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INTRODUCTION

During the summer and fall of 1938, a mumber of smerican elms

(Ulmus smericena L.) and Asiatic elms (U. pumila L.) were found to

have been apparently severely damaged from oviposition by a species
of tree hopper. These elms had been planted along a nine-mile strip
of road south of stilinter. Oklahoma, on Highway 40 by the State
Highway Commission as a part of a highway beautification programe

The discovery of this infestation offered an opportunity for develop=-
ing a control and for studying the biology of the tree hopper respon=
sible for the injurys A thorough search of the literature proved that
eontrol experiments pertaining to tree hoppers were scanty in nature
with no research having been done on speecies infesting elms. The
studies were begun early in the fall of 1938 and continued throughout
May, 1989. They consisted of spraying experiments, studies on the
nature and extent of the injury and notes on the biology of the tree

hopper which was identified as Stictocephala inermis (Fabl)l (Pig. 1)

REVIEW OF LITERATURE
Distribution and Synonymy
Stictocephala inermis (Febs), commonly kmown as the green clover

tree hopper, is one of the most common of all the tree hoppers. It

has been collected in Tillman, Grady, Canadian, Payne, Pontotoe, lLati-
mer, LeFlore, and Choctaw Counties in Oklahoma and probably ocours
throughout the Statee. Jones (10) lists this species as occurring in
Nebraskae Yothers (20, 21) studied S« inermis in the State of Washing-
ton and finds it the most common tree hoppar species in the Pacific narth-

T Determined by Pe B. Lawson



Fige 1A. lLateral view of adult green clover

treoe hopper, Stictocephala inermis. (¥nlarged
10 times

1Bs Dorsal view of adult green clover

tree hopper, Stictocephala inermis. (Enlarged
10 times







west., Hodgkiss (8) lists this species in New Yorke. This insect is
present generally throughout most of the United States with the ex-
ception of the southeast.

This species was originally deseribed by Febricius (2, p. 677)
and placed in his genus Membracis in 1776. In 1830, Say (14, pe 243)
deseribed it as goniphors of the same genus. Fiteh, in 1851, (5, p.
48) referred ine Fabe to the genus Smilia of Germar, Walker
(18, pe 1141) in 1852, placed Ssy's species in the genus Ceresa of
Amyst and Serville. In 1869, Stal (16, p. 246) placed inermis in his
new genus Stictocephala. Rathvon (13, pe 551) in the same year used
the seme specific determination but placed it in Germar's Smilia
(misspelled as Smillia)e Sinee Uhler (17, pe 471), in 1871, placed
the species back in the genus Stictocephala of Stal (spelling it as
Stictocephalus) it has retained that classification. (21)

Injury
Goodwin and Fenton (6) reperted injury to apple trees caused by

the oviposition punctures of Ceresa bubalus (Fab.) primarily as an

unnaturel sloughing off of the woody growth of epple twigs and second-
arily by allowing ingress of phytopathogense.
Biology
Yothers (21) found that the eggs of S. inermis hatched during
April and early May and that an average of 68 days was required for
the nymphs to pass through five instars and reach maturity. He also
found & natural egg mortality of 11.7 per cent.
Control
Lovett (11) suggested the use of eight gallons of a heavy miscible
0il to 100 gallons of water as a tree hopper ovicide, but seemed some-
what dubious lu to the ability of the oil to penetrate through the
outside bark and reach the egg masses within, Yothers (20, 21) spray-
ed the eggs of S inermis with a four per cent oil emulsion or mis-
cible oil and achieved satisfectory results. Sorenson (15) indicates

that a dormant miscible oil spray such as used in the control of
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Agpidiotus perniciosus Comstock is an important measure in the control

of tree hoppers. Hudson (9), while working with Glossonatus crataegi

Fitoh, found dormant egg sprays ineffective, but control was obtained
by a contact spray of oil-nicotine against the nymphs. Harmon (7)
found that using a dormant lubricating oil emulsion of six per cent

strength would give a good control of Glossonatus crataegi Fitch.

As e natural means of control, Wildemuth (19) records several
species of birds feeding of S. festina Say. He also records toads
a8 being predators of S. festina Say. According to Yothers (21) two

coccinellids; namely, Adelis bipuncteta (L.) and Hyperaspis gquadrivit-

tata Lec. and several species of spiders and ants were found feeding
on emerging nymphs.

As a cultural means of control, Sorenson (15) regards clean
culture as a major factor for controlling tree hoppers, and Yothers
(21) considers clean culture as a last resort in cases of severe injury

where the use of oil sprays is undesireble.

BIONOMICS
Life history studies by Yothers of the green clover tree hopper
had been carried on in the Pacific Northwest where it is a pest of
fruit trees. In this locality the tree hopper hibernates in the bark
of fruit trees in the egz stage. The eggs hateh in early spring, the
nymphs mature by early summer, and the adults lay their eggs during the
middle and latter part of the summer., There is only one generation a

year.

Life History Technique
Life history studies of S. inermis were carried out at Stillwater

in a normal air temperature roome Infested twigs were placed in a



four«-ounce bottle with the cut ends extending into the neck of

the bottle; the bottle was filled with water-saturated moss. Sure
rounding the bottle were the summer host test plants growing in

the same soil types as found in their natural habitat. After the
nymphs emerged and fell to the ground they attached themselves to

e succulent host plant and remained on the plant until the adult
stage, After the nymphal host plant selection had taken place, wire
cages were placed over the plant so that no new reinfestation could
occures In this menner, host preference in the laboratory was deter-

mined, and a general life cycle was observed.

