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SYNOPSIS

This Bulletin contains a report on the life history and habits
of the cotton flea hopper in the vicinity of College Station.
This insect is widely distributed over Texas and occurs in
many other states. By means of cage experiments the cotton
flea hopper is shown to be definitely associated with a new type
of injury to cotton. This injury is characterized by the ex-
cessive blasting of small squares, the suppression of fruiting
branches, and the tendency of plants to abnormally tall growth.
All stages of the insect are described, and a list of thirty-eight
food plants is given. The insect hibernates in the egg stage.
The winter host plants vary in different regions of the State;
however, sageweed or goatweed is the most important.” The
results of preliminary experiments on control of this insect
indicate that cultural measures are most important and effec-
tive in preventing infestation. These consist of good farming
practices, including- destruction of cotton stalks and especially
weed eradication. Sulphur applied as a dust is an efficient
insecticide in controlling this pest.





Crosenblum
Text Box
[Page Blank in Bulletin]


CONTENTS

PAGE

Introduction ...... Hod S R s e T e e e e ) 0 e S !
IR TR AN R o A S BRI, S e s Gl T e PR
I OT1 INATTIOR 5 ooy 405 e i Ts 74l B0 it ok shom e S bt a4 S ooty e
N o) T g R R e o s e LS R e T 8
e Y A L s R S e e e A R 8
il ST el R e S S M e R S e i R e s 8

B TRt s b o T P s e e e s 9

Second Instan i s R e e R I 10

Thind Tnstanss st oam b b o aias s e e el 10

Hoprfh  ERgian s aids aliviali Dl sntnsil ool St 10

1N g U T 6 e S e A e B R R S e e 10

710 511 e RO SR o Bt me s T S e e e R 1k
fisorraphical: Disteibatioms. « S onadn Vol i et st 13
B Rl s e R A L e R e oA 13
RRBthods ol S RE Y e i e e L S 15
Bharscter and~Bixtent of INJUnY: i vl bl bt sotolsi o o 18
Waeathstory ST ol sl pln e Le T RS e T s 21
mablerl S liife [Uyele inaSprin gt s il St B S i e 22
Matimesand sBephlity- o S o e R e S i e R3°
(0T T o R A S F s R e TE e ) S e i e S o 23
gt R TR e s R B e e e S R R s e e s e e 25
Table 2, Duration of Oviposition Period..............coo .. 25
Table 3, Total and Daily Rate of Oviposition................. 26

- T S PR SRS L e AR e vy s 7
Tablet4, Duration of Bgg Stages e sl sl i sanys SRR N
Table 5, Nymphal Development in Summer................ 29
‘Table ‘6, Summary of Development. v oo, oot oviod 30
a3 0 i T N R W L R P e S e e e 30
ilablesiinliongth of Life of Adunltacim i o tan i i ok 31
Bt HAbite 2%tk s S0 s R e o SR AR, e 31
- Ha Rk E BV - N PR e SR R I R D 31
R bernation A’ ..o, S0 AN Ok A (0 2, 32
Ik Ol N e e L e 33
085, off Cantrol v i v e ool LR e S Tl e s 33
CLTTPAl M EASHTER ol vn s ReBiecihs suc ooris AT sl T e TR 33
(Usexof nsecticidens o 3 . Ll wa st s i | ST RCs 35
T e SR AT RO G R0 B TS, ot G T 3%
BRSO edoments; . wa s il i e e s .. 38

o) e R AR E O S M o AR e L 39





Crosenblum
Text Box
[Page Blank in Bulletin]


THE COTTON FLEA HOPPER
H. J. REINHARD

In the localities where the cotton flea hopper has demonstrated its
ability to produce injury to the cotton crop, the unanimous opinion
 of growers has been that this insect is more destructive than the boll
weevil. ;

The insect has been present in Texas for many years but attracted
no attention as an economic pest until 1920. At that time there was
a question as to the responsibility of the cotton flea hopper for the
appearance of a new type of damage to cotton which was manifested
by the excessive shedding of minute squares. Investigations in this
connection proved the insect to be definitely associated with the dam-
age to cotton. The facts established by these investigations are given
in this Bulletin. Inasmuch as the cotton flea hopper may become sud-
denly a very destructive pest in practically any section of the cotton-
growing regions, this information is considered timely and pertinent
especially to the cotton growers of Texas.

SCIENTIFIC NAME

The cotton flea hopper was first named and described in 1876 by
Reuter as Alomoscelis seriatus (6), from specimens collected in Texas
by Belfarge. The species was referred to by this name in all sub-
sequent literature until 1916, when Van Duzee placed it in the genus
Psallus (10). This arrangement obtains at the present time and is
accepted by authorities as best expressing the taxonomic position of
the species.

COMMON NAMES

The common name “cotton flea” was first applied to this insect by
growers in the coastal region of Texas, where the injury to cotton first
became noticeable. TUndoubtedly, the size and appearance of the insect
in connection with its habit of jumping influenced the layman in
choosing this name. Among cotton growers in Texas the name has
become definitely associated with this insect. The late Dr. W. D.
Hunter, in an effort to secure a more appropriate common name from
an entomological viewpoint, was the first to suggest and use the term
“cotton hopper”. This was a distinet improvement over the original
name, because it described better the taxonomic position of the species.
To incorporate this desirable feature and at the same time retain the
original term, a combination of the two names, “cotton flea hopper”,
is used in this Bulletin as the common name of the insect.
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DESCRIPTION

Egg

The egg is elongate, considerably enlarged and broadly rounded at
the caudal end ; with a constricted curved neck and truncate cap. The
truncate end is somewhat compressed in plane of curvature, cap con-
cave, the projecting edge or rim ellipsoidal in outline when viewed
dorsally. When first laid the egg is glistening white, but it assumes
a yellowish tinge before hatching. The chorion is lustrous, apparently

Figure 1. Stem of sageweed or goatweed
plant with bark removed showing eggs
of cotton flea ho%per in natural position.
Enlarged about three times.

smooth, but under magnlﬁcatlon it shows distinct irregular hexagonal

reticulations. In size the egg is slightly varlable averaging 0.87 mm.
and 0.20 mm. in greatest dimensions.

Nymphal Stages

There are five nymphal stages in the development of the cotton flea
hopper. The first instar is characterized by the narrow elongated body
and slender legs. It bears less resemblance to the adult insect in out-
line and general appearance than any of the succeeding stages. From
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the second to the last instar the thorax and abdomen increase rapidly
in width, and the body becomes more compact and robust. After the
fourth molt the nymph closely resembles the adult in appearance, ex-
cepting the wings, which are not yet fully developed. :

Figure 2. Nymphs of the cotton flea hopper.

) F(a’) First instar. Sb) Second instar.
(¢) Third instar. (d) Fourth instar. (e) Fiftl

h instar. Greatly enlarged.

First Instar: Length 1 mm. Head width 0.25 mm., as wide as
prothorax and broadly rounded in front. Body color translucent white
after hatching, becoming pale green soon after feeding begins. Eyes
prominent, bright scarlet in color. Rostrum apparently three-jointed,
rather thick and long, extending slightly beyond the hind coxae, tip
faintly dusky. Antennae densely pubescent, four-jointed, first joint
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slightly thickened, length 0.6 mm., second 0.12 mm., third 0.12 mm.,
fourth 0.20 mm.; total length 0.50 mm. Thoracic and abdominal
segments distinct. Abdomen narrow, elongate, tapering to caudal ex-
tremity and strongly constricted before tip. Body sparsely clothed
with short hairs and each abdominal segment bearing a more or less
regular median transverse row of short bristles. Legs long, basal
joints somewhat enlarged, tibia and tarsus slender, claws minute, dusky.

