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INTRODUCTIOll 

During the summer and fall of 1938. a number or erican elms 

(Ul:mus americana L.) and Asiatic elms (,!!• Rumila t.) were found to 

have been apparently severely damaged from oviposition by a species 

of tree hopper. These el.ma had been planted along a nine-mile strip 

of road south of stillwater • Oklahoma. on Highway 40 by the state 

Highway Commission as ape.rt of a highway beautifioation program. 

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 injury. A thorough search of the literature proved that 

control experiments pertaining to tree hoppers were aoanty 1n nature 

with no research having been done on species intesting elms. The 

studies were begun early in the fall of 1938 and continued throughout 

May. 1939. 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 Stictooephala inermi• (Fab.)l (Fig. 1) 

REVIE OF LITERATURE 

Distribution and Synon.ym;y 

Stictooephala inenni• (Fab.), oomnonly known 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. Pontotoc. Lati

mer. LeFlore. and Choctaw Countiee in Oklahoma and probably occun 

throughout the state. Jonee (10) lists this species ae occurring in 

Nebraska. Yothers (20. 21) studied.§.• inerm.is 1n the State of ashing

ton and finds it the most common tree hoppar species in the Pacific north~ 

l Determined by P. B. Lawaon 



Pig. lA.. Lateral view of adult green· clover 
tree hopper. StictoceRhala inermia. ( larged 
10 times) . 

lB. Dorsal view of adult green clover 
tree hopper. stiotooephala inermia. (Enlarged 
10 times) 
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west. Hodgkiss (8) lists this species in New York. This insect i• 

present generally throughout most of the United States with the ex-

caption of' the southeast. 

Thia species was originally described by Fabricius (2, P• 677) 
and placed in his genua Membraoia in 1775. In 1830, Say (14. P• 243) 
desoribed it as goniphore. of the same genue. Fitch, in 1~51, (5, P• 
48) referred inermis Fab. to the genua Smilia of Germar. Walker 
(18, P• 1141) in 1652~ placed Say's species in the genua Cereaa of 
Am;yst and Serville. In 1869, Stal (16, P• 246) placed inermia in his 
new genus Stiotooeahala. Rathvon (l~, P• 551) in the same year used 
the same speci£ic etermination but placed it in Genm.r•a Sm.ilia 
(misspelled as Smillia)e Since Wiler (17, P• 471), in 1871, placed 
the species back in the genua Stiotooe~la of Stal (spelling it as 
Stictooephalua) it has retained that c ss1f1oation. (21) 

Injury 

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

the oviposition pmiotures of Caresa bubalua (Fab.) primarily aa an 

UDnatural aloughing off of the woody growth of apple twigs and seoond-

arily by allowing ingress of phytopathogene. 

Biology 

Yothers (21) found that the eggs of!• inermis hatched during 

April and early May and that an average of 68 days was required for 

the ~phs to pass through five instar1 and reach maturity. He also 

found a natural egg mortality of 11. 7 per cent• 

Control 

Lovett (11) suggested the use of eight gallons of a heavy miscible 

oil to 100 gallons of water aa a tree hopper ovioide. but seemed sane-

what dubious as to the ability of the oil to penetrate through the 

outside bark and ree.oh the egg masses within. Yothere (20, 21) spray-

ed the eggs of!• inermie with a four per cent oil emullion or mis

cible oil and achieved satisfactory results. Sorenson (16) indicates 

that a donna.nt miscible oil spray such as used in the control of 
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Aapidiotus pernioiosus Comstock is an important measure in the control 

of tree hoppers. Hudson (9). while working with Glossonatua orataegi 

Fitoh. :f'o'l.md dormant egg sprays ineffeotiTe. but control 'ffll.s obtained 

by a contact spray of oil•niootine against the nymphs. Harmon ( 7) 

found that using a dormant lubricating oil emulsion of aix per cent 

strength would give a good control of Glossonatus crataegi Fitoh. 

AB a. natural means of control, Wildennuth (19} records several 

species of birds feeding of~· festina Say. He also records toads 

as being predators of!• festina. Say. According to Yothers (21) two 

coocinellida; namely, Adelia bipunotata (L.) and Hyperaspia quadrivit

tata Leo. and stJVera.l species of spiders and ants were found .feeding 

on emerging nymphs. 

As a cultural means of control. Sorenson (16) regards clean 

culture aa a major factor for controlling tree hoppers, and Yothers 

(21) considers clean culture as a last resort in oases of severe injury 

where the use of oil sprays ie undesirable. 

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 egg stage. The eggs batch in early spring, the 

nymphs mature by early sun:mer. and the adults lay their eggs during the 

middle and latter part of the summer. There is only one generation a 

year. 

Lite History Technique 

Life history etudies of s. inermia were carried out at Still'WB.ter 

in a normal air temperature room. Infested twigs were placed in a 



i'our-01m.oe bottle with the out ends extending into the neok of 

the bottle; the bottle was filled with water-saturated moss •. Sur

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 attaohed them.selves to 
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a succulent host plant and remained on the plant until the adult 

stage . Af'ter the ~phal host plant selection had taken place. w1r, 

cages were placed over the plant so that no new reinfestation could 

occur. In this manner• host preference in the laboratory was deter

mined. and a general life cycle waa observed. 

Egg Deposition 

The green clover tree hopper lays its eggs in two-three and

four- year old wood ·of Ame.:ioan e..nd Asiatic elm. The eggs are laid 

in the lower branches and may be in single. widely aeraratsd pouches, 

or the pouches may be located in close proximity to ea.oh other. Egg 

pouches are normally located on the dorsal surf'aoe of the twig. The 

oviposition soar ie a small longitudinal. crescent-shaped slit into 

and sometime.a through the bark where the !'em.ale deposits from one 

to nine eggs in pouch-like easaa, (Fig. 2). In 3,633 egg pouches 

eJtatnined 1n Asiatic elm. 18.228 eggs were found giving an average of 

5.02 eggs per pouch. In 3, 451 egg pouches emmined 1n .A:merioan elm. 