Egg Deposition

The green clover tree hopper lays its eggs in two-three and-
four-year old wood of Americen end Asiatic elms The eggs are laid
in the lower branches and may be in single, widely separated pouches,
or the pouches may be located in cleose proximity to cach other. Egg
pouches are normally located on the dorsal surface of the twige. The
oviposition sear is a small longitudinal, ecresecent-shaped slit into
and sometimes through the bark where the female deposits from one
to nine eggs in pouch-like cases, (Fige 2)e¢ In 3,633 egg pouches
examined in Asiatic elm, 18,228 eggs were found giving an average of
5+02 eggs per pouch. In 3,461 egg pouches examined in American elm,
20,174 eggs were found giving an average of 5.85 eggs per pouche In
both the American and Asiatic species, oviposition scars were quite
numerous with no noticeable difference in infestation between the two
species of elme Since the elm trees were located on a long stretch

of road with variations in the size of trees, examinations were made



Fige 2 = Eggs of S. inermig in their
natural position inm the barke






to see if there were areas of higher or lower resistance to tree
hopper injury, but little difference was noted as to oviposition,.
There was no difference in infestation between the north and south

side of either species of elme

Hatehing Period
In common with other tree hoppers, S. inermis overwinters in
the egg stage, in either American or Asiatic elm, the eggs normally
hatehing in the early spring. At Stillwater, the first nymphs
emerged April 15, (Teble 1)

Table 1 = Emergence of Nymphs from American and Asiatic plm Twigs

3 t Number of eggs Percent

Date : Kind of elm t counted s+  Hatched
April 19 Americen ' 867 3949
April 19 Asiatie 751 48.0
April 24 American 608 44 44
April 28 American 777 72,2
May 18 American 824 7643
May 18 Asiatic 776 T0.1

Soon after emergence takes place, the first instar nymphs fall
to the ground and feed on succulent herbaceous plents. The immature
insect seeks the lower level of the host plant and remains there until
full grom. In some cases, the nymphs will wander about the main
stem of the plant, but a slight jtrr!.ng of the plant will easily
loosen any stage of the nymphs, and they fall to the ground where
they immediately hide around the base of the stem. As meny as

eight nymphs were observed on one host plant in the field.



Summer Host Plants
The nymphs were found almost exclusively on Psoralea
tenuiflora vars floribunda (Nutt.) Rydb, and as stated previous-
ly in the earlier stages, they were invariably found at the base
of the plant, In the laboratory nymphs were reared successfully
on false dandelion (Eyrrhopappus spe DsC.) and wild lettuce
(Lactuca scariola L.)s They would not feed on Hordeum pusillum

Nutte In the field, nymphs oceasionally were found on felse
dandelions In no instance was a nymph found feeding on the twigs
or leaves of either the Americean or Asiatic elm.
Transformation to the Adult Stage

In the laboratory, the first adult was found June 6, and
thereafter wntil June 29 a constant adult emergence occurred. It
is quite possible that a little earlier emergence took place in the
field with regard to both nymph and adult. Fige 1 illustrates the

appearance of Stictocephala inermis in the adult stage.

INJURY

Deseription

The damage done by the tree hoppers is not in the feeding of
the nymph, but by the female in the process of egg laying. With
her saw-like ovipositor she cuts through the bark, cambium layer,
and into the outer wood giving the stem a roughened appearance,
(Fige 3)« Sinee the oviposition outs into the cambium layer, it
causes the curled fragments of the bark surrounding the puncture to
wither and die leaving the infested stem with a knotty appearance;

this aspect is due chiefly to the hypertrophied growth of cells
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surrounding the egg mass. Fige 3A shows the branch of an American
elm with numerous punctures which deform the branch, and Fig. 3B
is a typical infested twig of an Asiatic elm, also showing the

roughened appearance.

Effect of Oviposition on Tree Growth

Histologicael studys= In order to determine how deep the incis-
ions were mede into the twig, microtome sections were made of twigs
of both species of elme A sliding microtome was used for dissection
and sections 20 microns thick were cut. Technique in cutting and
staining is & modification of the one used by Langdon (11), and
Goodwin and Fenton (6), in that to demineralize the stems required
e longer period, 90 days, than that used by Langdons Goodwin and
Fenton counterstained the safranin with haemotoxyln solution, where=-
as no counter stain was necessary in this ocase, since the apparent
injury was all that was required.

In examining the injury caused by the tree hopper's oviposi=-
tion, (Fige 4), one can perceive that it may result in the food
supply being cut off if the injury is sufficiently heavy; and it
mey be a means by whiech a plant pathogen may enter the healthy
tissue ceusing rotting or any other umhealthy conditione

Fige b pictures an infested and a non=infested Asiatic elm
tree showing the dead tips of the infested tree as compared to the
normal leafing of the healthy tree.