Second Instar: Length 1.15 mm. Head width 0.43 mm., wider
than prothorax, and obtusely rounded in front. Body color pale green,
punctate above with minute dark spots. Eyes bright scarlet. Ros-
trum as in preceding stage, greenish-white, darker at tip. Antennae
pale greenish, densely pubescent, four-jointed, first joint 0.07 mm. in
length, second 0.17 mm., third 0.17 mm., fourth 0.25 mm.; total length
0.66 mm. As compared with first instar, body more compact and
robust. Constrictions between thoracic segments pronounced, posterior
border of mesothorax slightly emarginate at middle showing first in-
dication of hemelytra. Abdominal segments with a median transverse
~ row of short black bristles, widest at second segment. Legs pale green,
femur and tibia bearing short black bristles, tarsus faintly darkened
at tip, claws small.

Third Instar: Length 1.55 mm. Head width 0.46 mm., as wide
as prothorax. Color as in preceding stage, but more densely mottled
with black spots on dorsum. Eyes bright scarlet. Rostrum greenish,
tip brown, basal joint thick. Antennae greenish-white, darker at joints,
entirely densely pubescent, basal joint somewhat swollen, 0.10 mm. in
length, second 0.26 mm., third 0.20 mm., fourth 0.26 mm.; total length
0.8%2 mm. Posterior border of meso and metathorax widely emarginate at
middle. Wing pads distinctly defined. Abdominal segments with a
transverse row of bristles as in preceding stage, fourth segment widest,
thence tapering sharply to each extremity. Legs pale green, femur,
tibia and tarsus bearing short black bristles, claws small, dusky.

Fourth Instar: Length 1.85 mm. Head width 0.57 mm., wider
than prothorax. Color green, mottled above. with black spots on head,
thorax, wing pads and abdomen. Eyes scarlet. Rostrum pale greenish,
reaching to the hind coxae. Antennae densely pubescent, basal seg-
ments with one to three black spots on inner and dorsal side, first seg-
ment 0.11 mm. in length, second 0.39 mm., third 0.84 mm., fourth 0.30
mm. ; total length 1.14 mm. Wing pads extending to or slightly beyond
base of second abdominal segment. Entire dorsum densely covered with
bristles, the larger ones surrounded at base by black spots. Legs pale
green, the larger bristles on exterior and anterior margins of femur
and tibia surrounded by black spots at base, tarsus densely covered with
short hairs, claws darker, small.

Fifth Instar: Length 2.20 mm. Head width 0.69 mm., hardly
as wide as prothorax. Color green, head, thorax, wing pads and .ab-
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domen densely mottled with black spots, and covered with suberect
black bristles. Eyes scarlet. Rostrum greenish, extending to hind
coxae, tip brown. Antennae green, paler towards apical segment, mark-
ings as in preceding stage, first segment 0.15 mm. in length, second
0.58 mm., third 0.46 mm., fourth 0.35 mm.; total length 1.54 mm.
Wing pads extending to about middle of abdomen, metathoracic pair
slightly longer. Legs greenish-white, with rows of spines and black
spots on femur and tibia, tarsus thickly covered with short stiff hairs,

claws dusky.
Adult

Body outline obovate or more or less elongate, subshining, pale green,
color pattern variable, usually densely punctate on entire dorsum with
small fuscous spots; moderately clothed with black appressed bristly
hairs, intermixed with whitish pilosity on margins and shorter tufts
of silvery semiscale-like hairs on the clavus, corium and embolar margin.

Figure 3. Adult cotton flea hopper. Greatly enlarged.

Male: ILenth 3.4 mm.; width 1.01 mm.

Head: Width 0.65 mm., vertex 0.33 mm.; pale to yellowish or
darker green, sparsely covered with rather long bristly hairs arising
from dark spots on vertex and to lesser degree on frons. Eyes reddish
to brown. Rostrum reaching to or a little beyond hind coxae, pale
green, apical joint brownish, apex almost black. Antennae four-jointed,
densely covered with a pale sericeous pubescence; first segment length
0.17 mm., with two black spots near apex on dorsal and inner side;
second 0.76 mm., usually with three black irregular spots on dorsal
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surface, first spot located near base and distal one at or slightly beyond
middle, three or more similar spots on ventral or inner side; third
0.54 mm., pale greenish, with narrow dark rings on base; fourth 0.38
mm., entirely pale or faintly darkened on narrow base; total length
1.85 mm.

Thorax: Pleura pale green, subshining, bearing a few scattered
white hairs. Pronotum, mesoscutum and scutellum concolorous, pale
to darker green, clothed with black bristly hairs intermixed with shorter
white flattened or scale-like hairs, margins of pronotum rather densely
pilose. Hemelytra green, paler or almost colorless along the embolar
margins, densely punctate with small fuscous spots and clothed with
black appressed bristly hairs, with a conspicuous strigose tuft of longer
bristles located on margin anterior to the large areole, membrane with
a dark triangular spot shortly posterior to cuneus extending linearly
inward from outer margin, tips faintly cloudy, veins white.

Figure 4. Distribution of the cotton flea hopper in the United States is indicated
y the shaded areas.

- Abdomen: Venter green, usually without any markings, but some-
times sparsely punctate with small dark spots on caudal half, sparsely
covered with pale hairs.

Legs: Whitish or pale green, hind femur considerably thickened,
with a row of fuscous spots on dorsal margin extending almost to base,
outer side with spots irregularly arranged and usually becoming in-
distinct on basal half, front and middle pair with similar spots on
outer side but generally less distinet; tibia bearing three rows of prom-
inent black spines surrounded at base with black spots usually becom-
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ing obsolete on apical portion of segment, tarsus pale, darker on apical
portion, claws small, dusky. :

Female: Length 3.5 mm., width 1.07 mm. Very similar to male
in structure and coloration.

GEOGRAPHICAL DISTRIBUTION

According to the available references, the cotton flea hopper is widely
distributed within the United States. The geographical distribution
is shown by the shaded areas in Figure 4, which include twenty states,
besides the District of Columbia. It is interesting to note that this
distribution covers a wide range in latitude and extends from the At-
lantic to the Pacific borders of this country. Undoubtedly the species
is also present in many other states from which it is not here recorded.