20.174 eggs were found giving an average of s.as eggs per pouch. In 

both the American and Aeiatic species. oviposition soars were quite 

numerous with no noticeable differenoe in inf'estation between the two 

species of elm. Since the elm trees were located on a long stretch 

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



Fig. 2 • Egga of s. inermi1 in their 
natural position in the bar£. 





to see if' there were areae of higher or lower resistance to tree 

hopper injury, but: little differanoe wa• noted as to ovipositicm. 

There waa no difference in infestation between the north and south 

side of either apeoies of elm. 

Hatching Period 

In oonaon with other tree hoppers, s. inermia overwinters in -
the egg stage, in either .Am.erioan or Asiatic el.a, the egg• normally 

hatohing in the early spring. At Still•ter, the first ~ 

emerged April 15. (Table 1) 

Table 1 - Emergence of Nymph.a fr-om American and Asi•tic Elm Twigs 

t Number of eggs I Percent 
Date : Kind of elm counted I Hatohecl 

April 19 .Amer1oan 86'7 39.9 

April 19 Aaiatio 751 48.0 

Apr"il 2f. American 608 44.4: 

April 28 American 111 12.2 

Vay 18 Amarioan a2, 76.S 

May 18 Aaiatio 716 10.1 

Soon arter emergenoe take• place, the first inatar nymphs fall 

to the ground and teed on succulent herbaceous plants. The iDmlature 
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inseot seeks the lower level of the host plant and remains there until 

full grown. In some cases, the D1ffl.Ph• will wander about the main 

stem of the plant, but a alight j~ing ot the plant will easily 

loosen a:ny stage of the nymphs , and they fall to the ground where 

they immediately hide around the base of the stem. Aa many a.a 

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



Summer Host Plants 

The nympha were found almost exclusively on Psoralee. 

tenuitlora var. tloribunda (Nutt.) Rydb, and aa stated previoua

ly in the earlier stages, they were invariably found at the base 

or the plant. In the laboratoey D1ffiph1 were reared successfully 

on false dandelion (f'Y":hopappua •P• D.c.) and wild lettuce, 

(Laotuca scariola L.) • They would not feed on Hordeum pUlillum 

Nutt . In the field, nymph.a oooa1ionally were found on false 

dandelion. In no instance "lll!l.8 a nymph i'ound feeding on the twig• 

or leaves of either the .American or Asiatic eL~. 

Tranafonnation to the Adult stage 
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In the laboratory, the first adult lffl.8 found June 6, and 

thereafter until June 29 a constant Qdult emergenoe oocurred. It 

is quite possible that a little earlier emergence took pl ace in the 

field with regard to both eymph and adult. Fig. l illuatratea the 

appearanoe of Stiotooephala inermis in the adult stage. 

INJURY 

Description 

The damage done by the tree hoppers i• not in the feeding ot 

the nymph., but by the female in the prooeaa of egg laying. With 

her saw-like ovipositor she outs through the bark, oambium. layer, 

and into 'the outer wood giving the stem a roughen•d appearano•. 

(Fig. 3). Sinoe the oviposition outs into the cambium layer, it 

causes the curled fragment. of the bark surrounding the ptmo'ture to 

wither and die leaTing the infested stem with a knotty appea.ranoeJ 

this aspect is due chiefly to the hypertrophied growth of cell1 



surrounding the egg mass. Fig. 3A shows the branch of an .American 

elm with numerous punctures 'Whioh defo:nn the branch, and Fig. 3B 

is a typical infested twig of an Asiatic elm. also showing the 

roughened appearance. 

Ei'feot of Orl.position on Tree Growth 
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Histologioal study, - In order to determine how deep the incia

iona were made into the twig, microtome sections were made of twigs 

of both specie• 0£ elm. A sliding microtome lffl.S used fo~ dissection 

and sections 20 microns thick were cut. Technique in cutting and 

staining is a modification of the one used by Langdon (11), and 

Goodwin and Fenton (6), in that to demineralize the stems required 

e. longer per iod, 90 days, than that used by tangdona Goodw.Ln and 

Fenton oounterstained the safranin with haEl!lotoxyln solution, where

as no counter stain was necessary in this cue, since the apparent 

injury was all that was required. 

In examining the injury oaueed by the tree hopper's ovipoei• 

tion, (Fig. 4), one can peroeiTe that it may result in the food 

supply being out off if the injury is sufficiently heavyJ and it 

my be a means by whieh a. plant pathogen may enter the healthy 

tissue causing rotting or any other unhealthy oondition. 

Fig. 5 pictures an infested and a non-infested Asiatic elm 

tree showing the dead tips of the in£eeted tree aa compared to the 

nonnal leafing of the healthy tree. 

