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ABSTRACT

The elm leaf beetle, (Coleoptera: Chrysomelidae) Galerucella
xanthomelaena (Shrank), has become a pest in several climatic areas of 
Arizona, where Siberean elms, Ulmus pumila (L), are grown as ornamental 
shade trees. In Tucson there are 4 to 4.5 generations annually of this 
pest. Throughout this study, neither predators nor parasites of the elm 
leaf beetle were recovered. Several different materials and techniques 
were utilized in chemical control studies. Of those tested for foliar 
applications, carbaryl gave the best control. Acephate water soluble 
packets at 3 times the recoimended rate gave the best control of all 
systemic insecticides tested.

vi



INTRODUCTION

The elm leaf beetle, Galerucella xanthomelaena (Schrank), was 
described as Chrysomela luteola by Muller in 1766 from specimens col
lected in Turin, Italy. Since then it has been reported as a pest of 
elm throughout Europe, in Asia, in Africa, and in many parts of North 
America (Essig 1931).

The elm leaf beetle was introduced from Europe into the United 
States sometime prior to 1837. It was reported as a serious pest of elm 
trees near Baltimore, Maryland in 1838 and 1839 (Essig 1931). Although 
introduced into this country at an early date, dispersal of the elm leaf 
beetle has been rather slow. The dull trek westward of this noxious 
pest culminated in California in 1924 (Urbahns 1924).

Within the past several years the elm leaf beetle has become a 
pest in several climatic areas of Arizona where Siberean elms (Ulmus 
pumila L.) are grown as ornamental shade trees.

Both larval and adult beetles cause extensive damage to the 
trees they infest. A typical damaged tree is shown in Figure 1. Adult 
feeding damage is characterized by small irregular holes in the leaves 
(Figure 2). The larvae are responsible for the major damage to the 
trees. They skeletonize the leaves, thus causing them to desiccate and 
drop prematurely (Figures 3 and 4). With heavy infestations of the elm 
leaf beetle, the trees become severely defoliated and weakened, thus 
making them more vulnerable to secondary attacks by other phytophagous 
insects and diseases. In many parts of the United States, there are one
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Figure 1. Siberean elm damaged by elm leaf beetle in 1973.



Figure 2. Adult elm leaf beetle damage.



Figure 3. Elm leaf beetle larvae and larval damage.



Figure 4. Elm leaf beetle larval damage.



6
or two complete generations annually, and occasionally a partial third 
generation, depending on the climate. Essig (1958) stated that the elm 
leaf beetle produces two to three generations annually with indications 
that a fourth brood may occur. Mackie (1927) indicated that as many as 
five broods can develop within one year in California.

Adult beetles are approximately 6 mm long, yellowish in color 
with a black strip on the outside margin of each elytron and a narrow 
black mark along the inside edge where the elytra come together (Figure 
5). A black oval spot is centrally located near the base of each ely
tron. Centrally located on the prothorax is a black linear mark and a 
circular black spot near each lateral margin. A black spot also marks 
the vertex. A black linear spot marks each segment of the appendages.

The yellowish spindle shaped eggs are laid in clumps of irregular 

rows of one to more than 30 (Figure 6). A single female is capable of 
depositing as many as 600 (Mutchler and Weiss 1926). Each egg is ap
proximately 1 mm long. Eggs are affixed to the undersurface of the leaf 
by an adhesive material. The eggs hatch approximately seven days after 
deposition.

The larvae at maturity are 7-8 mm long (Figure 3). The head is 
black and the body is yellow with a double row of black tubercles along 
the outside margins. The tubercles cover more of the surface of the 
younger larvae and as they age, there is a gradual increase in the 
amount of yellow. The larvae possess mandibles and feed on the leaf 
surface like the adults.

The pupae is pale yellow and approximately 5 mm long. Full fed 
last instar larvae crawl down to the base of the tree and pupate in the
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Figure 5. Adult elm leaf beetle and adult elm leaf beetle damage.
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Figure 6. Elm leaf beetle egg cluster



debris at the bottom. Under a heavily infested tree there may be so 
many pupae in the debris around the trunk that they are piled several 
deep.

Two approaches have been utilized in attempts to control this 
insect pest: biological and chemical control programs.