Diameter measurementss= Since it is the habit of S. inermis to
ovipesit in two-three end-four-year old twigs of Americen and
Asiatic elms, and since its oviposition may cause a consequent de=

crease in the growth of infested over non-infested twigs, 2 series



Fige 3A. Injury to American elm by Stiecto la
inermis showing characteristic ro 8
appearance of bark caused by oviposition puncturese.
(natural size)

3B. Injury to Asiatic elm by Stictocephala
inermis showing characteristic roughened shaggy ap-

pearance of bark caused by oviposition punctures.
(natural size)







Fige 4A Cross section directly over ovi-
position scar of an American elm twig showing
damage to normel tissues caused by Sticteo la

inermis in the process of egg laying. (Enlarge
11 times)

4B Cross section of an Asiatic elm twig
at far end of oviposition secar showing damage -

to normal tissues caused by Stictocephala inermi
in the process of egg laying. [Ehr;a lnmb






Fige. 6A. Uninfested Asiatic elm showing
tree in full leaf with no apparent dead
tip injury. (natural size)

6Be Infested Asietic elm showing
dead tips of small branches where oviposi-

tion scars of Stiectoc la inermis were
unusually heavys lmﬁi' size)
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of measurements were made April 22, 1939, ‘and again Sthmber 2,

1939 to determine the growth difference between the infested and
non-infested twigs during the growing season of 1939, The instru-
ments used for measuring consisted of a pair of calipers and a
millimeter scale. Twenty trees from four to six years of age were
used for each set of measurements, there being four sets, the infest-
ed American elms, the non-infested American elms, the infested
Asiatic elms, and the non-infested Asiatic elms.

The trees were selscted and mapped in a field notebook so
that the fall measurements could be taken on the same twigs as
the spring measurements. To ascertain what constituted an infested
tree, the number of oviposition scars on & six-inch branch was
counted, and if there were more than 20 scars found, the tree was
selected and twig measurements were made, In making the measure-
ments, the following procedure was adopted: (1) Twigs were measure-
ed six inches from their point of origine (2) Ten such twigs were
measured from each tree giving a total of 200 measurements for each
seriess (3) These measurements were taken on sprayed and unsprayed
Americen and Asiatic elm treese.

The mean growth for the infested American elm twigs waes cal-
culated by finding the difference between the plus and minus
growths of spring and fall, and dividing this difference by the
number of samples (200)s It was found to be 0450 mms in diameter.
The mean growth for the non-infested American elm twigs was calcu-
lated as above, and found to be 0+42 mme; the mean difference was
thus 0,08 mme This mean difference was subjected to statistical
analysis, and the T value of 0,280 was secured. This value is to

be compared to the tabular value, at the five per cent level, 1.966.



The value of T is too small to be considered significant; conse=
quently, the same may be said for the mean difference; namely,
0408 mme

The mean growth for the infested Asiatic elm twigs calculated
by the method as described above was found to be 0435 mm. in diamet-
ere The mean growth for the non-infested Asiatic elm twigs was cal-
culated 0¢34 mme; the mean difference was 0,01 mm, The mean differ-
ence was subjeoted to statistical anelysis, and is too small to be
considered significante.

Conclusions:= By statistioal analysis, therefore, there was
no difference in the growth diameter between the infested and non=-
infested American elms and Asiatic elms. General observations show
the same condition to be trues In examining the sectioned stems,
however, and observing the infested trees, one may conclude that in

later years the damege might become more noticeables

NATURAL CONTROL

A total of 3,891 eggs of S. inermis was counted on the check
trees of American elm, of which 3,159 were found alive or hatched,
14 pearasitized, and 718 dead, giving a natural egg mortality of
18,45 per cent. The Asiatic elms showed a higher natural egg more
tality. Of the 3,206 eggs examined in the check trees, 2,217 were
found alive or hatched, 51 were parasitized and 938 were dead giv-
ing & natural egg mortality of 29.26 per cent. It appears that
although there is a high infestation of tree hopper eggs in Asiatie
elm, this species of tree shows a certain amount of resistance in
developing a woody growth between the egg pouches and the outside
of the twige This inhibits the natural hatching of the eggs and
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creates a barrier which hampers the emergence of the young tree
hopper, thereby increasing the natural mortality.

One species of hymenopterous parasite; namely, Polynema

striaticorne Gir.? was teken from the eggs of S« inermis in both
Americen and Asiatic elm, This insect was not sufficiently
abundant to destroy many eggs. Of 20,174 eggs examined in American
elm, 104 or 0+52 per cent contained parasites; of the 18,228 eggs

examined in Asiatic elm, 254 or 1439 per cent contained parasites.

SPFRAYING EXPERIMEINTS
The chemical measures employed to kill tree hoppers may be
classed in two general divisions: (1) those used for nymphal con=-
trol, and (2) those used as ovicides. Each of these measures will
to some extent control a tree hopper infestations Under most condi-
tions, however, an ovicide is the most appropriate and practical
measure. Ovicides, consequently, were tested as a means of control

for Stictocephala inermis ﬁfuting American and Asietic elms at

S¢tillwater, Oklahoma.

Since oils are used as ovicides for many insects, and since it
had been suggested by other authors that oil sprays be used as ovi-
cides to control tree hoppers, two miscible dormant oils were tested

as possible controls for S. inermis.