Diameter measuremoo.taa• Since it is the habit of s. inerm.is to 

oviposit in two-three and•four~year old twigs of American and 

Asiatic el.ma. and since its oviposition may oause a oonsequent de

crease in the gr<ffi-th of infested over non-inf'ested twig•. a eeriea 



Fig. M. Injury to American elm by St1otooephala 
inermia showing oharaoteristio roughened shaggy 
appearance of bark caused by oviposition punctures. 
(natural she) 

SB. Injury to Asiatic elm by Stiotoc~hala 
inermia showing characteristic roughened sggy ap. 
pearanoe of bark caused by oviposition punctures. 
(natural size) 
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Fig. 4A Cross section directly over ovi
position soar of an American elm twig showing 
damage to nornal tissues caused by Stiotooepha.la 
ina:rmis in the prooesa of egg laying. (Enlarged 
11 times) 

4B Cross section of an Asiatic elm twig 
at far end of oviposition soar showing damage 
to normal tissues caused by Stiotooephala inarmia 
in the process of egg laying. (Enlarged ll times) 
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Fig. 6A. Uninfested Asiatio elm showing 
tree in full leaf with no apparent dead 
tip injury. ( natural size) 

6B. Infested Asiatic elm showing 
dead tips of small branches where oviposi
tion scars of Stictooepbala inermis were 
unusually heavy. {natural size) · 
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of measurement• were made April 22. 1939 • and a.gain September 2. 

1939 to determine the growth diff ere nee between the infested and 

non-infested twigs during the growing season of 1939• The instru-

mente used £or measuring consisted of a pair of calipers and a 

millimeter •oale. Twenty trees frc:m four to six years of age were 

used for each set of measurements. there being four sets. the inf'est• 

ed .American elma. the non-infested .American elma. the infested 

A•iat1c el.ma. and the non-infested Asiat.io elms• 

The tree.a were eelected and mapped in a field notebook so 

that the fall measurements oould be taken on the same twigs aa 

the spring m.eaaurementa. To ascertain what constituted an inf'ested 

tree. the n'll!lber of oviposition a.oars on a six~inoh branoh wa• 

counted. and if there were more than 20 soars found. the tree was 

selected and twig measurements were made. In making the measure-

manta. the following procedure was adopted, (1) Twigs were measure-

ed six inches from their point of origin. (2) !en such twigs were 

measurad from each tree giving a total of 200 mea!lurements for each 

aeries. (3) These measurements were taken on sprayed and unsprayed 

Amerioan and Asiatic elm trees. 

The mean growth for the infested .American elm twigs was oal-

culated by finding the differeno• between the plua and minus 

growth• of spring and fall. and dividing this difference by the 

nlmlber of samples (200). It was found to be Oe60 mm. in diameter. 

The mean growth for the nan-infested American elm twigs was oalou-

lated as above. and found to be o.42 mm.; the mean difference •• 

thua o.os mm. Thie mean difference was subjected to statistical 

analyaia. and the T value of 0.280 was aeoured. This value is to 

be compared to the tabular value, at the :f"ive per oent l evel. 1.966. 



The value of T is too small to be considered significant; conse

quently. the same may be said for the mean d1£ferenceJ namely. 

o.oa mm. 
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The mean growth for the infested Asiatic elm twigs oa.1culated 

by the method as described abOTe was found to be o.36 mm. in diamet

er. The mean growth for the non-infested Asiatic elm twigs was cal ... 

culated o .34 mm., the mean difference was 0.01 mm. The mean differ

ence 1118.8 subjeoted to statistical analysis. and is too small to be 

considered significant. 

Conclusions a- By statistical analysis . therefore. there waa 

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 true. In e:xamining the seotioned stem,. 

however. and obserTing the infested trees. one may conclude that in 

later years the damage might become more notioeable . 

NATURAL CONTROL 

A total of 3,891 eggs of!• inermi• was counted on the check 

trees of American elm, of which 3,159 were f'ound alive or hatched, 

14 parasitized, and 718 dead. givi,ng a natural egg mortality or 
18.45 per cent. '1'he Asiatio el.ma showed a higher natural egg mor

tality. or the s.206 eggs e:xamined in the oheok trees . 2.211 were 

found alive or batched. 51 were parasitized and 938 were dee4 giv

ing a natural egg mortality of 29 .26 per cent. It appears that 

although there is a high infestation of tree hopper eggs in Asiatic 

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 twig. Thia inhibits the natural hatching 0£ the eggs and 



creates a barrier whioh hamper• the emergence or the young tree 

hopper, thereby increasing the natural mortality. 

One apeoies of hymenopterous pe.rasi tea namely, Polynema 

str:Laticorne Gir.2 •a taken tran the egga of s. inermi:a in both 

American and Asiatic elm.. Thia insect was not sufficiently 
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abundant to destroy maey- egg•• Of 20,174 egga examined in American 

elm, 10, or o.52 per cent contained para1itea; of the 18,228 eggs . 

examined in Asiatio elm, %54 or 1.39 per oent contained pare.sites. 

SPRAYING K.XPERDrl!lNTS 

The ohemioa.l measures employed to kill tree hoppers may be 

clas s ed in two general divi1ions1 (1) those used for nymphal con

trol, and (2) thos e us ed as ovioides. Each of these measures will 

to some extent control a tree hopper infestation. Under most oondi• 

tiona, however, an ovioide is the most appropriate and practical 

measure. Ovioides, consequently, were tested as a means of control 

for stictooephala. inermi1 infesting American and Asiatic elms at 

Stillwa.ter, OklahOl.lla• 

Since oils are used as ovioides for many insects, and since it 

had been suggested by other authors that oil sprays be used as ovi-

oides to control tree hoppers. two miaoible dormant oils were tested 

as possible controls for s. inermu. 

Inaeotioides Used 

The materials purchased represented two oilsJ namely, "Dendrol" 

containing approximately 93 per cent actual oil, and "Sp:ra-mulaion" 

containing approximately 85 per cent aotual oil• ( 4) Lime sulphur was 

2 Determined by o. A. Gahan 
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also used. and was diluted in the spray f'rom a 33 degree Baum& ooneen-

/ 
trate to a five and four degree Baume spray. These three materials 

ere used in three di.fterent time a.pplioa.tions of spray. In addition 

to these substances , the third spray application also included a two 

per ceJ:It "Spra-mulsion" oil plus three percentages of dilutions of 

dinitro-o-cyolohexylphenol obtained from the Dow ChElllical Compa:oy as 

a fusion mix containing 40 per cent of dinitro-o-oyolohexylphenol. 