FOOD PLANTS

The following list includes the food plants of the cotton flea hopper
recorded from different sections of the State during the course of
these studies:

Scientific name. : Common name.
Hanarantiud Dlttotdes & b0y il s A s DUt L R Pigweed
L AT S Tt e S S e R e D T SR S Pigweed
Ambrosia pilostathya. . .- oo ool i Ragweed, hogweed
Amphidchyris? dracunculotdes Sa o iceos v el L e Broomweed
T T R R R e S i e P el CRE S Milkweed
Atriplex sp.. ... ... e Ve L Pe e S A Orach
B O BT DS COB G . 7y e Ity s oot it st 1M i et ge Lo 8
Cerastulm vulgabumy, & o0 S0 e i S e Mouse-ear chickweed
@haerophiyllum Flopidanim. o0, v Lvit iea it Wild caraway
Chenopodwum album. ............ccco.... Lamb’s Quarters, pigweed
RIS oA T e e Watermelon
GROTON COPUUIIUBNGN e o S S s Sageweed or goatweed
Crolon BRgGeMBummity . - - oo i Sageweed or goatweed
Croton Lindheimemamis .. 2. . 05 ot oas Sageweed or goatweed
COroton monanthoqymus ... ..o ooeeiiee s Sageweed or goatweed
(RAi iAoy o S B e S e e e e A Sageweed or goatweed
Geranium Carolimionun ... ... .cooveeiievninevanon Wild geranium
G T e R S R LR bl e s s Cotton
Helenium tenuifolium ....................... Sneezeweed, bitterweed
Hellanthus Marvmthiani. 5 50 S 5 0ot o s de o stolis Wild sunflower
DS CrS OB G UL BTG T 5 ot R e S e 0 T st by tana E ieaged st e Okra
L BOIROCIERLIIAATS o o ¢ oo § e oehet s o' aelo) o nreta) grotiorn sha 3 Morning-glory, tie-vine
L S e R G S ST S B e L Caltrop
AT QI DCDROBG, i s o 6k i a b b e s o o bk e el gl Henbit
BTV VATOEAOUAT o o a5 e oonai e asals araesdhoid T o) Aot Peppergrass

L At s e R R i R S R e s Fog-fruit
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Scientific name. Common name.
Malvapiscus Drammondis 2o o & ixuhi Va s aios i s st a8 May apple
Bl o LS ORI S e SR L s L S s Sweet clover
M oreinde s st o el s, R UL g S G Horsemint
Monandaspunaioly o0 SE R i L U R e Horsemint
Banaoum. T esanumi e s sset s vaih LA D55 Texas millet, Colorado-grass
P ulanas 0LoTacRa . S Pt i el T R e i Purslane, pursley
Bolanum elaengrtf o £ .5 5 S ils 0 s S SR Horsenettle
ORI ROSIRRIUNY el e e TR s Yellow horsenettle
Staohysreorda i@y L P T S e S Hedgenettle
Prianthema spordul@easimon™; 7o i 33, SUod sl SR e, :
Bt AL eRr s TmiaT G e s ot gt e o Ground-bur, bur-nut
VS sRansiS IO NIRRT (L 1 MR Vo (R G LT R S0 B R Cowpea

Apparently the cotton flea hopper is able to subsist on a large variety
of succulent weeds, and further studies in this connection undoubtedly
will result in the addition of many other food plants to the present list.
In the laboratory newly hatched nymphs were placed on thirty-two
widely related plants represented in the above list, and reared to ma-
turity. When the insects were migrating from Croton during October
1925, adults were repeatedly taken on bitterweed, broomweed, cowpea,
milkweed, okra, and watermelon, apparently feeding either on the foliage
or on the blooms. No nymphs were observed or reared on these plants.

The principal food plants are the various species of Croton, which are
commonly known to the farmer as goatweed or sageweed. These are
distributed generally throughout the State; however, some species are
more or less restricted to certain kinds of soil. Sixteen species of
Croton from Texas are listed by Small*; of this number capitatus, Engel-
mannii, Lindheimerianus, monanthogynus and Texensis have been col-
lected from a number of eastern and southern counties of this State,
and all were found to be infested with eggs, nymphs, and adults. It
may be safely assumed that other members of this group of plants found
in Texas are also attacked by the insect. In the vicinity of College
Station, capitatus is the most abundant species of Croton, and one of
the commonest weeds. Every year under favorable conditions it pro-
duces a copious crop of seed, and the possibility of its eradication over
any considerable area is very remote. .

In the black-land sections of Texas, horsemint is one of the important
food plants in addition to the Crotons which occur throughout this
region. It is interesting to note that, while horsemint is not restricted
to the black-lands in distribution, it is largely within these limits that
it appears to be especially attractive to the insect. During June 1925,
two species of horsemint, Monarda fistulosa in Navarro County, and
Monarda punctata in Nueces County, were found heavily infested with
adult cotton flea hoppers and nymphs in all stages of development.

iFlora of the Southeastern United States, pp. 694-8.
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In Hunt County, wild sunflower Helianthus Mazimilianyi was found
infested with cotton flea hopper eggs on November 18, 1925. The rela-
tive importance of wild sunflower as a food plant of this insect is not
known at present. It may prove to be of some importance, however,
in connection with the hibernation of the insect in localities where the
plant is abundant. Besides Croton and cotton, sunflower is the only
plant in the black-land section in which overwintering eggs of the
cotton flea hopper have been found.

From the name cotton flea hopper it might be inferred that the
insect feeds generally on cotton. The contrary, however, appears to
be true. In the laboratory, cotton is readily accepted. as food, but
when growing in the field it is attacked sporadically in more or less
localized areas, the extent of infestation apparently depending upon
a combination of factors which are at present only partially understood.
At no time during-the period of these observations has cotton ever
been found as severely attacked as sageweed, horsemint, or Atriplex.
Normally cotton appears to be most attractive as a food plant in the
spring and fall. _

Atriplez is another important food plant of the cotton flea hopper.
However, in Texas this weed is restricted largely to the Rio Grande
Valley in distribution. In Hidalgo County, A¢riplex occurs abundantly
in cultivated fields as well as on waste lands. During the late sum-
mer and fall of 1925, the plant in this locality was found to be heavily
infested with cotton flea hopper eggs and all stages of developing in-
gects. Aside from its importance as a food plant, Aériplex also serves
as a winter host in which the insect eggs deposited late in the fall are
carried through to the next spring.

METHODS OF STUDY

All laboratory records on the cotton flea hopper were made under
conditions approximating, as nearly as possible, those obtaining in the
field. Croton capitatus was used as the host plant for the purpose of
observing the details of the life history.

Individual pairs of hoppers were confined in” glass cylinder cages
(150 mm.x 25 mm.), the ends of which were covered with cheese-cloth
to permit a free circulation of air. An uninfested seedling plant, with
roots inserted into a small vial of water to keep it fresh, was supplied
the ingsects for food and oviposition.” Additional food was supplied
by means of a small piece of sponge moistened in a sugar solution. At
the end of each 24-hour period throughout the life of the insects,
a fresh plant and a new supply of food were placed in the cage.
As the plants were removed from the cages they were isolated and kept
.in good condition, during the incubation period of the eggs, by sub-
merging the roots in water which was renewed once or twice daily.
One or two days before the nymphs were expected to hatch, the plants
were placed singly in 4-ounce tin salve boxes which contained a
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small piece of moistened blotting paper. These boxes were examined
twice each day for hatched nymphs, which were removed and isolated
on Croton heads in glass shell vials (100 mm. x 25 mm.), for complete
records on each individual. During hot weather the Croton heads
dried up quickly and it was necessary to replace them each morning
and afternoon, in order to secure a uniform development of the nymphs.

Figure 5. Type of cage used for making observations on the injury caused by the
cotton flea hopper.