Hood (1931) suggested the application of 4 to 8 pounds acid lead 
arsenate per 100 gallons of water to the tree foliage to control this 
pest. Gambrell (1940) suggested the use of 5% rotenone ground derris 
powder at 4 pounds per 100 gallons of water as a control measure. Later, 
with the advent of chlorinated hydrocarbons, Bromley (1947) advocated 
the application of 1 pound actual DDT to 100 gallons of water to the in
fested trees. Gambrell (1940) used DDT, Ryania and Renzene Hexachloride 
(1,2,3,4,5,6-Hexachlorocyclohexane) for control of the elm leaf beetle. 
Koehler et al. (1965) evaluated methoxychlor (2,2-Bix(p-methoxyphenyl)- 
1,1,1-trichloroethane), carbaryl (1-napthyl-N-methylcarbamate), DDT and 
malathion [0-Dimethyl S-1,2-di(ethoxycarbamyl)ethyl phosphorodithioate] 
all at a rate of 1 pound per 100 gallons of water. The major objective 
of this experiment was to determine if one properly timed application 
could effectively control the elm leaf beetle for one entire season.
They noted that treatments made too early in the season did not appear 
to leave sufficient residue to last until needed for effective control 
of the larvae. This is due to insufficient foliage on the trees at that 
time to allow effective insecticidal deposits. They also indicated that 
a single application, properly timed, will effectively control the first 
generation of insects and will adequately protect the trees from serious 
injury by the second generation. In a geographical location where there
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are two generations annually of the elm leaf beetle, it is conceivable 
that the elm trees in that environment could remain relatively free of 
damage by this pest with any one application of the materials tested.

Increasing pressure by environmentalists to eschew environmental 
pollution through the use of persistent pesticides, necessitated later 
workers to seek alternate, less persistent materials and to develop 
additional application techniques.

Wene, Roney and Stedman (1968) suggested that perhaps these in
sects could be brought under control using tree trunk injected systemic 
insecticides. Via this method, the insecticides could be translocated 
to the leaves where the larval forms of the beetles feed. This tech
nique accomplished two important objectives: it insured the insecticide
would be at the site of insect feeding and it minimized environmental 
contamination by the pesticide. Wene (1970) utilized the trunk injec
tion techniques and evaluated dicrotophos [3- (Dimethoxyphosphinyloxy) -N, - 
N-dimethyl-cis-crotonamide], and oxydemetonmethyl [S-(2-Ethylsulfinyl) 
ethyl]0,0-dimethyl phosphorothioate for controlling the elm leaf 
beetle. He obtained good control for one month with oxydemetonmethyl, 
whereas dicrotophos gave control for 6 weeks with the trunk injection 
technique. He also demonstrated that soil drenches of these two mate
rials were as effective as trunk injections in controlling the elm leaf 
beetle. In addition to those insecticides used by Wene (1970), Saunders 
(1971) also evaluated propoxur(o-Isopropoxyphenyl methylcarbamate), 
dimethoate[0,0-Dimethyl-S-(N-methylcarbamoylemethyl) phosphorodithio- 
ate], disulfoton [Diethylthiomethyl dithiophosphate o,o-Diethyl S- 

2 (ethylthio)propionaldehyde 0-(methylcarbamyl) oxmie], and carbofuran
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(2,3-dihydro-2,2-dimethyl-7-benzof urany1 methylcarbamate). His objec
tive in these tests was to provide a seasonal control with one applica
tion of systemic toxicants. He found that trunk drenches with 4 g/cm of 
diameter of propoxur, dicrotophos and dimethoate gave effective protec
tion from elm leaf beetle for 16 weeks. Dimethoate and propoxur at the 
1 g rate were effective for 10 weeks. Aldicarb applied at 4.5 g/cm of 
diameter buried 15 cm deep in the soil gave good seasonal control, but 
consistency of this method would be dependent upon rainfall or irriga
tion. Injected oxydementonmethyl gave excellent early season control, 
but did not last throughout the season. Injected dicrotophos was still 
partially effective after 16 weeks, but there was considerable variation 
among trees after 12 weeks. In addition to oxydemetonmethyl, Brewer 
(1973) evaluated carbaryl, acephate (OS-Dimethyl N-acetyl phosphoramido- 
thioate) and carbofuran. He based his evaluations on degree of control 
achieved at various rates and application methods. He showed that 
foliar sprays of carbaryl 50% W.P. at 1 lb AI/100 gallons of water, 
acephate 75% W.P. at 1 lb AI/100 gallons of water gave the best initial 
control of the larvae. However, larval counts from the carbaryl and 
acephate treated trees sprayed with oxydemetonmethyl remained low for 
approximately 4 weeks. Carbofuran 10% G. as a soil broadcast buried in 
the room zone at a rate of 1.0 oz. and 0.5 oz. per 2.5 cm of trunk cir
cumference did not reduce larval counts until approximately 1 week after 
application, but then counts declined and still remained low when the 
study was terminated.