The lime sulphur was calculated to the correct BaUtn.e degree strength 

by the use oi' a Bauma hydrometer. The DNO ( dinitro-ooyolohe:xylphenol) 

dilution was ee.lculated in weight . For example, i£ a 0.1 per cent 

DNO was needed and one had a 100 per cent to:xicant, one would require 

0.0083 pounds of 100 per cent DUO to make a 0.1 per oent spray, since 

water weigh.a about 8 ._3 pounds to the gallon. 

Spraying Technique 

The apray technique consisted of two men operating a wheelbarrow 

spray arrangement oe.pable of producing 150 pounds pressure; one l'IB?l 

pumping, and the other man operating the nozzle. Duplicate trees 

were sprayed with ea.oh type and percentage of oil, and other spray 

materials. Spraying was done with the highest pressure available with 

such an outfit. 

Both the infested American and Asiatic el.ma were sprayed 1n dup-,-

lica.te with each ovicide . Three spray applications were made at dif-

fereJ:It periodss namely, December 4, 1938, referred to as the early 

winter sprays »aroh s~ 1939, called the late winter spray; and March 

22, 1939, referred to as. the delayed dormant spray. The ql.antity of 

spray applied on each tree varied with the size of the tree sprayed. 

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



from the twig•• 12 

l{ethod of Determining Control 

Since the eggs of!• inermia are inserted into and sometimes beneath 

the bark of the .American and Asiatic elm treea, a dissecting knife waa 

used to peel off the abnormal growth from over the egg pouch to enable 

e:mmination to take place. Uve eggs whioh were turgid and a greyiah 

white in eolor could be easily separated trom those which were killed 

by the ovicide sinoe the dead egga were shriveled. had tUl"Iled a bla.ok• 

ish grey. and had become completely deflated. The effectiveness or 

each treatment ,nus determined from Abbott•s formula• (1). which takes 

natural mortality into consideration. The term "egg control" aa used 

in this thesis means the egg mortality caused by the spray t?'eatment 

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 (Table 4), ahow little variation with regard to either 

temperature or humidity fluctuationa. "ffllen Table 2 ia compared to 

Table 3., which gives the mean tanperature and rainfall for the laat 

half of 1938 and the .first halt of 1939,_ little dif'terenoe is noted 

between the mean records of temperature and humidity., and the olimato

logioal data present a.t the time of spraying. Thus., normal weather 

condition• pren.iled a.t the time of spraying which conaequently did 

not effect the application of the ovioides u•ed• 

Ef'f'ect o.f Oil Sprays on Lea..fing 

Oils may have varying effeeta en the early bud development of 

trees. In some oases they may retard normal development for a. brief 
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Table 2 • Meteorologioe.l Fa.cton at Time of Spraying 

t ~ra.ture i Hum:idi ty sW"ind• : Sky 
Spray rBegi J!!d15 r.Beginning Ending tM.P,H,:Qonditiona 

1st Spray (Early 490 580 43% 24% 15 Fair, Sun 
winter) December shining 
4, l9S9 

2nd Spray (Mid- 61° 50% 14 Fair, Sun 
winter) llarch ahining 
3. 1939 

3rd Spray .• (Late 66° 85° 41% SQ% 5 Fair, Sun 
winter) March shining 
22, l9S9 

•Eatimated 

< ·, 

Table S - Jlean Temperature and Rainfall Chart 

l a Mean tanperature I Mean rainfall 
Year a )(om;h I degree• r. a inch ea 

1938 July 82.2 3.88 
August 83.-& -&.39 
Septeber 1,.a 2.16 
October 68.2 o.s1 
•OTember '8.6 2.60 
Deoemb_. 40.6 0.42 

1939 January 43.4 3.42 
February 37.2 o.e1 
Ma.rob 53.8 1.09 
April 69.8 3.64 
May 70.6 2.99 
June 1a.o 4.23 
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Table 4 • Humidity and Temperature Reoorda tor 10 Daye Follow:l.Dg Eaoh 
Spray Application 

Date H 
Deo 

' !9 30 60 4.0 
5 M 3.1 58 30 
6 ,s 40 51 36 
7 '" '" 60 12 
8 k " 58 S6 
9 69 S8 68 22 

10 50 49 58 42 
11 66 54 50 32 
12 57 41 4.4: 33 
13 67 66 ,1 21 
14 62 50 63 lf 

l!Aroh 
4 6, 63 71 48 
5 89 63 61 36 
6 64 28 61 28 

' 53 ss 60 33 
8 56 86 81 S6 
9 55 6! 70 47 

10 '11 13 75 47 
11 75 3! 10 61 
12 '3 16 66 H 
lS 52 !6 78 S5 

llarch 
21 69 47 18 64 
2, 62 59 79 67 
25 68 69 76 63 
26 71 o7 75 41 
27 71 12 68 46 
28 73 74 67 38 
29 74 14 46 37 
30 74 73 64 Sl 
31 73 47 75 42 

April 1 59 4:0 7? is 
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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 manner. With 

thee e thoughts in mind. leaf oounte were made on trees that had been 

sprayed with winter miscible oils for the control of S. i:nennis. Both 

American and A•iatic elms were taken into consideration to note the 

effect of the winter oils on early leaf development. Counts were 

l!llde Ap-il 19 ,. 1939 • Early observations of' the elm trees oonoerned 

were begtm the first week in March to note the first leaf opening. 