For the purpose of studying the relation of the insect to injury to
cotton, field plants were grown under cages designed to protect them
from attack, and at the same time approximate conditions which would
permit normal growth. The type of cage used measures 4x4x4 feet.
The ‘entire cage was covered with fine mesh sheeting, except a 12-inch
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Figufe 6. A series of blasted squares from cotton plants attacked by the cotton flea
e hopper. Natural size.
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strip around the top of the sides, which was covered with Cel-O-Glass
to permit the entrance of sufficient light for normal growth. Three
plants were grown in each cage. The insects used in the experiments
were collected from sageweed, horsemint, and cotton. Each experi-
ment consisted of two cages containing cotton plants of the same age
and variety, and grown under identical conditions. At the beginning
of each experiment the plant heights, number of squares, blooms and
bolls were carefully noted. Adult cotton flea hoppers or nymphs col-
lected from one species of host plant were then introduced into one
cage, and excluded from the other, which served as a check in deter-
mining the extent of injury. Subsequent introductions of insects were
made as often as was necessary to maintain an infestation. The period
over which the insects were introduced was varied, and the number
of -insects released in the experimental cages ranged from few nymphs
to nearly 7000 adult cotton flea hoppers. Records of plant heights,
number of blasted squares, shed squares, blooms, set fruits and other
.details were made at regular intervals during the course of each ex-
periment. . :

To obtain data on hibernation, infested host plants were pulled up
in the fall at 14-day intervals beginning September 1. These plants
were allowed to remain in the field under natural copditions until
the following February or March.  They were then placed in small
emergence cages which were covered with one thickness of black
percale. Several glass vials were inserted near the top of each cage to
attract the nymphs as they hatched from the eggs in the plants. As
the nymphs collected in the vials they could be counted readily and
removed as often as necessary without disturbing the plants.

CHARACTER AND EXTENT OF INJURY

The first complaints of noticeable injury to cotton by the cotton flea
hopper were received in 1919 from growers in the coastal regions of
Texas. For a number of years the trouble remained localized, then
increased and spread rapidly to other sections of the State. In 1923
it became a serious problem to the growers. At that time the evidence
that this insect caused the trouble was entirely circumstantial and
studies were begun to determine whether a positive relation between
insect and injury existed. A series of cages were placed over seedling
cotton plants in the field, and the performance of these plants when
later subjected to cotton flea hopper attack showed that the insect is
definitely associated with the damage.

The percentage of small squares shed by the plants subjected to
cotton flea hopper attack in the experimental cages ranged from 15
to 53 per cent. The maximum injury occurred in the cage in which
1725 nymphs were introduced over a period of 69 days. The mini-
mum injury occurred in the cage in which 135 nymphs were in-
troduced over a period of 18 days. The plants in the two check
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cages of these experiments shed 3 and 4 per cent of the small squares.
In one experiment 6291 adults were liberated in the cage over a period.
of 51 days, with the result that only 31 per cent of the small
squares were shed. However, the temperatures were abnormally high
during this period and the rate of mortality of the insects in the cage

Figure 7. (a) Uninjured cotton plant withTnormal fruiting branches. (b) Cotton
plants injured by the cotton flea hopper, showing the suppression of

|fruiting branches and whip-like growth.

was so great that it was impossible to maintain an infestation. With-
out exception there was a much larger percentage of small squares shed
by plants in the cages in which insects were liberated, as compared with
the percentage shed by the plants in cages from which the insects were
excluded. While some shedding of small squares occurred in the check
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cages there seems to be no doubt that the cotton flea hopper is the
main factor in causing the injury.

The injury to cotton resulting from cotton flea hopper attack is
manifested by characteristic symptoms, the most striking of which are:
the excessive shedding of very small squares, the suppression of fruit-
ing branches, and the tendency to abnormally tall growth. Infested
fields often exhibit a variety of interesting features in connection with
the damage wrought by the cotton flea hopper. For instance; plants

TEXAS AGRICULTURAL EXPERIMENT STATION

AGRICULTURAL AND MECHANICAL COLLEGE
©F TEXAS

Figure 8. Counties from which injury by the cotton flea hopper has been reported.

may shed small squares excessively in some fields in the early part of
the season where there appear to be few insects; and conversely, very
few blasted squares may be found in other fields in the latter part of
the season where the infestation is fairly abundant. On the other
hand, apparently normal well fruited stalks are often found surrounded
by barren plants showing every characteristic of the injury, while in
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another locality exactly the cpposite may be true. Excessive shedding
of squares may continue in the absence of insects after the initial
attack; however, under certain conditions plants occasionally recover
from the effects and retain squares to maturity. The result is that
such plants may have a normal number of bolls and squares on the
lower and uppermost branches and the intermediate ones without a
single fruit. Apparently every variety of upland cotton is subject to
attack, regardless of the type of soil on which it is growing. However,
the damage appears to be more severe in the black-land section of the
State. Reports of injury have been noted in fifty counties of Texas,
which are shown in Figure 8.

As has already been pointed out, the principal food plants of the
cotton flea hopper consist of a number of our most common roadside
weeds, and usually it persists on these throughout the season. Migra-
tion to cotton is not a definite procedure; quite the contrary appears
true, but unfortunately even when the insect attacks cotton in appar-
ently small numbers, the result may be a heavy loss in yield. Invariably
the injury appears to be greatly out of proportion to the number of
insects present. These observations, in addition to the fact that plants
often continue to shed minute squares excessively long after the insects
have ceased to attack them, have resulted in the theory that the insect
transmits a toxic virus. This theory is further supported by the fact
that the cotton flea hopper has been present in Texas for many years,
and only recently has it attracted attention as an economic pest. Fur-
thermore, it seems incredible that the condition of excessive shedding
of squares could be the result of only mechanical injury inflicted by
the insect punctures. Additional research is necessary before the com-
plete solution of this problem can be determined.

LIFE HISTORY

Prior to the year 1920 no mention of the cotton flea hopper was
made in economic literature. Since that time it has become a pest
of paramount importance to the cotton growers of Texas. Life history
and biological studies of the insect were made at this Station to obtain
information on which to base satisfactory remedial or control measures.

These studies were begun in the summer of 1924 and continued
throughout the following year. The mosf important features of the
results obtained up to the present time following
pages. Much additional information is j , how the
injury to cotton is effected and why this ix en present
in the State for many years (6) without & iable dam-
age, has now become an important enem &

LI
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Table 1. Life Cycle in Spring