One of the most vigorously pursued areas for control of this 
insect is through the use of biological agents. Flanders, as early as
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1940, reported the parasitism of elm leaf beetle larvae by the tachi- 
nid wasp Erynnis nitida R. Desv. in California. This predator, like 
its host, originated in Europe and likewise was introduced to the eas
tern United States and moved westward. Both host and predator are found 
in California, however, only the beetle is known here in Thcson.

Experiments conducted by Hall and Dunn (1958) indicated that the 
elm leaf beetle is only slightly susceptible to the effects of the 
spore-forming bacterium Bacillus thuringiensis Berliner. In moist re
gions the fungus Sporotrichum globuliferum kills pupae and adults late 
in the summer (Anonymous 1964). Eikenbary and Raney (1968) reported 
that in Oklahoma they found twelve species of insects, representing six 
families and three orders which were predaceous on elm leaf beetles. In 
the order Hemiptera, family Pentatomidae, they found that Brochymena 
cariosa Stal., B. quadripustulata (F) and Stiretrus anchorago (F) to be 
larval predators and Mineus strigipes Herich-Schaeffer prey upon both 
larvae and adult, while Podisus maculiventris (Say) and Stiretrus pim- 
briatus (Say) consume larvae, pupae and adult. In the family Reduvi- 
idae, Arilus cristatus (L) and Sinea diadema (F) were found to attack 
the larvae and larvae and adults respectively. In the order Neuroptera, 
family Chrysopidae, the green lacewing Chrysopa carnea Stephens consumed 
both egg and larvae. In the order Coleoptera, family Cocinellidae, the 
lady bird beetle Hippodamia convergens Guerin-Meneville was found to 
prey upon the egg and larval stages of the elm leaf beetle. A carabid 
larva, Calosoma sp., found at the base of a Siberean elm tree where 
there was an abundance of vegetation, was observed while feeding on 
full-grown larvae and pupae. They also observed an adult Calosoma
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feeding on the larvae and occasionally on the pupal stage. Collops 
quadrimaculatus (F) family Melyridae was observed consuming elm leaf 
beetle eggs. Of the twelve species found in Oklahoma that prey upon 
elm leaf beetles, only four are known to exist here in Tucson. These 
four species are represented in the insect collection in the Entomology 
Department at The University of Arizona, Tucson, Arizona. In the order 
Hemiptera, the larval predator Brochymena quadripustulata (F) and 
Podisus maculiventris (Say) which consumes larvae, pupae and adult. 
Chrysopa camea Stephen in the order Neuroptera and Hippodamia con- 
vergens Guerin-Meneville in the order Coleoptera which attacks both eggs 

and larvae of the elm leaf beetle.
The purpose of this investigation was to determine seasonal 

abundance and factors influencing population dynamics. Currently recom
mended insecticides for elm leaf beetle control were to be tested as 
were selective methods of application. A pre-release survey was also 
to be investigated to evaluate the possibility of establishing a biolog
ical control progrm of the elm leaf beetle.



MATERIALS AND METHODS

Study Area
Tucson is located in the south central desert region of Arizona. 

The natural vegetation of the area is characteristic of the Lower 
Sonoran community. The rapid expansion of the urban areas of Tucson has 
caused the desert vegetation to be replaced by fast-growing, shade- 
producing ornamental trees and shrubs. With the temperatures ranging 
from a low of 2.7°C (Table 1) in December to a maximum of 34.4°C (Table 
1) in July, not all ornamental trees and shrubs can adapt readilty to 
this temperature range. The Siberean elm, Ulmus pumila (L) is a good 
example of an ornamental shade tree that has artificially adapted to the 
arid environment. In areas of very rapid growth, this ornamental shade 
tree has been used extensively in the urban landscape. Due to the 
ability to survive in this climate and because it is relatively mainte
nance free, the Siberean elm is the predominate ornamental in the urban 
landscape in southwest Tucson, Arizona, where this study was conducted.

Sampling
Each sample consisted of thirty randomly selected 25.4 cm termi

nals taken from three randomly selected trees in the Study area.
Each tree was visually divided in quadrants, each one facing 

north, south, east and west, respectively. Two random samples were 
taken from each quadrant; one approximately 243.84 cm from the ground

14



Table 1. Climatological data for Tucson area during 1973.