March 20, buds of the Asiatic elm trees showed green, and this date i• 

considered as the first leaf opening of Asiatic elm in the vicinity of 

Stillwater. Oklahoma. On the whole. American elm trees were decidedly 

later in first leaf' opening. Records show April 6 to be the first leaf 

opening date for American 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 l eaf opening and leaf count• on the .American 

species. 

The method of making ootmts was to select various branohes on 

sprayed trees and cheok trees. Five branches were selected on ea.oh 

tree, and the number of leaves counted that had developed from one bud 

on each branch. The average number oi' leaves f'ram one bud waa then de

termined and recorded. Fig. 6 showa the average number of lee.ve1 that 

bad developed from buds sprayed with three different applications of 

oil sprays. These ware counted April 19 when practically all of the 

trees were beginning to l eaf out. Thirteen trees were used which had 

been sprayed December,. 1938, 15 trees sprayed Varch 3• 1939. 19 trees 

s prayed March 22. 1939. and 10 trees from the checks. 

The AJnerican elm shows a slight increase in the number of l eaves 

developed from trees sprayed March 22 as campared with the number de-
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veloped from trees spra.yed December 4. The difference of· 2 .34 leaves 

per bud does not seem to be su£f1ciently great to be significant con

sidering such varying factors as soil heterogeneity and climatic d:!f. 

f erenoe•. There waa practically no difference in the number of leaves 

developed in the check trees and those sprayed March 22, a greater 

number of 0 . 1 leaf per bud developing in the check. 

The Aaiatic elms exhibited an opposite reaction from the .American 

elms by having a greater number of leaves d8'1'elop from the trees spray• 

ed. on December 4 than from trees sprayed March 22 • Thia difference ot 

l e66 leaves per bud does not seem to be significant since the factors 

mentioned a• influencing tree foliation on the American elms would 

like'lfiae effect the Aaiatio elms. The oheck trees of the .Asiatic elm 

show a alight inoreaae of Oe64 lea.f per bud over the trees sprayed 

March 22, but a decrease of o.e leaf and Oe98 leaf per bud under the 

trees sprayed March 3 and December 4, respectively. This variability 

may be due chiefly to uncontrolled conditions a.a mentioned abovee 

Orlcides Applied on American Elm 

The a.pray teat applied December 4. 1938 (fable 5), ahon four 

per oent "Spra-mulsion" to be the most effective ovicide with a 27.1 

per cent egg control. Eight per cent and two per cent "Dendrol" 

f'Glllowed with 20.5 per cent and 16.7 per cent kill being obtained, 

respectively. Bei ther of the lime sulphur solutions gave satisfact• 

ory results. 

The aeoond spray teat applied J4aroh s. 1939. (Table 6). shows 

that a higher egg kill was obtained by the use of late winter ovicides. 

Eight per cent "Dendrol" leads all ovioides with a 47.3 per cent 



Table 5 - Field Testa ot Early Winter Dol"J1$1Ult Spraya Applied December 4, 1938 on the 
ll:gg• of stiotoc•phala inermia in Amerioan Elm Twig• at Stillwater, Oklahoma 

t Lnountt aoncl!tion ol E~~· at Co-imt tPer t t : 
Te1t t Dat• f 1 Per cent, in t iAlive or,Paraai•t · Dead aoent 
Num.ber1 Counted t Materials Used • Dilutions Quarta, TotalaHatohed atiaed slumber a Per oeiit:Control 

28 5•6•S9 Dendrol 111aoible 
oil (93% aotual 8 1.1 577 $72 9 19& 33.97 20.5 
oil) 

so do do 4 3.5 510 367 3 150 29.41 is.a 
S7 do do 2 2.4 438 296 8 lS4: 30.57 16.7 
12 do Spra-mulaion Mia-

oible oil. (actual 8 1.s 5.a 432 0 116 21.11 s.o 
oil 85%.) 

16 do do 6 1.a 618 481 3 18'6 29.77 14.2 
24 do do ' 2.s 522 S09 8 210 40.22 21.1 
26 do do 2 2.2 

Baum.' 
476 S43 1 132 27.73 11.2 

to 5-8-39 Lime sulphur, 330 
BaUJD.4' concentrate 6 1.4 MO 429 0 111 20.66 2.2 

42 do do 4 1.7 510 386 2 122 23.92 6.8 
Oheok 6-6-39 to 5-18·~9 $891 3169 14 718 18.45 

.... 
Q) 



Table 6 • Field Testa ot Late Winter Dormant Sprays Applied Maroh ~. 1939 on the 
Egg• of Stiotooephala inermi• in Amerioan elm twigs at Stillwater, Oklahoma. 

;Amount, Cona'.rHon ol Era5s at Count I : t t 

Teet • Date t ,Per oent • 1n : :Alive or,P&raai- a Dea& ,Per cent 
Number a Countedt Materiab Used ,Dilution 1Quarta1Tota.l ,Hatched ,tbed ,Number, Per oent1Control 

46 6-8-39 Dendrol winter 
miscible oil. 8 1.6 516 221 0 294 57.09 47.3 ' 
(93% aotual oil) 

47 5-10-39 do 6 1.25 516 348 0 168 32.66 11.0· 
50 do do ' 1.25 536 406 1 129 2,.11 e.s 
62 S-B-S9 do 2 1.75 530 874 2 164 29.06 13.l 
56 do Spra•mulsion mis• 

oible oil. (85% 8 1.25 660 366 0 195 34.82 19.7 
aotual oile) 

• 
68 do do 8 1.50 564, 293 3 268 47.62 36.0 
60 do do ' 2.26 510 S50 3 U,7 30.78 16.5 
66 6-11-39 do 2 2.26 524 4M 2 88 16.79 -2.0 

Baum 
67 do Lime sulphur 33° 

Baume concentrate 5 1.25 468 324 16 118 26.76 12.9 
69 do do 4 1.0 508 424 2 82 18.12 -2.7 

Oheok 6-6-39 to S-18•39 3891 3169 14 718 18.'6 

~ 
co 
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controlJ six per cent "Spra-mulsion" and eight per oent "Spra-mulsionu 

follow next with 36.0 and 19.7 per cent egg control being obtained 

respectively. Lime sulphur sprays were ineffective as oTieidea. 