Date of | Date of | Date of | Date of | Date of Average
No. Date Date First Second | Third | Fourth Fifth Total Mean
Laid | Hatched| Molt Molt Molt Molt Molt Days Temp.
22 May 6| May 14| May 16| May 18| May 20| May 22| May 27 21 78.7
31 .| May 10| May 18| May 21| May 24| May 28| May 31| June 3 24 80.0
34 May 13| May 20| May 23| May 27| May 31| June 6| June 9 27 81.3
36 May 13| May 20| May 23| May 26 May 29| June 3| June 7 25 81.0
39 May 13| May 21| May 23| May 27 May 31| June 4| June 7 25 81.0
41 May 13| May 21| May 25/ May 29| June 1| June 4| June 7 25 81.0
45 May 13| May 22| May 27| May 30| June 2| June 6| June 9 27 81.3
47 May 13| May 22| May 26| May 29| June 1| June 4| June § 26 81.3
48 May 13| May 22| May 26| May 36| June 2| June 5| June 9 27 81.3
52 May 13| May 23| May 29| May 31| June 4| June 8| June 11 29 81.3
53 ay May 23 June 3| June 7| June 10 27 81.2
54 May May 23 ¥ June 3| June 6| June 9 26 81.2
55 May 14| May 23 7 June 4 June 8| June 11 28 81.2
56 May May 23 June 3| June 6| June 9 26 81.2
57 May May 23 June 3| June 7| June 10 27 81.2
58 May May 23 9| June 2| June 5| June 8 25 81.2
84 May May 24 June 3| June 7| June 9 26 81.2
66 May. May 24 June 3| June 7| June 10 25 81.2
67 May May 24 1| June 3| June 7| June 10 25 81.2
70 May May 27 3| June 6| June 9| June 12 25 81.5
71 May May 27 3| June 5| June 8| June 11 24 81.5
74 May May 27 4| June 7| June 10| June 13 26 81.7
75 May May 27 2| June 6| June 9| June 12 25 81.5
77 May May 27 5| June 8| June 10| June 13 26 81.7
78 May May 27 June 5| June *8| June 11 24 81.5
80 May May 27 2| June 5[ June ‘8| June 11 24 81.5
82 May May 27 3| June 5| June 9| June 12| 25 81.5
83 May May 29 3| June 7| June 9| June 12 25 1.5
87 May May 28 1 4| June 8| June 11| June 14 27, 2.0
93 May 1 4| June 7{ June 9{ June 12 25 1.9
94 May $ 4| June 7| June 9| June 12| *~ 25 1.5
111 May 22 3 6| June 9| June 11| June 14 23 82.6
112 May 22 4 7| June 9| June 12| June 14 23 82.6
113 May 22 3 7| June 9| June 11| June 13 22 82.4
114 May 22 3 6| June 9| June 12| June 14 23 82.6
116 May 22 3 6| June 9| June 12| June 14 23 2.6
117 May 23 6 9| June 12| June 14| June 16| 24 .0
124 May 23 6 9| June 11| June 13| June 15 23 2.8
26 May 23 6 8| June 10| June 12| June 14 22 2.6
129 May 23 6 9| June 10| June 12| June 15 23 2.8
130 May 23 6 8| June 11| June 13| June 15 23 2.8
134 May 25 6 9| June 11| June 13| June 15 21 2.6
135 May 26 6 8| June 11| June 13| June 15 20 3.4
137 May 29 11 13| June 14| June 16| June 19 21 5.0
138 May 31 11 12| June 14| June 15[ June 17 17 5.3
140 May 31 12 13| June 14| June 16| June 18 18 85.4
141 June 12 13| June 14| June 16| June 18 17 85.6
142 June 11 12 June 14| June 16| June 18 17 85.6
143 June 13 13| June 14| June 15| June 17 16 85.6
1 June 12 14| June 15( June 16| June 18 17 85.6
145 May 12 14| June 15| June 17| June 18 19 85.1
147 May 12 14| June 15[ June 17| June 19 19 85.6
1 June 12 14| June 15| June 16| June 18 16 . 85.6
154 June 14| June 15| June 17| June 19 17 85.8
158 June 14| June 16| June 17 June 19| 17 85.8
162 June 14| June 15| June 16| June 18 16 85.6
167 June 15} June 16| June 18] June 20 17 85.9
169 June 15| June 16| June 17| June 19 16 85.8
170 June 15| June 16| June 17| June 19 16 85.8
172 15| June 16| June 18| June 20 17 85.9

The detalle ‘ to udies were started in May 1925 soon

after the nymphs began to hatch from the overwintering eggs and
continued until July 1. The studies were resumed during September
for the purpose of obtaining comparative data. Records on the life
eycle of 60 individuals are given in Table 1. The time required for
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complete development varied from 16 to 29 days depending upon
prevailing temperatures. From May 6 to June 3, the average period
of development was 22.5 days.

Mating and Fertility

Mating does not commonly occur during the daytime, either in the
laboratory or in the field. - Observations in this connection are limited
to one confined pair of insects, which were noted in the act of mating
on the morning of May 15, at 11:15 o’clock. The insects were still
united at 12 o’clock, but had separated when next observed, one hour
later. The maximum time consumed in the process was not deter-
mined. During the act of copulation the insects are united at the
tips of their abdomens facing in opposite directions.

After transformation to adult, a certain feeding period is necessary
to attain sexual maturity. When newly emerged insects of the opposite
sex are placed together they remain indifferent to each other and begin
feeding immediately, and not until an average period of 3 days has
elapsed does oviposition begin, indicating that fertilization has been
effected. One successful mating is sufficient to fertilize the average
number of eggs laid by the female.

Oviposition

During the spring and summer a feeding period of 3 or 4 days after
emergence is required before oviposition begins. It generally occurs
between 6 o’clock in the evening and 7 o’clock in the morning.

The eggs are laid singly within the plant tissue by means of a strong
sword-like ovipositor. There is very little uniformity of position in
which the eggs are placed; most frequently, however, they are situated
obliquely to the main axis of the stem with the cap end directed up-
ward and flush with, or slightly protruding from the surface of the
stem. Occasionally, the depth to which they are inserted does not
exceed the cambium layer, but more often the woody portion of the
stem is penetrated by the ovipositor so that the base of the egg is
firmly imbedded and when the bark is removed it remains attached to
the stem. The female oviposits promiscuously in practically all por-
tions of the plant. As the host plant matures, egg deposition is con-
fined more or less to the growing tips and stems immediately beneath
them.

Oviposition begins in April or May soon after the nymphs hatching
from the overwintering eggs have reached maturity, and continues
throughout the warm season. At College Station the seasonal peak
of oviposition in 1925 was reached in August and September. Sage-
weed or goatweed is preferred for oviposition, although horsemint and
Atriplex apparently are also very attractive host plants.
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W2

Figure 9. (a) Ovipositor of cotton flea hopper. (b) Section of cotton stalk showing

position in which the egg is placed beneath the bark. (c) Sketch of insect in lateral aspect
showing relative proportion of ovipositor when extended. Greatly enlarged.



THE COTTON FLEA HOPPER 25

Host Plants

All species of plants in which cotton flea hopper eggs have been
found are listed below.

Scientific name. Common name.
Gl R P N W R S S R MR e e e O THCH
Croton capitatus .................co........Sageweed or goatweed
Croton Engelmannit ............. veveee.....Sageweed or goatweed
Croton Lindheimerianus ................. ...Sagewood or goatweed
Oroton monanthogynus .......c..ooeveeeinsn Sagewood or goatweed
Wrolon Tezensis .. . ol i et cev......0ageweed or goatweed
Gossypium herbaceum .......... RS e g e e R Lo
Helianthus Mazimilianit . ............. S AR R Wild sunflower
Malvaviscus Drummondis .........cocovivviiinnnnnn. ..May apple
Monarda fistulosa .............. S S e T Horsemint
Monarda punctata ............... WE P A s R . Horseminf
Solanum elaeagnifolium ...... O S i s e Horsenettle

Table 2. Duration of Oviposition Period

Pair First Egg Laid | Last Egg Laid Owl:ieliggﬁgfl, Temperature,

ays ean
B S June. 2 Same, i 10 84.2
B s e B Sl June 2 June 10 9 84.6
i AR TR B e ST June 13 June 23 11 87.3
R RGO, SR R, June 12 June 29 18 87.0
ST o S AR _ June 14 June 25 12 87.5
B e N June 12 June 17 6 89.6
BRI | b v a0 A e 12 June 12 June 27 16 86.8
Wi § N o v s i Dl June 17 June 28 12 86.3
| PR TR P PR SR June 22 June 28 7 86.4
BRI AL o & June 22 June 29 8 86.3