Temperature
(C°) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Average Maximum 15.0 16.1 15.5 22.2 28.8 32.7 34.4 31.1 30.0 26.6 22.2 17.7

Average Minimum 3.3 7.2 5.5 10.0 15.0 21.6 25.5 26.1 21.1 14.4 6.6 2.7

aU.S. National Weather Service (1973).



and the other approximately 487.68 cm from the ground. The remaining 
two samples were taken nonsystematically.

Sleeve Cage Studies
Sleeve cages were incorporated into the study to assess the 

natural mortality of this pest and the duration of instar stadia in the 
field (Figure 7).

Sleeve cages were constructed with plumbers strap soldered in 
the appropriate places and covered with light blue organdy with draw 
strings sewn in each end. The skeleton of the sleeve cages consisted of 
three concentric circles of plumbers strap, 10.16 cm in diameter, con
nected to one another by three 30.48 cm straight straps. The three con
centric rings were attached an equal distance apart on the straight 
strap connectors. The organdy sleeves were sewn by machine and the 
skeleton frame was placed inside the sleeve.

Natural Enemy Activity
Data on predator and parasites as possible biological control

ling agents for the elm leaf beetle were also amassed during the 1973 
elm growing season. Weekly samples were initiated in mid-April and were 
teiminated in mid-November, just prior to leaf fall.

Egg sampling involved removing leaves bearing egg clusters from 
the selected trees and trimming the leaves to fit inside a 00 Lilly gel
atin capsule.

Pupal samples were collected similarly. The 00 Lilly gelatin 

capsules were opened and the pupae were brushed into the open half with 

a camel hair brush. The camel hair paint brush also aided in removing

16
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Figure 7. Sleeve cages used to assess natural mortality and instar 
stadia duration of the elm leaf beetle.



debris that covered the pupae, without causing any noticeable physical 
damage to the sample. Pupal samples also varied with the seasonal his
tory of the elm leaf beetle.

Chemical Control Studies
Five materials were evaluated late in the 1972 beetle season. 

Each material was applied at a rate of 1 pound per 100 gallons of water. 
The materials were: propoxur, dimethoate, diazinon [0,0-Diethyl 0-(2-
isopropyl-4-methyl-6-pyrimidinyl) phosphorothioate], chloropyrifos 
(0,0-Diethyl o_-3,5,6-trichloro-2-pyridyl phosphorothioate) and acephate. 
Each material was applied as a foliar spray with an Ortho Spray-ette or 
a Gilmour-gun hose sprayer. The trees were sprayed until drip, approxi
mately 3 gallons of spray per 9-12 meter tree. Each test was replicated 
2 times and evaluations were based on a randan sample of ten 25.4 cm 
terminals per tree. Each terminal was identified with a numbered water
proof plastic bag for subsequent post-counts.

Chemical tests during the 1973 season emphasized various appli
cation techniques. Acephate was applied in the form of water soluble 
packets buried 15-20 cm in the root zone of the selected trees. Each 
water soluble packet contained 11 grams A.I. The area beneath the trees 
was saturated with water once the packets were in place. Two different 
sites were used for testing the acephate PVA packets. One site received 
the packets at a rate of one packet per 2.54 cm of trunk circumference. 
The other site received the recommended rate of one packet per 2.54 cm 
of trunk diameter. Averages were based on 3 trees per treatment with 10 
subsamples per tree. An early season preventative treatment was

18
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administered with the acephate packets. Each packet was dissolved in 2 
gallons of water and applied as a soil drench at the base of each tree. 
The rate at this site was one packet per 2.54 cm of trunk circumference.

Carbofuran was applied as water soluble plastic wafers buried 
15-20 cm deep in the root zone of selected trees. The recommended rate 
of this material was one carbofuran wafer per 2.54 cm of trunk diameter. 
The areas beneath the trees were saturated with water once the wafers 
were in place. Averages were based on 3 trees per treatment with 10 
subsamples per tree.

Propoxur was applied as a foliar spray. The material was 
applied with a Hudson Peerless Power Sprayer model number 45750 at 300 
pounds p.s.i. at a rate of 1 pound per 100 gallons of water. The trees 
were sprayed until drip, approximately 3 gallons of spray per 9-12 m 
tree. Averages were based on 3 trees per treatment with 10 subsamples 
per tree.

Carbaryl 80% sprayable was applied as a foliar spray. The mate
rial was applied to the selected trees with a Hudson Peerless Power 
Sprayer at 300 pounds p.s.i. at a rate of 1.25 lbs A.I./100 gallons of 
water. The trees were sprayed until drip, approximately 3-4 gallons per 
9-12 m tree. Averages were based on 10 trees with 10 subsamples per
tree.