Insecticides Used
The materials purchased represented two oils; namely, "Dendrol"
containing approximately 93 per cent actual oil, and "Spra-mulsion"

4
containing approximetely 85 per cent actual oil .( )Lime sulphur was

2 Determined by G. Ae Ganan
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also used, and was diluted in the spray from a 83 degree Baumé concen=

trate to a five and four degree Baumé spraye. These three materials
were used in three different time applications of spray. In addition
to these substances, the third spray application also inecluded a two
per cent "Spra-mulsion" oil plus three percentages of dilutions of
dinitro~o=cyclohexylphenol cbtained from the Dow Chemical Company as
a fusion mix containing 40 per cent of dinitro-o-cyclohexylphenols
The lime sulphur was calculated to the correct Baume degree strength
by the use of a Baumé hydrometer, The DNO (dinitro-ocyelohexylphenol)
dilution was calculated in weight. For example, if a 0.1 per cent
DNO was needed and one had & 100 per cent toxicant, one would require
040083 pounds of 100 per cent DNO to make a 0.1 per cent spray, since

water weighs about 8.3 pounds to the gallone.

Spraying Technique

The spray technique consisted of two men operating a wheelbarrow
spray arrangement capable of produeing 150 pounds pressure; one man
pumping, and the other man operating the nozzles Duplicate trees
were sprayed with each type and percentage of oil, and other spray
materials. Spraying was done with the i:ighelt pressure availeble with
such an outfite

Both the infested American and Asiatic elms were sprayed in dup-
licate with each ovicide. Three spray applications were made at dif-
ferent periodsj; namely, December 4, 1938, referred to as the early
winter sprayy March 3, 1939, called the late winter spray; and March
22, 1939, referred to as the delayed dormant spraye. The quantity of
spray applied on each tree varied with the size of the tres sprayed.

All of the trees were sprayed until the spray material began to drop



from the twigs. 12
Method of Determining Control

Since the eggs of S. inermis are inserted into and sometimes beneath
the bark of the Americaen and Asiatic elm trees, a dissecting knife was
used to peel off the abnormal growth from over the egg pouch to emable
examination to take place. Live eggs which were turgid and a greyish
white in eolor could be easily separated from those which were killed
by the ovicide since the dead eggs were shriveled, had turned a black-
ish grey, and had become completely deflateds The effectiveness of
each treatment was determined from Abbott's formula, (1), which takes
natural mortality into considerations The term "eggz control™ as used
in this thesis means the egg mortality caused by the spray treatment
after the effects of natural mortality had been evaluated.

Meteorological Data

Table 2 gives the humidity and temperature records at the time
of spraying. These readings, when compared to those following the
date of spraying (Teble 4), show little variation with regard to either
temperature or humidity fluctuations. When Table 2 is compared to
Teble 3, which gives the mean temperature and rainfall for the last
half of 1938 and the first half of 1939, little difference is noted
between the mean records of temperature and humidity, and the elimato-
logical data present at the time of spraying. Thus, normal weather
conditions prewvailed at the time of spraying which consequently did
not effect the application of the ovicides useds

Effect of 0il Sprays on Leafing
0ils may have varying effects on the early bud development of

trees. In some cases they may retard normal development for a brief
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Table 2 =« Meteorological Factors at Time of Spraying

tWind* ¢

Spray r sliaPol
1st Spray (Farly 490 580 43% 244 15  PFair, Sun
winter) December shining
4, 1939
2nd Spray (Mid- 90 . 61° 587 80£ 14 Fair, Sm
winter) March shining
3, 1939
3rd Spray (late 66° 65° 4% 30% § Fair, Sun
winter) March shining
22, 1939
*Egtimated

Teble 3 = Mean Temperature and Rainfall Chart

3 1 Moan Gemperature : Nean rainiall

Year 3 Month 3 degrees Fe ] inches
1938 July 82.2 3488

August 8344 4,39

September T4.8 2.16

October 68.2 0637

November 48.8 2.60

December 40,6 0042
1939 January 4344 3.42

February 372 0.61

Mareh 5348 1.09

April 5948 3.64

May 7046 2699

June T840 4,23
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Teble 4 « Humidity and Temperature Records for 10 Days Following Each

Spray Application

Date Humidl Temperature
December, 1950 7:00 “_A.n.""'?'.%—fr. A nﬁ Low
& 29 30 80 40
5 34 31 58 30
8 49 40 87 36
7 44 44 60 32
8 44 44 58 35
9 59 38 68 22
10 50 49 58 42
11 B6 54 50 32
12 57 41 44 33
13 67 56 41 21
14 62 50 53 16
VMerech
4 64 63 71 48
5 69 83 61 36
é 64 28 61 28
7 53 33 60 33
8 66 36 81 36
9 55 62 3 70 47
10 71 73 75 47
11 76 32 70 61
12 43 36 656 34
13 52 26 78 35
HMerch
23 59 47 78 54
24 62 69 79 67
26 68 69 75 83
26 71 67 75 42
27 71 72 é8 46
28 73 74 67 38
29 74 74 45 37
30 74 73 64 31
31 73 47 75 42
April 1 59 40 77 43
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period as reported by Farrar and Kelly (3), while in others they may

not affect the physiology of the plant in any noticeable mammer. With
these thoughts in mind, leaf counts were made on trees that hed been
sprayed with winter miseible oils for the control of S. inermis. Both
American and Agiatic elms were taken into consideration to note the
effect of the winter oils on early leaf development. Counts were

made April 19, 1939, Barly observations of the elm trees concerned
were begun the first week in March to note the first leaf opening,
March 20, buds of the Asiatic elm trees showed green, and this date is
considered as the first leaf opening of Asiatic elm in the vieinity of
Stillweter, Oklahoma. On the whole, American elm trees were decidedly
later in first leaf openinge Records show April 6 to be the first leaf
opening date for _émerioan elms. On Asiatic elm 30 days had elapsed be-
tween the time the buds showed green and the counts were made, and 14
days had passed between lsaf opening and leaf counts on the American
species.