*Incomplete record

In the laboratory the period of oviposition during June 1925 varied
from 7 to 18 days. The average duration of the period was approxi-
mately 11.5 days. Undoubtedly, oviposition continues over a much
longer period under natural conditions since the insects may live for
29 days in close confinement during the warm season. The data given
in Table 2 were taken over a period of high temperatures and maximum
insect activity, and do not approximate spring or fall conditions when
the period of oviposition is increased by lower temperatures.
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Table 3. Total and Daily Rate of Oviposition

Average Pair Number

Date, Mean

1925. Temp. 1 2 3 4 5 6 7 8 9 10
May 28 1.5 EM 1 BEM L. .00

ay 29 78.5 0 |+ R Vi B
May 30 79.5 0 O R RN
May 31 81.5 0 OO B B oty 1

une 1 86.5 0 B AW i s
June 2 87.0 4 AL Lt ) e
June 3 87.0 8 1 Ak SR
June 4 82.5 4 SRS arss
June 5 84.0 2 2
June 6 83.5 1 3
June 7 85.5 2 1
June 8 87.5 1 3 M
June 9 83.5 3 3 0 M e
June 10 81.0 1 3 0 0 EM M 1.7 g T
June 11 80.5 1 0 0 0 0 0 0 EM
June 12 88.0 0 0 0 4 0 3 1 0
June 13 89.0- o ln 0 3 3 0 5 3 0
June 14 [ MR R 0 2 3 2 0 5 0
June 15 B80T, s 0 0 1 2 0 6 0
June 16 BR BN 0 3 1 1 1 0 0
June 17 85.5 0 1 1 0 4 2 1
June 18 by S8 i PR TR P e 1 1 2 0 1 0 EM | EM
June 19 89.5 0 0 0 0 1 0 0 0
June 20 89.0 2 3 0 . 0 0 0 0
June 21 86.0 0 ' 1 e 0 0 0 0
June 22 87.0 2 3 0 1 2 7 (1]
June 23 86.5 1 2 0 2 2 2 8
June 24 88.5 0. 6 0 4 2 0 2
June 25 86.5 0 3 3 5 0 5 'l
June 26 83.0 0 0 0 2 0 1 0
June 27 86.5 0 0 1 0 1 1
June 28 87.0 0 0 0 1 3 0
June 29 86.0 2 0 0 0 0 5
June 30 87.5 0 0 0 0 0 0
July 1 85.0 0547 o [ 6 B 0 *
July 2 86.0 0 i (R Q. Mo
July 3 85.5 0 i 0
July 4 87.5 0 0
July 5 83.5 0
July 6 87.5 0
July 7 89.0 0

EM—Emerged, mated
*Incomplete record

The total and rate of oviposition in the laboratory for ten pairs of
cotton flea hoppers are given in Table 3. These data are based upon
the number of nymphs hatching from the eggs deposited in plants sup-
plied each pair of adults for oviposition. Infertile eggs or those fail-
ing to hatch for other reasons are not included, and it should be noted,
therefore, that these figures do not represent maximum numbers. After
oviposition is begun it usually continues quite regularly until each
female’s average quota of eggs has been laid. In confinement, from
1 to 3 eggs for a R4-hour period appears to be the average rate of
deposition, although as many as 8 were obtained in one day. The
maximum number of eggs recorded for a single female is 34.

Dissections of a number of females collected in the field were made
to obtain additional information concerning the egg-laying capacity of
the insect. It was found that the uterus contained an average of 8
eggs per individual ranging from a minimum of 2 to a maximum of
23 eggs. .
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Hatching

Some time before hatching, the egg changes from the original glisten-
ing white color to a dull yellowish-white. The outline and position of
the nymph within the egg are plainly visible under a microscope. The
scarlet eyes are conspicuous near the cap or truncate end of the egg
through which the nymph emerges as soon as embryonic development
is completed. The egg shell is broken by the nymph, which gradually
pushes out head first through the opening. During the process of
hatching the body is moved backward and forward, which releases the
appendages from their original closely appressed position on the ventral
surface of the body. The freed appendages are then wused by . the
nymph to complete emergence from the egg. The entire process of
hatching requires from 45 minutes to 1 hour.

Table 4.' Duration of Egg Stage

Laid Hatched
Lot Egg . Lot Temperature
Number Days Incubation ean
Date Lot Date Nymphs Period, Days %
Number Emerged
1 1 103 8.58 80.8
2 13 115 8.84 81.0
3 5 38 7.60 80.6
4 2 16 8.00 80.8
5 2 18 9.00 78.8
6 33 318 9.63 78.3
7 15 147 9.80 78.3
8 4 - 36 9.00 78.2
9 3 27 9.00 78.5
10 25 226 9.04 79.7
11 20 195 9.75 80.0
12 2 19 9.50 80.0
13 15 130 8.66 79.7
14 6 8.12 81.4
15 18 158 8.77 82.4
16 12 93 7.75 82.7
17 23 190 8.21 83.9
18 11 89 8.09 84.3
19 44 8.80 4
20 & 41 8.20 84.8
21 30 248 8.20 84.5
22 30 263 8.76 85.0
23 25 211 8.44 84.8
24 60 8.57 85.0
25 10 84 8.40 85.0
26 9 70 L0 85.9
27 11 81 7.36 86.0
28 4 30 7.50 86.2
29 5 36 7.20 86.1
30 2 12 6.00 86.0
31 5 36 7:20 88.0
32 15 97 6.46 88.0 .
33 13 86 6.61 87.5
34 20 134 6.70 87.4
35 9 62 6.88 87.5
36 18 124 6.88 87.2
37 13 93 408 87.0°
38 June 26-27. 54 Tk 86.9
39 June 27-28. 10 72 7.20 86.6
40 June 27-30. ... 19 138 7.26 86.4
41 June 28-July 1 38 273 7.18 86.3
42 June 29-July 2 24 176 7.33 86.2
43 June 30-July 3 32 232 7.25 86.1
44 July 1-5.... 39 290 7.43 85.8
45 July 2~ 5.. 14 100 7.14 86.1
46 July 4- 6.. i 53 %57 86.2
47 July 5- 6.. 1 82 7.45 86.1
48 July 6~ 8.... 9 68 7.58 86.7
49 Joly- Booii . 1 8 8.00 - 86.8
50 Joky “10, - 1 8 8.00 86.5
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Records on the incubation period of 50 egg-lots, including a total
of 671 eggs, are given in Table 4. Temperature has a positive effect
on the duration of the egg stage. The time required for incubation
varied according to the prevailing temperatures, from a minimum of 6
‘days to a maximum of 12 days. The mean temperature for May
and June, 1925 was 77 and 86 degrees F., respectively. The effect
of this difference in temperature is quite apparent, for it will be noted
that the incubation periods as recorded in Table 4 were consistently
longer in May. The weighted average duration of the egg stage, for
the entire period during which these data were recorded, was approxi-
mately 8 days.