RESULTS AND DISCUSSION

Seasonal Abundance
The elm leaf beetle is active throughout the elm growing season. 

Eggs hatch in about a week after oviposition and the yellowish black 
larvae feed on the lower surface of the leaves for two to three weeks. 
During this period, the larvae undergo five molts, the last one being 
from larvae to pupae. After becoming full grown, the larvae find crev
ices in the bark or on the ground at the base of the tree to undergo the 
final molt and transform into a dull yellow pupae. From the pupae, 
adult elm leaf beetles emerge in 8-10 days. This process repeats itself 
as long as the weather permits. The period required for one generation 
(from egg to adult) is 4 to 5 weeks.

, In Tucson, the Siberean elm begin to leaf out in early April.
The overwintered adults appeared April 7, 1973. The first egg clusters 
were collected on April 10, 1973 and first generation early instar lar
vae were collected April 17, 1973. By early May, larvae and adult elm 
leaf beetles were present throughout the study area. First generation 
pupae were collected May 28, 1973. Second generation adults began to 
appear the first week of June and second generation early instars were 
evident the end of the second week of June. Second generation pupae 

were present July 3, 1973 and third generation adults were collected 

July 10, 1973. Third generation early instars were evident in the study 
are July 15, 1973. The density of the third generation of elm leaf 
beetle was the highest in the study (Figure 8). To this point, there

20
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Figure 8. Seasonal abundance of the elm leaf beetle in Tucson, Arizona.
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were reasonably clear lags between the three generations. However, be
cause of the tremendous increase in density of the third generation, it 
was difficult to distinguish a clear-cut time lag between the succeeding 
generations.

The samples and sample statistics retrieved from the study show 
one more generation and a partial increase in density at the end of the 
elm leaf beetle season. The time interval following the peak of the 
third generation was long enough for 1.5-2 more generations of elm leaf 
beetle.

Simple statistical methods were applied whenever appropriate.
The mean (x) and the standard error of the mean (sx) were used in re
cording seasonal abundance (Figure 8). The mean value for each weekly 
sample was obtained by adding the total number of larvae or egg clusters 
in the sample and dividing by the number of samples taken. The standard 
error of the mean is an estimate of the true standard deviation of the 
distribution of the sample mean. It was calculated by following the 
equation:

2where s is the variance and n is the number of observations. The vari
ance was obtained from the equation:

2 _ E(x-x)2 
ivl

where Z is summation and x is one observation. The 95% confidence



interval for all biological aspects studied was determined by the fol
lowing equation:
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95% confidence interval = x ^05Sx̂

where x is the arithmetic mean, t^ is the student's t, and s- is the 
standard error of the mean.

Sleeve Cage Studies
On July 7, 1973, two sleeve cages were placed in an elm tree in 

the study area. Cage A contained two egg clusters with a total of 29 
eggs, while cage B had one egg cluster with 22 eggs. Daily observations 
were maintained and on July 10, 1973, there was a noticeable change in 
color from yellow to a dark grey, which is characteristic of elm leaf 
beetle eggs just prior to hatching. These were observed daily and on 
July 18, 1973, feeding larvae were noted. Only 20.7% of the eggs from 
the clusters in the cage A with 29 total eggs hatched. None of the eggs 
in the other sleeve cage had hatched.

On July 27, 1973, only five feeding larvae were noted in the 
cage containing 29 total eggs. None of the eggs in the other sleeve 
cage had hatched by this time. Due to the seemingly unnaturally high 
mortality, this experiment was terminated.

On August 21, 1973, four adult elm leaf beetles were added to a 
sleeve cage on an elm tree in the study area. The sleeve cage was ob
served daily and on August 24, 1973, three freshly deposited egg clus
ters were noted. The adults were removed at this time. Daily 
observations were maintained and on August 31, 1973, two of the three



24
egg clusters had hatched. There were 23 and 17 first instar larvae from 
the two clusters respectively. The third cluster had not hatched by 
this time and was removed to expedite counting and removal of cast exo
cuticles. On September 1, 1973, 30 cast exo-cutilces were removed from 
the sleeve cage indicating the molt from first instar to second. Only 
35 feeding larvae were counted at this time. Daily observations were 
maintained until September 3, 1973, when it was evident that the second 
molt was underway. At that time, 14 cast skins were counted and re
moved. The number of feeding larvae present was 21. The following two 
days, 4 more cast skins were removed and 17 feeding larvae were present. 
At this time another nearby 25.4 cm terminal branch was added to the 
sleeve cage. The terminals in the cage were becoming extremely defoli
ated by this time. On September 13, 1973, 12 cast skins were recovered 
and 9 feeding larvae were counted. On September 21, 1973, 4 pupae and 
3 "resting stage" larvae were noted in the debris at the bottom of the 
sleeve cage. There were 2 larvae of uniform size still feeding on the 
foliage at this time. The observations on September 29, 1973, revealed 
7 adults in the sleeve cage.