The method of making counts was to select various branches on
sprayed trees and check trees. Five branches were selected on sach
tree, and the number of leaves counted thaet had developed from one bud
on each branch. The average number of leaves from one bud was then de-
termined and recorded. Fige 6 shows the average number of leaves that
hed developed from buds sprayed with three different applications of
o0il sprays. These were counted April 19 when practically all of the
trees were begimming to leaf outs Thirteen trees were used which had
been sprayed December 4, 1938, 15 trees sprayed March 3, 1939, 19 trees
sprayed March 22, 1939, and 10 trees from the checks,

The American elm shows a slight increase in the number of leaves

developed from trees sprayed March 22 as compared with the number de=-



Number of leaves per bud

16

Americaﬂ elm
F* A}Asiatic elm
12 |
8 |
4 |
- E | L . 3 [ ) L L) |
o2 sz (@] ! (@ Lo O o
=1 ~ ~3
0] -
12-4-38 3=3=39 B3=22=39 Check

Spray dates

Fige 6 = Effect of spfaying with winter miscible oils-on the average number of leaves that
operred on American and Asiatic elm trees, April 19, 194§,
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veloped from trees sprayed December 4, The difference of 2.34 leaves
per bud does not seem to be sufficiently great to be significant con=-
sidering such varying factors as soil heterogeneity and climatic dif
ferences. There was practically no difference in the number of leaves
developed in the cheek trees and those sprayed March 22, a greater
number of Oe.l leaf per bud developing in the check.

The Asiatic elms exhibited an opposite reaction from the American
elms by having a greater number of leaves develop from the trees spray-
ed on December 4 than from trees sprayed March 22, This difference of
1,66 leaves per bud does not seem to be significant since the factors
mentioned as influencing tree foliation on the American elms would
likewise effect the Asiatic elms. The check trees of the Asiatic elm
show a slight inorease of 064 leaf per bud over the trees sprayed
March 22, but a decrease of 08 leaf and 0,96 leaf per bud under the
trees sprayed March 3 and December 4, respectivelys This veriability
may be due chiefly to uncontrolled conditions as mentioned abovee

Ovicides Applied on American Elm

The spray test applied December 4, 1938 (Table 5), shows four
per cent "Spra-mulsion™ to be the most effective ovicide with a 27,1
per cent egg comtrols Eight per cent and two per cent "Dendrol"
followed with 20.5 per cent and 16,7 per cent kill being obtained,
respectively, Neither of the lime sulphur solutions gave satisfact-
ory resultse.

The second spray test applied March 3, 1939, (Table 6), shows
that a higher egg kill was obtained by the use of late winter ovicides.
Eight per eent "Dendrol" leads all ovicides with a 47.3 per cent



Teble § = Field Tests of Early Winter Dormant Sprays Applied December 4, 1938 on the
Eggs of Stictocephala inermis in Ameriean Elm Twigs at Stillwater, Oklahoma

T N s T Amountt Condition of B at Count s per
Test : Date ' ¢t Per cemb: in @ 1Alive oriParasi-t ead 1cent

Number: Counted : Materials Used : Dilutions Quarts: Totel:Hatched stized sNumber ; Per cenmb:Control
28 5=6-39 Dendrol Miseible ;

oil (93% actual 8 1.1 577 372 g 196 3397 2045
oil)
30 do do 4 365 510 357 3 150 29 441 13.8
37 do do 2 2.4 438 206 8 134 3067 16.7
12 do Spra~mulsion Mis-
cible oile (actual 8 1.3 548 432 0 116 21.17 360
oil 85%.)
16 do do 6 1.8 618 431 3 184 29477 14,2
24 do do 4 245 522 309 3 210 40.22 27.1
26 do do 2 2.2 476 343 1 132 2775 11.2
Baume
40 5-8-39 Lime sulphur, 33°
Baumé concentrate 5 le4 540 429 0 11 20456 2.2
42 do do 4 1.7 510 386 2 122 23.92 6.8
Check 5=6=39 to 5-18«39 3891 31569 14 718 18445

8T



Teble 6 = Field Tests of Late Winter Dorment Sprays Applied March 3, 1939 on the
Eggs of Stictocephala inermis in American elm twigs at Stillwater, Oklahoma

H ]
Test 3 Date
Number: Counted: Mateorials Used

1 s Amoumtt

tPer cent @

t1Dilution :Quarts:Total sHatched stized

in

¢

2t Count '

Emﬁgm e! ggl
tAlive or: Bl=~ tPer cent

:ﬁ-‘bur T Per oent

46 b6=8«39 Dendrol winter
miscible oil.
(93% actual oil)

47  B=10=39 do

50 do do

62 5-8-39 de

56 do Spra=mulsion mis=
eible oile. (85%
actual oil.)

