. Rcfugee #5 1.0 7.6 8.0 7.8
P. vulgaris White Half Runnel' 4.0 7.0 !),O S,O
P. ,'"lgarisX P. lalhyroides 7.:j 8 .•5 S.H

Selection 22
P.lunatus Wood's Prolific 7.0 8.0 8.0
P. Iwwtus Thaxter 1.0 8.0 8.0
P.lunaillo' Dixie Butterpea 3.0 8.0 8.0
P. vlIlgaris Stringless Red Valentine 8.0 8.0 9.0 8.,5
1'. vlligaris Bountiful Canner 1.0 8.0 9.0 8.6
P. vulgaris White Seeded Hefllgec 1.0 !J.O 8.0 8.5
P. vulgaris Idaho Refugee 1.0 8.0 8.5 9,n 8.6
P. vulgaris Wade 2.6 7.6 9.0 !J.O 8.5
P. vulgari,y Sweetheart 5.n 8.0 9.0 8 . .5
P. vulgaris Improved Sllpergreen 1.0 8.3 9.0 8.7
P. vulgaris Topmost 1.0 8,6 9.0 8.8
P. vlllgaris Tennessee Gl'cenpod 4,0 8,3 9.0 8.8
P. vulgaris Plentiful 4.0 8.7 9.0 8.9
P. vulgaris Dwarf Horticultural 3.0 !J,n 9.0 !l.n
P. vulgaris Tenderlong-16 4.0 !l,O 9.0 !l,O !1.0

n Based on 1 JeHst. !) most.
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Table I.-(Oontinned)
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P. vlligaris
P. tllIlgaris
P. lllligaris
P. vlligaris
P. tllligari.~
P. Nt/garis
P. Nt/gari .•
P. vlligari .•
P. Illligari.•
P. vlIlgari .•
P. vulgari .•
P.lunatlls
P.lwwtll .•
1'. Ilillatll .•
P. vlllgari .•XP. 1r/Ullgo
P. vulgari .•XP. 1Il1ingo
P. aelli/folius

YAHm'l'Y, A('('I';:-;:-;I01\ ::\0.,
all STHAIN

Sulfer
Blue Rihbon
Gardengreen
Genuine Cornfield
Italian or Romano
:Uorses Pole 191 (U. S. #4)
Selected Canadian Wonder
Asgrow Blaek Valentine
Ranger
Toperop
Cooper Wax
Small White J.ima
King of the Garden
Clark's Bush
~o. I\? throwback
Xo. 12 segregating
PI £009'W

::\lidseasoll
Evaluation

1960

.July 20

7.0
4.0
1.0
4.0
4.0
4.0
4.0,
3.0
5.0
2.0
2.0
£.0
3.0
1.0
3.0
3.0
5.0

Filial E\'aluation

llJ58 1959 llJ60 ::'Ilean
-_.__._----~------ -- Final
August 4-5 July 21 August 12 Evaluation

9.0 9.0
9.0 9.0

9.0 9.0 9.0
9.0 9.0
9.0 !l.0
9.0 9.0
9.0 !J.O

!l.0 !l.0 !l.O
9.0 9.0 !l.0
9.0 9.0 !l.O
9.0 9.0 !l.O

9.0 !l.0
9.0 9.0
9.0 9.0
9.0 9.0
!l.O 9.0

9.0 9.0 9.0

follow in an increasing order of susceptibility, whereas at
:\Tarietta these lines were all susceptiblc.

Progcnics of crosses hetween resistant and susceptible
Phaseolus (from A. B. Strand) species were susceptible.
No resistant scgregates wcre noted. Data in table 1 sup-
port the report by Strand (194.3) that resistance appears
to be a rccessive characteristic.

Almost all P. vulgaris lines exhibited susceptibility to
heetle feeding damage. Only two P. vulgaris Plant Intro-
ductions (PI 181786 and PI 16(903) exhibited an inter-
mediate degree of resistance in the final evaluation. Strand
(1959) and Campbell (1958) stated that Wade was the
most resistant of P. vulgaris varieties; however, the data

Table 2.-Mean leaf-feeding damage to Phaseo/us spp.,
interspecific Phaseolus crosses, V.Jaba, and G. max by the
Mexican bean beetle in relation to maturity date and evalua-
tion date. Marietta, Ohio. 1958-60.

LEAF- MEAN
Nmr- FI"ED- LEAF- Nu~r-
BErt ::\b;AN ING F~]ED- BEH

LINES ::\1A- DAM- ING LINES
l\L\- 'l'1JHT'I'Y .I\GEb DA~f- EVAT.U-

SPECn;l'; '.!'lTHEDDATE' 1960 AGEb ATED

P. UllTeUS -t 12-t 1.0 1.0 7
P.1I!ungo 1 116 1.0 1.0 1
V·faba 2 100 1.0 1.0 2
P. radiatlls 1 1\?3 1.0 1.0 2
G.1I!ax 6 117 1.0 1.0 6
P. pol!J.~tacltYlls 1 98 3.0 1
P. lunalus H 110 1.9 5.5 29
P. mt/garisX

P. latltlJroides 1 10-t 8.0 1
P. vulgaris 63 9.J. 2.9 8.5 63
P. 1,ulgarisX

P. 1I!ungo #1'l 2 97 3.0 9.0 2

n HO% pods dr,y as exhibited on each plot.
h Bused on 1 least, 0 most; 27 days to midseason evaluation in ]!lGO. Days to

fin,,) evaluation: 70 iu 1958; O~in 1959; 80 in 1900.

presented in table 1 do not support this conclusion. Strand
(1959) stated that Wade, with its dark green foliage,
showed more resistance than varieties with light colored
foliage such as Refugee, although Campbell (1958) re-
ported that Idaho Refugee was almost as resistant as
Wade. One P. acutifolius A. Gray line was highly suscep-
tible.