Eggs which are laid in the late fall do not hatch until March or
April of the following spring. The average mean monthly temper-
atures from November to March inclusive, at College Station, range
from 50 to 60 degrees F. Since the eggs remain dormant during most
of this period it may be assumed that an average mean temperature of
50 to 60 degrees F. is effective.
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There is a considerable variation in the duration of the instars as
will be noted by reference to Table 5. These variations are due to
difference in food supply and temperature. When nymphs were fed
on Croton foliage, 13 to 20 days were required for complete develop-
ment, while on Croton heads, the period of development was much
shorter, ranging from 9 to 14 days. During the warm season the aver-
age period of nymphal development is approximately 11 days. The
effect of temperature on the rate of development is shown in Table 1.
There is no discernible difference in the time required for development,
between male and female individuals.

Table 6. Summary of Development

Maximum Minimum Average
Period Period Perio

Days Days Days

o e A A . o e T g e B a Tl 4 12.0 6.0 7.96
FipglInatar .t . v b . 0O Er N B e TR L 4.0 2.5 3.02
BECoRT IRahnr 5 1 o e e R T s S 3.0 1.0 1.60
b s B T T e A S s ST X T o N 3.0 1.0 1.78
R T R e S L By TR TR o 4.5 1.0 2.16
TR R v - sk r=- o B 0 5 e e e A A s e 5.0 2.0 2.58

In Table 6 is given a summary of the development of the cotton flea
hopper. All stages are subject to considerable variation. The dura-
tion of the egg stage is affected by the prevailing temperatures and
varies from 6 to 12 days. The first instar comprises the most time,
ranging from about one-half to one and one-half days more than
any of the succeeding instars. The average time required for com-
plete development during the warmest months is 16 or 17 days.

Adult

In 1925 the first adult cotton flea hopper in the field was observed
on April 21, about three weeks after hatching of the overwintering eggs
was first observed. From this date the number of adults increased
rapidly reaching maximum abundance during August and September.

There is no indication of definite broods in the multiplication of the
insects, but rather a general overlapping of generations, which results
in a more or less uniform increase of numbers until late summer and
early fall. With the approach of cold weather the inSects die of"
rapidly, and few, if any, are apparent in the field after the first frosi
has occurred.

Theoretically, seven or eight complete generations of the cotton flea
hopper are possible in one season.

{ : ————



Table 5. Nymphal Development in Summer

Total
Duration Duration Duration Duration Duration Duratxon
Date Date of of Date of of Date of of Date of o Date of of Average
Hatched First Molt First Second Second | Third Molt Third | Fourth Molt | Fourth | Fifth Molt Fifth |N mphal Mean
Instar Molt Instar Instar Instar Instar eriod Temp.
Days Days Days Days Days Days
Average......|...... =T BTG B2 i cvietiimnie tee .60 ;.o siseemie . RiT8  |Ins % 550215 3 exe Bxins 20060 (e eieie meie e Syare 2.58 11.05 87.5
Juxbe 30, a. m.[July 2, p. m. 2.5 |July 4, a.m. 1.5 [July 5, a.m. 1.0 |[July 7, a. m. 2.0 (July 9, a.m. 2.0 9.0 86.8
June 30, a. m.|July- 2, p. m. 2.5 |[July 4, a.m. 1.5 (July 5, a.m. 1.0° {(July 6, p. m. 1.5 (July 9, a.m. 2.9 9.0 86.8
July 1, a. m.|July 4, a:m. 3.0 |July 5, a.m. 1.0 [July 6, p. m. 1.5 |July 8, a.m. 1.5 [July 10, a. m. 250 9.0 86.9
July 1, a. m.[July 4, a.m. 3.0 (July 5, a.m. 1.0 |July 7, a. m. 2.0 [July 8, a.m. 1.0 [July 10, a. m. 2.0 9.0 86.9
July 1, a. m.[July 4, a.m. 3.0 |July 5, a.m. 1.0 |July 6, p.m. 1.5 [July 8, a.m. 1.5 |July 10, a.m.|. 2.0 9.0 86.9
July 1, a. m.[July 4, a.m. 3.0 (July 5, a.m. 1.0 |July 6, p.m. 1.5 (July 8, a.m. 1.5 (July 10, a. m. 2.0 9.0 86.9
Sept. 5, p. m.|Sept. 8, p. m. 3.0 |Sept. 10, a. m. 1.5 |Sept. 11, p. m. 1.5 |Sept. 14, a. m. 2.5 |[Sept.17, a. m. 3.0 11.5 87.8
Sept. 5, p. m.|Sept. 9, a. m. 3.5 |[Sept. 10, p. m. 1.5 |Sept. 12, a. m. 1.5 |Sept. 14, a. m. 2.0 [Sept.17, a. m. 3.0 11.5 87.8
Sept. 6, a. m.|Sept. 9, p. m. 3.5 |Sept. 10, p. m. 1.0 |Sept. 12, a. m. 1.5 |Sept.14, a. m. 2.0 |Sept.17, a. m. 3.0 11.0 87.9
-Sept. 6, a. m.[Sept. 10, a. m. 4.0 [Sept.11,%a. m. 1.0 |(Sept.13, a.m. 2.0 (Sept.15, a. m. 2.0 (Sept.17, a. m. 2.0 11.0 87.9
Sedt. 6, a. m.[Sept. 9, a. m. 3.0 |[Sept. 10, a. m. 1.0 |Sept. 11, p. m. 1.5 |Sept. 13, p. m. 2.0 |Sept. 16, a. m. 2.5 10.0 87.9
Sept. 7. p. m.|Sept. 10, a. m. 2.5 |Sept. 12, a. m. 2.0 |Sept. 14, p. m. 2.5 |[Sept. 19, a. m. 4.5 |Sept. 21, p. m. 2.8 14.0 88.3
Sept. 7, a. m.[Sept. 10, a. m. 3.0 |Sept. 12,Qa. m. 2.0 |Sept. 14, a. m. 2.0 (Sept.17, a. m. 3.0 |[Sept.19, a. m. 2.0 12.0 88.1
Sept. 7, p. m.[Sept. 10, a. m. 2.5 [Sept. 11, p. m. 1.5 (Sept. 13, p. m. 2.0 T T s P | T
Sept, 7, p. m.|Sept. 10, a. m. 2.5 |[Sept.12,ca. m. 2.0 |[Sept. 15, a. m. 3.0 |(Sept.17, a.m 2.0 [Sept.20, a. m 3.0 12.5 88.3
Sept. 8, p. m.|Sept.'11, a. m. 2.5 |Sept. 12, p. m. 1.5 |Sept. 14, p. m. 2.0 |[Sept.18, a.m T e T (A e S|
Sept. 9, p. m.|Sept.12, a. m. 2.5 |[Sept. 15 a. m. 3.0 |Sept. 16, p. m. 1.5 |[Sept.18, a.m 1.5 |[Sept.23, a. m. 5.0 13.5 87.9
<& 9, P. m.|Sept. 13, a. m. 3.5 |Sept, 15,§’a. m. 2.0 |Sept, 17, a. m. 2.0 (Sept.19, p. m 2.5 (Sept.22, a. m. 2.5 1225 87.9
Sept. 9, a. m.|Sept, 13, a. m. 4.0 (Sept.1 « 2.0 € e oo e 5] Separdices win flera igessse minserbiiera: oH|iarerminnsiae al ey exsyenes i sics o s 1o ironesrarevans Bl Sara wantiel fosantesnonunst =
Sept. 9, p. m.|Sept. 13, alm.| . 3.5 [Sept. 16 a m. 3.0 |Sept.18, p. m 2.5 |Sept.21, a. m. 2.5 |Sept.24, a. m 3.0 14.5 87.9
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Table 7. Length of Life of Adults