68 do do

60 do do

66 5-11-39 do

67 do Lime sulphwr 33°
Baumé concentrate

69 do do

Check 5-6-39 to 6~18-39

@ LU =]

[ ]

Baumé

5
4

1.6

1.25
1.26
1.75

1.26
1.50

2426
2426

1.26
1.0

516

516
536
530

560
564

510
524

458
508

3891

221

348
405
874

424
8169

0

Qo me=HO

o &

14

294

168
129
154

195
268

157
88

118
82

718

57409

32,56
24,11
390°§

34.82
47.52

30478
16479

265476
16.12

18,456

tControl
4743

17.0
6.8
13.1

19.7
3640

155
-2.0

12,9
=27

61
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control; six per cent "Spra-mulsion"™ and eight per cent "Spra-mulsion"
follow next with 36,0 and 19.7 per cent egg control being obtained
respectively. Lime sulphur sprays were ineffective as ovicides.

Table 7 gives the results of the third spray applieation applied
March 22, 1939. Egg kill was higher in this application than the
former two sprayings. Six per cent™Dendrol” led all materials in
effectiveness by giving a 63.1 per cent egg econtroles Closely follow=-
ing the six per cent "Dendrol™ was Oel1 per cent DNO spray dilution
with a two per cent "Spra-mulsion” carrier, and six per cent "Spra-
mulsion”, These sprays gave controls of 61ls9 per cent and 5646 per
cent in order listed.

In averaging the three spray applications, (Table 8), the six
per cent "Dendrol" was omitted, since tl;e first application did not
include the six per cemt spraye As & whole, the first application
gave poor results, and consequently, by omitting the average of the
six per cent "Dendrol”, there would be less chance of misconstruing
the sumarye The summary shows eight per cent "Dendrol®™ to be the
most effective as an oviecide giving & control of 37.1 per cent. Six
per cent "Spra-mulsion” followed in effectiveness and four per cent
"Spra mulsion" gave the next best controle .

The test sprays applied March 22 show that adding a 0.1 per
cent DNO to a two per cent "Spra-mulsion" spray gave almost as good
control as six per cent "Dendrol" spraye This indicates that when
this material is used, the amount of oil in the spray may be very
materially reduced. The practicability of this combination depends
upon the comparative price of the two materials used at the dilutions

tested.



Table 7 = Field Tests of Delayed Dormant Sprays Applied March 22, 1939 on the Eggs of

Stictocephala inermis in American elm twigs at Stillwater, Oklahoma

' ' ' + Amount: Condition of Igps at Count 3
Test : Date tPer cent ¢+ in tAlive or sParasi-: " Dead sPer cent
Number 3 Cownted: Materials Used sDilution :QuartssTotal sHatched stized ¢ Number ¢ Per centiControl
72 5=11=39 Dendrol winter mig-
cible oile (93% 8 1.256 482 221 2 259 5373 43,5
actual oil)

T4 do do 8 1.0 517 156 B 387 69.086 63.1

76 do do 4 1,60 481 185 3 293 80491 5246

79 do do 2 1,50 494 294 3 199 40,28 26,7

82 do Spre-mulsion mig-

cible oils (85% 8 1.50 497 199 2 2986 59 .56 807
actual oile)

84 do do 6 1.76 491 173 5 313 63.75 56,6
101 do do 4 1,256 431 203 2 226 524,44 42.0
103 do do 2 " 1,60 509 343 0 166 32.61 1760

Baumeé

113 5=17=39 Lime sulphur 33°

Baumé coneentrate 5 1.33 524 405 1 118 22,62 4.8
115 do do 4 1.0 460 3456 2 113 24,57 76

Dinitro-o=cyclohexylphenol

146 5-18«39 Dilution of 2% spra-

mulsion plus DNO 0.1 1,256 486 150 7 329 67.70 61.9
117 do do 0,05 1,50 476 183 2 291 61,13 52,7
148 do do 0025 1,26 478 317 0 159 33.40 18,0
Check 5-6=39 to 5«18«39 3891 3169 14 718 18.45




Table 8 = Mean Average of Spray Tests of Winter Ovicides
Against Se inermis Infesting American Elm Trees
at Stillwater, Oklahoma

H
Materials Used : Per cent 0il : Per cent Control

' in Spray :December 4 March 5 March 22 lean
Dendrol 8 20656 47,3 43,5 371
do 4 13.8 6.8 52.6 34.4
do 2 16.7 13,1 2647 18.8
Spra=mulsion 8 330 19,7 60,7 24,5
d@ 6 1‘.’ 360 56.6 3508
do 4 37.1 1508 43.0 28.3
do 2 11.2 -2 o0 1740 8e7




Ovicides Applied on Asiatic Elm

The spray test applied December 4, (Table 9), shows four per cent
"Dendrol®™ to be the most efficient oviecide with a 8043 per cent egg
control, Eight per cent "Dendrol”™ and six per cent "Spraemulsion”
follow giving 67.6 and 61,6 per cent egg control respectively. Lime
sulphur gave umnsatisfactory results as an ovicide.