Table 7 gives the results of the third spray application applied 

March 22, 1939. Egg kill waa higher in this application than the 

former two spraying•. Six per cent '!>endrol" led all materials in 

ef'fectiveness by giving a 63.1 per cent egg oontrol. Closely follow

ing the six per ottnt "Dendrol" we.a 0.1 per cent DNO spray dilution 

with a two per cent "Spra-mulsion" carrier, and a1x per cent "Spra

mulsion" • These sprays gave controls of 61.9 per cent and 56.6 per 

cent in order listed. 

In averaging the three spray applioationa, (Table 8), the six 

per cent "Dendrol" was omitted, ainee the first application did not 

include the si.% per cent spray. As a whole, the first applioation 

gave poor results, and consequently, by omitting the average or the 

six per cent "Dendrol", there would be leas chance of misconstruing 

the sumrmry.. The summary sh011B eight per cent "Dendrol II to be the 

most effective as an oTioide giving a control of 37.1 per cent. Six 

per cent "Spra-mulsion" followed in e£fectiveness and four per cent 

"Spra mulsion" gave the next best control. 

The test epraya applied March 22 show that adding a 0.1 per 

cent DNO to a. two per cent ttspra-mulsion"' spray gave ahnoat as good 

control as six per cent "Dendrol" spray. This indicates that when 

this material is used, the amount of' oil in the spray may be Tery 

materially reduced. The practicability of this combination depends 

upon the comparative price of the two materiala used at the dilutions 

tested. 



Table 7 • Field Testa of Delayed Dormant Spraye Applied March 22. 1939 on the Eggs ot 
Stiotooephala inermia in .Am.erioan elm twigs at Stillwater. Oklahoma 

:.Amotmt: ~on2i1:e!on o? E5s;s at .eount t t , . t . 
Teat 1 Da.te t 1Per oent 1 in : 1Alive or iPa.rui-, Dead 1Per cent 
Number I Com:itedt Materials Used ,Dilution ,QuartsaTote.l tHatohed stizod a NU1nber a Per oent,Control 

72 6-ll-39 Dendrol winter mis• 
oible oil. ( 93,C 8 1.25 482 221 2 259 53.73 43.5 
aotual oil) .,. do do 6 1.0 617 156 5 351 69.06 63.1 

76 do do 4 1.60 481 186 3 293 G0.91 62.6 
79 do do 2 1.50 494 294 1 199 40.28 26.7 
82 do Spra-mulaion m.11• 

cible oil. (86% 8 1.50 497 199 2 296 69.66 60.7 
a.otual oil.). 

84 do do 6 1.76 491 173 5 SlS 83.'15 66.8 
101 do do 4 1.25 431 203 2 226 62.44 42.0 
103 do do 2 / 1.60 509 343 0 166 32.61 17.0 

Baume 
llS 6-17-39 Lime sulphur 330 

Baum., concentJ'B.te 6 1.33 524 406 1 118 22.52 ,.s 
116 do do 4 1.0 460 346 2 113 24:.57 ,.s 

Dinitro-o-oyclohexylphenol 
14:6 6-18•39 Dilution ot 2~ apra-

mulaion plua DNO 0.1 1.25 '88 150 7 329 6?.'10 61.9 
117 do do o.os 1.so -'78 183 2 2'91 s1a, 52.7 
148 do do 0.025 1.25 476 317 0 169 33~40 1$.0 

Oheolc 5•6•39 to 5•18•39 3891 3159 14 718 18.45 

:::t 



Tabl e 8 - Mean Average or Spray Testa of Winter OVicidee 
Against ~· inermia Infesting American Elm '.rreee 

at Stillwater. Oklahana 

: t 

llateriala Used: Per eent Oil t Per cent Control 
I in s;eray ,December I March! larch!! 

Dendrol 8 20 . 6 47. 3 43 . 5 
do 4 13. 8 6 . 8 52 . 6 
do 2 16-.7 13. l 26 . 1 

Spra-mulaion 8 33. 0 19. 7 60. 7 
do 6 14. 2 36 . 0 66 . 6 
do 4 27. l 15. 6 42.0 
do 2 11.2 - 2 . 0 11.0 

Uea.n 

37. 1 
34. 4 
18. 8 

24. 5 
S6. 6 
2a . 2 

8. 7 
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OYioides Applied on Aaiatio Elm. 

The spray test applied December 4,. (Table 9), shows four per cent 

"Dendrol• to be the most efficient ovicide with & 80.3 per oent egg 

control. Eight per cent "Dendrol" and six per cent "spra-mulsien" 

follow giving 67.5 and 61.6 per oent egg control respectively. Lime 

sulphur gave unaatiefaotory results as an ovioide. 

%he second spray test applied March 3, (Table lo). shows a de

crease in general ovicidal efficiency. Six per cent "Spra-mulsion" 

waa the most efficient ovioide with a 74.3 per cent control. Eight 

per cent "Spra-mulaion" followed by two per cent ahowa next best con

trol with 64.9 and 52.0 per cent egg control respectively. Lime sul

phur 'W8.8 very unaatistaotory. 