In 1958, July 12 larval counts vs. the August 5 classes
of visual ratings were compared by a simple correlation
on 1456 susceptible P. vulgari.l· lines. The correlation
coefficient (1'= +0.86 at 1% level) indicated a close linear'
relationship between mean larvae and the leaf feeding rat-
ing. However, lines that exhibited a complete defoliation
(August 5 visual rating) might have had no larvae present
when the midseason or July 12 count was made. Of the
lines in Class 9 (90% to 100% leaf surface area damaged
per plot), 7.2% had zero larvae on July 12 and yet at
the end of the season the plots wel'e defoliated. Since leaf
feeding damage ratings differentiate resistant from sus-
ceptiblc lines with less effort and time than counting lar-
vae it is a better method to use.

Among Phaseolus species listed in tahle 2, a con'elation
coefficient (I'= - 0.90 at 1% level) was found between
maturity and mean leaf feeding damage indicating that
resistance is found in Phaseolus species which take lon~er
to mature. In the midseason evaluation, P. vulgaris lines
were fed upon approximately 100% more than P. lunatus
lines. Final evaluation showed an 80% increase in leaf
feeding which indicates that lima bcans were more toler-
ant than the common bean.

The various species exhibited a 30-day differential
(ranging from 94 to 124. days) in maturity. Data in table
2 show that final evaluations of plots in the 1958-60
seasons were made in 76, 62, and 80 days after planting.
(·espectively. :\1any of the P. vulgaris lines had already
matured (80 days after planting) whereas 62 days did
not allow sufficicnt time for bean beetle feeding OILP.



1022 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 54, No.5

lunatus lines. The mean of 62 and 80 days, 01' 71 days,
would be more nearly right for the final evaluation when
attempting to compare Phaseolus spp. and related genera
relative to bean beetle feeding injury.
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The Effects of Some Insecticides on the Metabolites of
Blattella germanica1

JIUBBllTB. CLARKand ANDREW Bun,
Department of Biological Sciences, University of Cincinnati, Cincinnati gl, Ohio

ABSl'HACT
A study was made of the effects of some insecticides on the

metabolites of adult German cockroaches (Blattella gcrmanica
(L.)), by comparing the glucose, glycogen, fat, and wllter con-
stituents of normal and exposed whole insects.

Pieees of filter paper were impregnated with .1)%concentra-
tions of DDT, dieldrin, methyl parathion, and Strobane® (ter-
pene polychorinates (6.1)%chlorine)) in peanut oil. Insects wcre
e:\l)Osedto thc various insecticides by being caused to walk on the
pieecs of filter paper for 2-minute periods.

Insects exposed to DDT showed that 62% of glucose, 73% of

The purpose of this investigation is to determine the
changes that occur in the metabolite composition of the
German cockroach (Blaf.tella germanica (L.)) as a result
of exposure to DDT, dieldrin, methyl parathion, and
Strobane® (terpenc polychorinates (65% chlorine)), and
to compare the results with that of other investigators
on starvation, where energy-furnishing metabolites are
lost, and insecticidal contact in other insects.

MATEHIAL AND METHODs.-Adult Blattella germanica
were obtained from the departmental animal room by
catching them in ftmnel cockroach traps containing karo
syrup. The cockroaches were taken from the traps and
placed in culture dishes where they were given an abun-
dant supply of food and water. For each analyzed metabo-
lite, 10 separate tests were made and an average was
taken. Chemical analyses were made on normal German
cockroaches and on those which had been exposed to 5%
concentration of insecticides. The insecticides (obtained
from Nutritional Biochemicals Corporation) were dis-
solved in refined peanut oil in such a manner as to give
a 5% concentration of each insecticide. Dissolved samples
of insecticides were placed on filter papers and rotated in

glycogen, and 16% of fat were utilized in 3 days. 1nse('ts exposed
to methyl parathioll showed a 55%, 64%, 0% deerease in metab-
olites, respcctively. Inscets cxposed to Strobane showcd a 57%,
56%, 19% decrease in metabolites, whereas those exposed to
dieldrin showed no change.

There is thus some evidenee to support the hypothesis that a
reduction in metabolites is asso('iated with the killing action of
some insecticides, but also, that not all insecticides have this
effect. Evidently dieldrin kills by some mechanism different from
that operative with the other insecticides tested.

a glass dish until the paper became thorough ly impreg-
nated. Test insects were taken from the culture dishes and
confined for 2 minutes on the treated filter paper which
completely covered the test area. An inverted petri dish
was used to keep the insects confined within the test area.
After 2 minutes of exposure the insects were placed in
separate labeled culture dishes containing ample supplies
of food and water. Preliminary experiments indicated
that the insects lived approximately 5 days after such
exposure to each insecticide, therefore chemical analyses
were made 3 days following exposure in ordcr that they
would be alive at the time of analysis.

Determination of reducing substances, expressed as
glucose,weremade on the entire insects, by Folin-JVlalmros
(1929) analysis. Glycogen was precipitated by a modified
PflUger technique (Good et al. 1933). Determination of
fat was made by ether extraction in a Soxhlet apparatus;
this procedure gave values for free, or ether extractible,
fat. 'Vater content was determined by weighing before
and after complete vacuum desiccation, and determining
the difference.
1Accepted for publication March 9, 1961.