From time of oviposition to hatching of the eggs is 7 days. The 
first stadium is the shortest lived, requiring 24 hours. The remaining 
stadia get progressively longer. The second instar duration was 3 days, 
the third, 4 days and fourth, 6 days. The fifth instar is 8 days, at 
which time the molt is from the "resting stage" to the pupae (Table 2).
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Table 2. Elm leaf beetle instar duration recorded from sleeve cage 
data.

Instar
or

Stage
Date of Transformation or Nfolt Time Interval 

for Each 
Instar/Stage8/31 9/1 9/3 9/7 9/13 9/21 9/29

Egg * 5-7 days
1st 24 hrs.
2nd * 48 hrs.
3rd & 4 days
4th * 6 days
5th * 8 days
Adult * 12 days
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Natural Enemy Activity
Natural mortality in sleeve cages was also observed. From the 

first instar to the last, there was a steady decline in total numbers of 
feeding larvae present. Beginning with 40 first instar larvae after the 
first molt, there were 35 second instar larvae. After the second molt 
there were 21 third instar larvae present. There were 17 fourth instar 
after the third molt. After the fourth molt and pupation, there were 7 
adults recovered from the initial 40 eggs, with an overall reduction of 
82% (Table 3). Without having any data from laboratory experiments to 
compare with the results obtained in the field with the sleeve cages, 
it is premature to assert that the data are a true estimate of the 
natural mortality of this insect. The mere act of rearing this pest in 
the sleeve cages could account for the high mortality. Recalling that 
the first attempt to rear this pest in sleeve cages placed on egg clus
ters already present resulted in an even higher egg mortality, one 
would suspect that restricting the movement during the development of 
this pest must create an adversity resulting in the high mortality of 
the eggs.

At no time during the study were any of the mentioned predators 
and parasites found consuming any of the stages of the elm leaf beetle. 
One immature Pent amid was recovered sucking the juices from an elm leaf 
beetle pupae. Efforts were made to return the specimen to the lab for 
rearing and subsequent identification; however, it expired before a 

positive identification could be made.
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Table 3. Elm leaf beetle instar mortality recorded from sleeve cage 

data.

, Date and Number Instar-stage
norar Following Transformation-molt
Stage 8/31 9/1 9/3 9/7 9/13 9/21 9/29

% Reduction 
from

Egg Stage

Egg 40 0.00
1st 40 0.00
2nd 35 8.75
3rd 21 47.50
4th 17 57.50
5th 9 77.50
Adult 7 82.50
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Results of 1972 Chemical Tests

These tests indicated that all treatments, except diazinon, were 
effective in reducing and controlling elm leaf beetle larvae.

In Table 4, dimethoate produced excellent control, and effec
tiveness was demonstrated until the last reading at 32 days. Good con
trol was demonstrated with acephate and chloropyrifos. Readings were 
curtailed at the 32nd day because the population had declined.

Table 5 shows a late season test, and most of the trees had been 
damaged by previous generations of beetles. Propoxur produced the most 
dramatic control, considering the pre-treatment density. Acephate gave 
good control and diazinon was ineffective.

Results of 1973 Chemical Tests
Carbaryl 80% sprayable gave satisfactory control for over 60 

days. Minutes after application, elm leaf beetle larvae were dropped 
from the trees, as was every other insect in the trees (Table 6).

Propoxur 70% W.P. at 1 lb/100 gallons of water produced satis
factory control for approximately 5 weeks at the recommended rate 
(Table 6).

Acephate 75S at 1 lb/100 gallons of water applied late in the 

season gave excellent control for four weeks (Table 6).
Acephate PVA packets at 1 pkt/2.54 cm trunk circumference gave 

satisfactory control for six weeks by applying approximately three times 
the recommended rate (Table 6).

Carbofuran wafers at 1 wafer/2.54 cm trunk diameter was ineffec
tive in controlling the elm leaf beetle. These trees were infested



Table 4. Chemical treatments initiated July 14, 1972 for control of elm leaf beetles on Siberean elm
in Tucson, Arizona.