Il:l the laat spray test, (Table 11), eight per cent "Dendrol" 

leads with 73.l per cent control, closely followed by six per oent 

and two per cent "Spra-mulaion" with egg controls of 70.2 and 69.l 

pe;r cent respectively. Lime sulphur and the D1i0 m.terials gave very 

unsatisfactory results as ovicides. 

The average of the three tests ia given in the Table 12. "Spra

mulsion" gave the most satisfactory results with 68.7 per oent egg 

control. the six per cent dilution giving the higheet ldll. Lime 

sulphur and the DNO dilutions were inefficient. 

Spraying .American el.me in the delayed dormancy period. a.a indi

cated by Fig .. 7 gave the best egg control. The Asiatic elm may be 

sprayed at any period from dormancy to delayed dormancy for good egg 

control as indicated by Fig. a. 

SUMIIARY 

Excessive scarring of American and Asiatic elms growing along 



Table 9 • Field Testa of Early Winter Dormant Sprays ,Applied December 4. 1938 on the 
Eggs 0£ Stiotooephala inermie in Asiatic Elm TVligs at Stillwater, Oklahoma 

1/unount Condi~ion of E~~s at Count I t t t 

fest t Date t sPer centt in t ,Alive ortParasi-t Dae.d tPer o•nt 
Numb er, Counted 1 Materials Uaed .1Dilution1Q.uarts1 Total1Hatohed rtiled tNurnbel" , Per oenttOontrol 

10 6-3-39 Dendrol winter mi•-
c1ble oile (93% 8 2.12 628 119 16 393 74.~ 67.5 
actual oil.) 

14 do do 4 3.6 635 73 7 .U6 85.05 80.3 
19 do do 2 2.5 363 184 1 162 45.89 24.7 

l 6-1.-39 Spra-mulsion winter 
miaoible oil. (86~ a 2. 0 536 146 11 379 10. 11 60.7 
a<rtual oil.) 

3 do do 6 2.1 526 14.-0 9 S77 71.67 61.6 
6 do do ' 2.?.a 676 163 7 408 '10.49 59.l 
7 6-3•39 do 2 / i.ao 561 221 9 331 59 . 00 43.l 

Baume 
22 5-6-39 Lime JJUlphur 33° · 6 1.50 493 218 2 273 56.38 36.l 

Baume conoentra.te 
33 do do 4: 2.00 340 216 10 116 ss.a2 8.7 

Check 5·3-39 to 5-18•39 3206 2217 51 938 29.26 

~ 



Table 10 - Field Testa of Late Winter Dormant Spray• Applied March 3. 1939 
on the Egg• ot Stiotocephala inermia in Asiatic elm twigs at 

Stillwater. Oklahoma 

:Amount: Condition of· e55s at count : : : :Per 
Teat s r5ate I t Percent I in I :Alive or1Para.sl-, Dead 1oent 
Numbert Counted, Materials Used 1Dilution1 QuartaaTotal,Hatohed ttized tNumber t Per oenttControl 

35 5-8-39 Dendrol winter miaoible 
oil. (93% actual oil) 8 1.15 562 272 9 281 so.oo 30.l 

48 5-10-39 do 6 2.00 933 460 21 462 48.45 28.8 
85 5-12-39 do 4 2.75 426 177 a 240 56.47 39.7 
87 6-11•39 do 2 1.75 462 201 0 251 65.53 S5e7 
89 do Spra-muleion winter 

miscible oil. (85% 8 1.75 436 106 3 327 75.00 64.9 
actual oil) 

90 do do 6 2.00 410 73 2 335 81.71 74.3 
91 do do 4 1.76 463 15S 9 301 65.0l 50.7 
95 do do 2 2.26 4.07 135 4 268 as.a, 62.0 

/ 
Baume 

97 do Lime a ulphur 33° 
Baume concentrate 5 1.25 420 285 3 132 31.43 1.9 

99 do do 4 1.00 433 276 0 157 36.26 1.a 

Check 5-3-39 to 5-18•39 3206 2217 51 938 29.26 

"' al 



Table 11 • Field Testa ot Delayed Dormant Spraye Applied 11aroh 22. 1939 on 
t he Egge of Stiotoce~la inerm.1* in Aeiatio elm twigs at 

s ninter. Oklahana 

tAmouiita Conaition ol e,5• at oouni t t t I 

Test t Date t , Per oent1 in I tAlive or1fuul-1 Dead aPer cent 
N:umb91"a Counted, .. Materials Ua ed 1Dilution,Quarta1Total1Hatohed ,tised dlumb91" 1 Per cent ,control 

105 5•11-39 Dendrol winter 8 l.60 611 95 6 410 80.23 '73.l 
mi1oible oil. (93% 
actual oil). 

107 6-16-19 do 6 1.00 376, 116 0 260 69.15 55.S 
109 do do ' 2.00 382 178 J. 201 5S.14 32.7 
111 do do 2 3.00 453 172 1 280 61.81 45., 
128 5-18-39 Spra...znulaion winter 

miscible oil. (85% 
8 2.00 426 93 8 S26 76.29 68.6 

actual oil). 
lS3 do do 6 1.00 451 93 4 36' 1a.,s 70.2 
135 do do ' 2.25 4:29 105 12 312 72.TS 64.6 
U,S do do 2 2.00 406 81 s 316 77.83 69.l 

aaa 
164 do Lime ,ulphur 33° 

Baumt oonoenti-ate 6 2.00 415 266 8 142 34,.22 7.7 
156 do do ' 1.2e 449 291 9 143 11.86 ,.s 

% DNO 
156 do Dilution ot 2% epra-

mulai.on plu, DlTO OJ. 1.76 424 189 5 2$0 64.26 35.0 
160 do do 0.06 1.50 461 246 4 21S 46.00 2:s.1 
162 do do 0.025 2.00 449 29! 5 151 33.83 6.6 
Cheok S-S-39 to S-18•39 8206 2217 51 9SS 29.26 