The second spray test applied March 3, (Table 10), shows a de-
erease in general ovicidal efficiensy. Six per cent "Spraemulsion”
was the most efficient ovicide with a 74.3 per cent control. Eight
per cent "Spra-mulsion” followed by two per cent shows next best con-
trol with 64.9 and 52,0 per cent egg control respectively. Lime sul=-
phur was very umsatisfastorye.

In the last spray test, (Table 11), eight per cent "Dendrol”
leads with 73.1 per cent control, closely followed by six per cent
and two per cent "Spra-mulsion”™ with egg controls of T0+2 and 69,1
per cent respectivelye. Lime sulphur and the DNO materials gave very
unsatisfactory results as ovicidess

The average of the three tests is given in the Teble 12, "Spra=
mulsion" gave the most satisfactory results with 6847 per cent egg
control, the six per cent dilution giving the highest kille Lime
sulphur and the DNO dilutions were inefficient.

Spraying American elms in the delayed dormancy period, as indi-
cated by Figs. 7 gave the best egg controle The Asiatic elm may be
sprayed at any period from dormency to delayed dormancy for good egg

control as indicated by Fige 8¢

SUMMARY
Excessive scarring of American and Asiatic elms growing along



Table 9 = Field Tests of Early Winter Dorment Spraye iApplied Deceamber 4, 1938 on the

Eggs of Stictoocephala inermis in Asiatic Blm Twigs at Stillwater, Oklahoms

: ' ' s Amount Condition of Bggs at Count :
Test & Date t sPer centt in TALiVE OFtParasi-t Dead t Per cent
Numbers Counted § Materials Used tDilution:Quarts: TotalsHatohed ttized slumber : Per ocent:Control
10 B=3=-30 Dendrol winter mis=—
eible oile (93% 8 2.12 528 119 16 3953 74,48 675
actual oils) HEN
14 do do 4 366 835 73 - 4 456 85,05 8043
19 do do 2 25 5563 184 % 162 45,89 24,7
1 5=1=39 Spra~mulsion winter
misoible oile (85% 8 2.0 536 146 11 379 7071 6047
actual oils)
3 do do 6 26l 526 140 9 377 Tl.67 6l.6
5 do do 4 2.25 576 163 T 406 70«49 59,1
Y He3=39 do 2 5 280 561 221 9 331 59 400 43,1
Baume
22  5-6-3%9  Lime sulphur 33° 5 1.50 493 218 2 273 55.38  36.1
Baumé concentrate
33 do do 4 2400 340 2156 10 115 33,82 8.7
Check 5=3=39 to 5-18=39 3208 2217 51 9308 29426




Table 10 = Field Tests of Late Winter Dormant Sprays Applied March 3, 1939
on the Eggs of Stictocephala inermis in Asietic elm twigs at
Stillwater, Oklahoma

: . : + Amount: “Condition of epgs &t count 1 Per

Test : Date tPercent : in 1 tAlive or{?irll£:§s Dead : cent
Number:Counted: Materials Used sDilution: Quarts:Total:Hatched :tized :Number : Per cent:Control
356 5«8=39 Dendrol winter miscible

oils (93% actual oil) 8 1,76 BbB62 272 2 281 50400 30.1
48 5=10-39 do 6 2,00 933 460 21 452 48 .45 28.8
856 5=12-39 do 4 2,76 4286 117 8 240 56,47 3947
87 b=11-39 do 2 176 462 201 0 251 55453 35,7
89 do Spra-mulsion winter

miscible oil. (35% 8 1.76 4368 106 3 327 7500 64.9

actual oil) '
20 do do 6 2.00 410 73 2 335 81.71 Tded
81 . e do 4 1,76 463 153 9 301 65,01 5047
95 do do 2 ) 2426 407 135 4 268 65.84 52.0

Baume

97 do  Lime sulphur 33°

Baumé concentrate 5 1.26 420 285 3 132 31.43 1.9
99 do do 4 1.00 433 276 0 157 36.26 TeB

Check 5«3=39 to 5~18-39 3206 2217 51 938 29.26




Table 11 =« Field Tests of Delayed Dormant Sprays Applied March 22, 1939 on

the Egge of Stictoce

inermis in Asiatic elm twigs at

water, lahoma
t ' E 1 Amounts Condition of eggs at count :
Test : Date tPer cent: in 1Alive oriParasi~t ead tPer cent
Number: Counted: Materials Used :Dilution:QuartssTotals:Hatched :tized sNumber : Per cent iControl
105 5«11«39 Dendrol winter 8 1,560 511 95 6 410 80.23 78.1
miseible oile (93%
actual oil).
107 5«16«39 do 6 le50 376 116 0 260 69.15 8543
109 do do L 2,00 382 178 1 208 55,14 32.7
111 do do 2 3,00 453 172 & 280 61.81 45.4
128 5-18=39 Spra-mulsion winter 8 2,00 426 93 8 3286 76.29 68.5
miscible oil. (85%
actual oil).
133 do do 6 1.00 451 83 4 354 78 449 7042
135 do do & 2.26 429 106 12 312 7273 64,6
143 do do 2 2,00 406 87 3 316 77.83 6941
Baume
154 do  Lime sulphur 33°
Baume concentrate 5 2,00 415 265 8 142 34,22 TaT
156 do do 4 1,256 449 297 ) 143 51.856 4.5
% DNO
158 do Dilution of 2% spra-
mulsion plus DNO Osl 1,76 424 189 6 230 54.25 35.0
160 do do 0405 1450 463 246 & 213 46,00 238
162 do do 04025 2,00 449 293 5 151 33.63 5.6
Check 5-3-39 to 5-18=39 3208 2217 51 938 29426