Average Number Larvae/60.96 cm Terminal3
Insecticide

and Rate Pre-treatment
(Days)

Post-treatment %
Formulation A.I./100 gals. 0 1 4 22 32 Reduction

Dimethoate 0.5 lb 29.0 1.3 . 0 0.2 0 100.0
Acephate 75% S.P. 1.0 lb 21.4 2.2 2.0 1.2 0.7 96.7
Chloropyrifos 1.0 lb 17.4 4.8 5.1 1.0 1.2 82.0
Check (untreated) -  - 13.6 18.3 12.0 4.4 3.2 76.0

^Average based on 2 trees per treatment with 10 subsamples per tree.



Table 5. Chemical treatments initiated August 17, 1972 for control of elm leaf beetles on Siberean
elm in TXicson, Arizona.

Insecticide
and

Formulation

Average Number Larvae/60.96 cm Terminal3 
(Days)

Rate Pre-treatment Post-treatment
A.I./100 gals. 0 1 3 5 7 10

% Reduction 
at

10 Days

Diazinon 2E 1.0 lb 7.7
Acephate 751 S.P. 1.0 lb 8.4
Propoxur 70% W.P. 1.0 lb 20.9

Check (untreated) -  - 6.9

3.9 3.9 6.0 3.8 4.0 48
1.9 1.5 0.5 0.4 0.4 99
2.4 0.3 0 0 0 100
6.7 4.7 3.6 1.4 3.5 50



Table 6. Chemical treatments initiated May 17, 1973 to August 29, 1973 for control of elm leaf
beetle on Siberean elm in TXicson, Arizona.

Average Number Larvae/25.4 cm Terminal
P r e - t r e a t m e n t_____ Post-treatment ____  Reduction

Insecticide and Fromulation 0 1 7 14 30 ( ) Days

Carbaryl 80% 
Sprayable

1.25 lb/ 
100 gal.

7.7 0.0 0.0 0.0 0.0 (30) 100

Propoxur 70% 
IV. P.

1 lb/100 gal. 9.2 7.5 0.0 0.0 0.0 (30) 100

Acephate 75S 1 lb/100 gal. 6.7 0.0 0.0 0.0 0.0 (14) 100
Acephate PVA 
packets

1 pkt/2.54 cm 
trunk circum
ference

7.6 6.3 5.9 3.7 0.0 (30) 100

Carbofuran
wafers

1 wafer/2.54 cm 
trunk diameter

6.6 7.75 4.8 8.2 7.8 (30) 0.0

Acephate PVA 
packets

1 pkt/2.54 cm 
trunk diameter

8.1 10.0 5.3 6.6 7.1 (30) 0.0

Disulfoton 2.5 oz/2.54 cm 8.7 8.4 7.6 7.7 5.1 (30) 0.0
briquettes trunk diameter
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quite heavily at the time of application and remained that way through
out the summer (Table 6).

Acephate PVA packets at 1 pkt/2.54 cm trunk diameter never 
achieved control at this rate. Soon after application, the yard in 
which these trees were located browned off and remained in that condi
tion for the entire summer. Unsatisfactory control could be attributed 
to lack of adequate watering. Yu, Johnson, and Nielsen (1970), in ex
periments conducted on American elm treated with oxydemetonmethyl to 
control the two-spotted spider mite Tetranychus urticae Koch, stated 
(p. 826) "...in all instances effectiveness of oxydemetonmethyl was sig
nificantly greater on plants grown in wet soil that those in dry soil." 
An early season preventative treatment at the recommended rate kept 
those trees free of larvae during the summer. However, these trees were 
not in the same area of the heaviest infestation of elm leaf beetles. 
This may have attributed to the lack of elm leaf beetles on those trees 
(Table 6).

Disulfoton briquettes at 2.5 oz/2.54 cm trunk diameter never 
achieved control with this technique (Table 6).