I 
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Table 12 - Mean Average of Three Spray Tests of Winter Orioides 
Againat ~· 1nennia Infesting Asiatic Ela Trees at 

Stillwater. Oklahona 

l .. . 
Materials Used I Per oent Oil t Per cent Control 

I in Spray t December i Jlaroh 3 Jlaroh ~2 Mean 

Dendrol 8 67.5 · so.1 73.l 56.9 
do 4 ao.s 39.T 32.7 50.9 
do 2 24.7 35.7 45.4 35.3 

Spra•mulsion 8 60.7 64.9 68.5 64.7 
do 6 61.6 74.3 10.2 68.7 
do 4 59.l 50.7 64.6 68.l 
do 2 43.l s2.o 69.1 54-.7 
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a highwa.y near st11lwater, Oklahoma was found to be caused by the 

egg laying habits of Stictocephala inermia (Fab.), commonly known 

as the green clover tree hopper. 

Eggs are deposited on the dorsal surface of two-three.and four

yea:r old wood of American and Asiatic elm twiga in pouch-like caaee 

holding from five to aix egga each. 

The eggs hatch in April and Day, and the nymphs fall 'to the 

ground where they teed on such plants u wild p•oralea, false dande

lion, and wild lettuce. They remain on these plants until they be

come adult• in June and July. Neither the nymphe nor a.dulta 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 tho female when ahe in

serts here saw-like ovipoeitor through the tender bark in the prooeaa 

of egg laying. Incisions often occur through the oambiua layer and 

into the outer 110od. Theae incisions. may sever conductive tisauea 

and may allow ingreas by a pathogenic organism. 

There waa no s ignif'ioant di:f'terenoe in diameter growth the year 

following injury of non-infested over infested twi.ga in either the 

American or Asiatic apeoiea, but trees with exoessive ovipoeition 

soars showed some dead tips of smaller branches which may haTe been 

due to this 1na eot • 

There was no apparent injury to the leaf development in the buda 

of either the JJnerioan or Asiatio elms by the use of dormant oils to 

control an infestation of s. inennia. 

Three spray applications on ea.ch apeoiea of elm were made during 



31 

the winter and spring of 1938-39 to test ovicidal efficienoy against 

the eggs of Stiotooephala inennia. These spraya were applied Deoem.

ber 4. 1938• llaroh 3 and March 22. 1939. 

The sprays tested were two oommeroial miscible oils known a.a 

"Dendrol" and nspra-mulaion". Lime sulphur oonoentrate was also 

tested as wa.1 a material known as dinitro-o-oyoloheJcy"lphenol with & 

two per cent mitcible oil as the carrier. 

On the American elm 1n the late winter spray. applied Deoanber 4• 

the four per oent "Spra-mulsion" gave the best results. In the lat~ 

winter airay. applied Maroh s. the eight per cent "Den4rol" gave the 

beat control. A six per oent strength of "Dendrol" gave the best re

sults in the delayed dormant spray applied Maroh 22. Averaging all 

three applications, the highest control was obtained from eight per 

cent "Dendrol". 

On the Asiatic elm. four per c&nt "Dendrol" gave the beat re

aults in the early winter dormant spray. six per cent wspra-mulsion" 

the highest kill 1n the late winter spray. and eight per cent "D•n

drol" gave the highest per cent control in the delayed dormant spray. 

Averaging the three sprays. six per cent "Spra-mulsion" gaTe the 

highest per oent control. 

Highest kill was obtained from spraying in the delayed dormant 

spray for the .American elm. For the Asiatic species. little differ

ence was obtained in per cent o-0ntrol between any of the three dates 

of applioa.tion. 

Lime sulphur of either .four or i'ive degree Baume was inef'teotive 

as a.n ovioide. The use of di.nitro-o-oyolohexylphenol in a two per 

cent "Spra-mulsion" spray gave 61. 9 per oent control on .American elm 



when the trees were sprayed Maroh 22. This combination. however. 

was ineffective a.s an ovioide on 1 siati c elms• 

S2 

Parasites were relatively unimportant in tree hopper control 

during the period of' the experiment, but 29 per cent of the eggs were 

killed by other causes. There must also have been a. very great mor

tality in the nympba. from the time of hatching until they looated 

a suitable host plant. 

Clean cultivation to destroy succulent weeds, especially wild 

psoralea may be used where the infestation ia continually hea"'Y each 

year and should be the best preventive• 

RECOMMENDATIONS FOR CONTROL 

The best time to spray American elms to control!• inermia prOTed 

to be late in Jlarch, but even then the mxim.um oontrol obtained was on

ly 63.l per cent with a six per cent "Dendrol" spray. Better kills 

were obtained on Asiatic elm, but the data are quite oonflicting con• 

earning the best time to spray. On the aTerage. eight per cent "Spra

mulsion" and eight par cent "Dendrol• gave the best results on thia 

variety. but even here,.. satisfactory controls were not obtained, the 

maximum. being ao.s per cent secured with "Dendrol" and the highest kill 

being 74.3 per cent,. obtained by "Spra-41lUla1on". 

Owing te the fact that injury to the tree by!• inermis ia more 

apparent than real, and since there is a high mortality of the insect 

during the egg and firs nymphal stages. the value of spraying with 

do.rmant oils to kill the egga la questionable. While the flight habits 

of the adult tree hoppers a.re not known and it may be poaaible that 

they migrate for considerable distanoea, a suggested preventive is weed 

control under the treee and nearby paeturea.- to prevent breeding, with 
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Paoralea tenuiflora -n.r. florib1.mda as the most important weed 

host. 
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