Table 12 = Mean Average of Three Spray Tests of Winter Ovicides
Against S. inermis Infesting Asiatic Elm Trees at
Stillwater, Oklahoma

: :
Materials Used : Per cent 0il : Per cent Control

: in Spray : December 4 March 8 Maroh 22 _ leen

Dendrol 8 6745 - 3061 731 56 49
do 4 8063 397 327 509
do 2 24,7 35.7 4544 3543

Spra=-mulsion 8 6067 84.9 6845 64,7
do 6 61l.6 'M.S 702 68,7 ;
do 4 5941 507 6446 58,1
do 2 43.1 5240 6941 54.7
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a highway near Stillwater, Oklahoma was found to be caused by the
egg laying habits of Stictocephala inermis (Fab.), commonly known

es the green clover tree hopperes

Eggs are deposited on the dorsal surface of two=three-and four-
yeer old wood of American and Asiatic elm twigs in pouchelike cases
holding from five to six eggs each,

The eggs hateh in April end May, and the nymphs fall o the
ground where they feed on such plants as wild pgoralea, false dande-
lion, and wild lettuces They remain on these plants until they be-
come adults in June and July., Neither the nymphs nor adults were
ever found feeding on American or Asiatic elm, Females deposit their
eggs from late July to the beginning of September. There is one gen=-
eration a year.

Injury to the stem is brought about by the female when she in-
serts here saw-like ovipositor through the tender bark in the process
of egg layinge Incisions often occur through the cenbium layer and
into the outer woode These incisions may sever eonduoﬁvo tissues
and may allow ingress by a pathogeniec organism.

There was no l-igniﬁennt difference in diameter growth the year
following injury of non-infested over infested twigs in either the
American or Asiatic species, but trees with excessive oviposition
sears showed some dead tips of smaller branches which may have been
due to this inseoct,

There was no apparent injury to the leaf development in the buds
of either the Mmerican or Asiatic elms by the use of dormant oils to
control an infestation of S. inermis.

Three spray applications on each species of elm were made during
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the winter and spring of 1938«39 to test ovicidal efficiency against

the egge of Stictocephala inemise. These sprays were applied Decem-

ber 4, 1938, March 3 and March 22, 1939,

The sprays tested were two commercial miscible oils known as
"Dendrol™ and "Spra-mulsion®. Lime sulphur concentrate was also
tested as was a material kmown as dinitro-o-cyclohexylphenol with a
two per cent miseible oil as the earrier.

On the American elm in the late winter spray, applied December 4,
the four per cent "Spra-mulsion" gave the best results. In the late
winter spray, applied March 3, the eight per cent "Dendrol"™ gave the
best controles A six per cent strength of "Dendrol" gave the best re-
sults in the delayed dormant spray applied March 22, Averaging all
three applications, the highest control was obtained from eight per
cent "Dendrol".

On the Asiatic elm, four per cent "Dendrol" gave the best re-
sults in the early winter dormant spray, six per cent "Spra-mulsion”
the highest kill in the late winter spray, and eight per cent "Den-
drol"™ gave the highest per cent control in the delayed dormant spraye.
Averaging the three sprays, six per cent "Spra-mulsion" gave the
highest per cent controls

Highest kill was obtained from spraying in the delayed dorment
spray for the American elms For the Asiatic species, little differ-
ence was obtained in per cent control between any of the three dates
of application.

Lime sulphur of either four or five degree Baumé was ineffective
as an ovicide, The use of dinitro-o-cyclohexylphenol in a +two per

cent "Spra-mulsion" spray gave 61.9 per cent control on American elm



when the trees were sprayed March 22, This combination, however,
was ineffective as an ovicide on Asiatic elms.

Parasites were relatively umimportant in tree hopper control
during the period of the experiment, but 20 per cent of the eggs were
killed by other causes. There must also have been a very great mor-
tality in the nymphs from the time of hatehing until they loecated
a suitable host plant.

Clean cultivation to destroy succulent weeds, especially wild
psoralea may be used where the infestation is continually heavy each

year and should be the best preventives

RECOMMENDATIONS FOR CONTROL

The best time to spray American elms to control S. inermis proved
to be late in March, but even then the maximum control obtained was on=-
ly 6341 per cent with a six per cent "Dendrol™ spraye. Better kills
were obtained on Asiatic elm, but the data are quite conflicting con=-
cerning the best time to spraye On the average, eight per cent "Spra-
mulsion” and eight per cent "Dendrol™ gave the best results on this
variety, but even here, satisfactory controls were not obtained, the
maximum being 80e3 per cent secured with "Dendrol™ and the highest kill
being 743 per cent, obtained by "Spra-mulsion".

Owing to the fact that injury to the tree by S. inermis is more
apparent than real, and since there is a high mortality of the insect
during the egg and firsi nymphal stages, the value of spraying with
dormant oils to kill the eggs 1ls questionablee. While the flight habits
of the adult tree hoppers are not kmown and it may be pessible that
they migrate for considerable distances, a suggested pmenﬁive is weed
control under the trees and nearby pastures, to prevent breeding, with
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