From the data gleaned over the season, it appears that carbaryl 
would give the best results for seasonal control, assuming that the 
residual effectiveness of this material is the same early in the season 
as it is late in the season. It appears that two properly times appli
cations of the material would keep one's trees free of the elm leaf 
beetle throughout the season. An early season application in mid-May 
just when the first generation is reaching its peak, and a late season 
treatment in mid-August should give satisfactory control for the season.
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That is, of course, if the material’s toxicity doesn't deviate from 
early to late season applications. Based on these data, diazinon foliar 
spray is not a recommendable material for control of this pest. Diazi
non1 s percent reduction at 10 days was only slightly less than the un
treated check for the same period. The impregnated plastic wafers of 
carbofuran are unsatisfactory at the recommended rate for controlling 
the elm leaf beetle, as is the author's disulfoton briquette technique. 
Acephate PVA packets applied at 3 times the recommended rate gave ex
cellent control for an extended period. Although attractive was the 
control, at this rate the acephate PVA packets would be uneconomical. 
Based on these data, a judgment cannot be made regarding the acephate 
PVA packets at the recommended rate. Acephate applied as a foliar spray 
at the recommended rate produced satisfactory control both seasons it 
was applied. Propoxur also produced satisfactory control as a foliar 
spray at the recommended rate. Carbaryl gave the fastest and most dra
matic results. It appears that carbaryl could produce seasonal control 
of the elm leaf beetle with two properly timed foliar applications.



SUMMARY

Since its introduction to the United States, the elm leaf beetle 
has been a pest to contend with. The damage they cause to the urban 
environment is not only unsightly, but it leaves an open channel for 
secondary plant disease organisms.

Throughout the study, the pattern of infestation has remained 
constant. Early in the season when the leaves are young and tender, 
the majority of adult feeding holes are on the outer extremities of the 
trees from the base to about mid-way to the apex. Egg clusters are scat
tered throughout the branches. Moving from the periphery of the tree 
toward the trunk, larval density increases in the infested trees. The 
majority of early and mid-season larval feeding is confined to the inner 
terminals and lower portions of the trees where there is abundant shade. 
As the season draws to a close, when the inner lower terminals become 
skeletonized and the upper terminals begin to harden off, elm leaf 
beetle preference for tender foliage is quite obvious. Late in the 
season, adult feeding damage and oviposition is found only on the newer 
terminal growth.

The life span of the elm leaf beetle, from egg to adult requires 
4 to 5 weeks. Because of the short period of time from egg to adult, it 
is conceivable that there could be as many as 5 generations annually in 
this part of Arizona. However, during August, the Siberean elm go into 
a semi-dormant stage (Wene 1968). This is caused by the omnipresent 
torrid sun and insufficient water. These conditions cause the elm

34
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leaves to become hardened, thereby making them undesirable for consump
tion by the elm leaf beetle larvae and adults. Compounding this is the 
fact that late in the season, the infested trees reach such a point of 
defoliation that the larvae are unable to sustain themselves adequately. 
Therefore, it is difficult to imagine 5 generations of this pest here 
annually. Figure 8 shows a sharp decline in mid-August which roughly 
corresponds with Wene's (1968) assertion. The remainder of the season 
shows an. overall decline, which could be attributed to the above men
tioned phenomenon. From the data recorded in Figure 8, there are four 
population peaks in the graph and a partial fifth generation peak in 
November, approximately the same time as there was a noticeable increase 
in colder weather (Table 1).

Sleeve cage results (Table 2) when compared with seasonal abun
dance data (Figure 8) show a rough correlation for the time interval to 
complete one generation. This particular sleeve cage experiment indi
cated 33 days from first instar to the expiration of the adults. At the 
time of death of the adults in the sleeve cage, the terminals in the 
cages were severely defoliated and could have possibly contributed to 
the cause of death. However, Figure 8 shows a similar time interval (4 
to 5 weeks) for the completion of one generation of elm leaf beetle. 
Without additional laboratory and sleeve cage data, it is difficult to 
draw conclusive evidence about this particular aspect of the study.

The absence of parasitized eggs or pupae throughout the season 
suggests that this avenue is wide open for future exploration. There 
are known elm leaf beetle predators in the study area that prey upon 
one or more of the stages of this pest. However, because of the lack of
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recovery of predators preying upon the various stages of this pest, one 
can only speculate that the predator-prey complex of this pest differs 
significantly in the desert than in Oklahoma where this complex has been 
studied more closely.

Chemical experiments carried out during the study suggest that 
more tests are necessary with most of the materials used. Carbary! gave 
the fastest and most dramatic results. It appears that carbaryl could 
produce seasonal control of the elm leaf beetle with two properly timed 
foliar applications of this material.



SYNONYMY

(Schrank 1781)
Order:
Family:
Sub-family: 
Genus: 
Species:

Coleoptera
Chrysomelidae
Galerucinae
Galerucella
xanthomelaena

Pyrrhalta luteola Qfilcox): Wilcox 1965 New York State Mis. Sci. Serv.
Bui. 44:37, fig. (on Ulmus spp)

Chrysomela luteola (Muller): Miller, 0. F. 1776 Melanges Soc. Roy.
Turin, Vol. 3, p. 187
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