‘ Male | Female
Number i |
Emerged Died ‘ No. Days ‘ Emerged Died I No. Days
| |

\ 1 ‘
o Sl e A May 27 June 12 16 May 27 June 12 16
BOBL o e e May 27 June 16 20 | May 27 June 17 | 21
kit June 9 | July 8 29 | June 8 | June 26 18
B s e ey June 9 July 3 24 | June 9 July 57 28
BRI et Srs o e a5 June 10 July 3 23 June 9 June 30 21
Ny P e June 11 July 1 20 June 10 July 2 22
.............. June 12 June 29 17 June 12 June 30 18
R T i o b T June 17 July 6 19 | June 15 July 6 21
e S s crcdih June 18 July 2 14 June 18 July 5 g
1 R N June 18 July 4 16 ’ June 19 July 5 16

The cotton flea hopper does not withstand confinement very satis-
factorily, and it may be safely assumed that the normal life-period is
greatest under. field conditions. In the laboratory the duration of life
of twenty adult insects varied from 14 to 29 days during May and
June .1925, as is shown in Table 7. The average life-period of both
sexes in confinement is about R0 days.

FEEDING HABITS

The adults feed usually upon the most tender portions of the plants,
showing a preference for the growing terminal bud cluster. They
feed by inserting their beaks into the epidermis of the plant and suck-
ing the juice from the tissue. Usually an individual continues feeding
for only a short time in one location, then moves to another, where it
again punctures the tissue and resumes feeding. This operation may
be repeated many times within a few minutes. The scars resulting
from the feeding punctures are very minute. In confinement adults
will feed readily on a dilute solution of sugar or honey, sucking it
from a sponge. During the course of the life history studies of this
insect, several cases were observed where an active individual had thrust
its beak into the body of a dead cotton flea hopper in the cage, ap-
parently feeding on the body juices. :

The feeding habit of the nymph is very similar to that of the adult
insect. Soon after hatching, it begins to feed and moves to the tender
growing tip, where it remains usually until after the second or third
molt. In cases of severe infestation, 20 to 30 nymphs may be
found feeding on a single Crofon head. When disturbed, the nymphs
seek protection by secreting themselves on the under sides of the leaves
or by hopping to the ground.

PROTECTIVE HABITS

The cotton flea hopper cannot be classed as a strong flier. However,
when disturbed, the insect invariably resorts to flight as a means of
protection. It usually flies to a nearby plant and seeks concealment
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beneath a leaf or on the opposite side of a stem from the approaching
object. There appears to be no difference in the protective habits of
male and female cotton flea hoppers; both are active and will resort
to flight in eluding enemies.

The nymphs have long legs and are able to run rapidly. On plants
they cling closely to the stem or foliage and invariably move to the
side opposite from an approaching object. Ordinarily, running is the
common protective instinct. However, nymphs are also able to jump
or hop and when unduly disturbed they will resort to this means of
protection. The greatest distance covered by a single jump or hop
rarely, if ever, exceeds 3 or 4 inches horizontally. Individuals of
the later instars when disturbed have frequently been observed hop-
ping from plants to the ground and seeking the nearest available shelter.

Aside from the protective habits mentioned above, further protection
is afforded by a natural coloration which blends effectively with the
plants upon which the insect feeds.

HIBERNATION

In the vicinity of College Station the cotton flea hopper is found
in greatest abundance during ‘August and September and rapidly di-
minishes in number with the approach of lower temperatures. Most
of the nymphs and adults are killed by cold weather prior to November
15. The insect passes the winter in the egg stage. Hibernation may
begin as early as September 1, although the eggs were observed to
hatch during a period of several weeks after this date in the fall of
1925. The latest date of hatching was recorded on November 12.
The data obtained on emergence from plants confined in cages show
that hibernation is well under way by October 1. The first emergence
of nymphs from the overwintering eggs in 1925 was recorded on April
2, and in 1926 first emergence occurred on March 7. During the
former year the nymphs continued to emerge irregularly for a period
of about six weeks.

At College Station, Croton capitatus was found to be the most com-
mon host plant in which the eggs are carried through the winter.
However, nymphs were also reared from cotton stalks collected from
local fields and in Williamson, Hunt, Rusk, and Smith counties. In
the black-land sections of the State the indigenous species of Crotons
very likely will be found serving generally as winter host plants. Aside
from Croton and cotton, a species of wild sunflower collected in Hunt
County, November 1925, was found infested with cotton flea hopper
eggs. In the localities where wild sunflower is abundant it may prove
to be of some importance in connection with the hibernation of the
insect. Further observations on the winter host plants are being made,
especially in the black-land regions, where the injury to cotton appears
to be most severe. In the Rio Grande Valley, Aériplex is an important
host plant. Many specimens of this plant collected in Hidalgo County
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; g the winter season of 1925 were found infested with cotton flea
et eggs. No other winter host plants have been recorded from
thig'tégion, but it is likely that cotton also is important in this con-

NATURAL ENEMIES

sent knowledge indicates that the cotton flea hopper is not held
sck effectively by natural enemies. Probably the most important
its natural enemies are the field spiders. A number of different
s of these have been observed frequently capturing both the adult
§s and partially developed nymphs. While a considerable number
of imsects may be destroyed by spiders they cannot be considered sig-
ficant from the standpoint of natural control.
he nymphs of the cotton flea hopper are also frequently attacked
by the larva of a small red predacious mite, Bochartia sp., of the
family Erythraeidael. The mite attaches itself to the host and feeds
on the body juices. Nymphs thus attacked remain active for a con-
siderable period of time, and it may be safely assumed that the number
destroyed in this manner results in no appreciable reduction of infes-
tation in the field.

During the late summer of 1925 while the occurrence of the cotton
flea hopper on Croton or goatweed was at its peak, unusually large
numbers of ladybird beetles, Hippodamia convergens (uer., migrated
to the infested plants in several fields. There is some possibility that
this species may prove to be a natural enemy of the cotton flea hopper.
However, the ladybird beetles in the fields under observation did not
multiply sufficiently on the Croton plants to produce any apparent re-
duction of the number of nymphs present.

METHODS OF CONTROL
Cultural Measures

As a resulf, of the study of the life history of the cotton flea hopper
it will be noted that there are five important facts which can be utilized
in.“its control:

First, the insect hibernates or passes the winter in the egg stage
within the host plants.

Second, at College Station hibernation begins as early as Septem-
ber 1.

Third, the principal winter host plants comprise a number of our
common weeds. Wherever Crofon or sageweed occurs it is the pre-
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State, eggs of the insect have been found during the winter se
wild sunflower.

Fourth, cotton stalks remaining in the field are a source .0
tation to young cotton the following spring.

Fifth, insects, emerging in the spring before cotton is availabl
and subsist upon practically any succulent weeds, and later m
grate to young cotton.

Since the cotton flea hopper hibernates in the egg stage with
host plants, obviously control measures should begin with the d
tion of these in the late summer and early fall. At College
sageweed is the common host plant. If these weeds are cut or
up by September 1, practically all the insect eggs which they e
hatch before cold weather begins, and very few remain dormant and
hatch in the following spring. A series of experiments in this con-
nection show that cutting or pulling up the plants at later dates is
not effective, and if they are allowed to remain in the field they will
prove to be a source of infestation to the succeeding crop. In fact,
sageweed plants pulled up in November and December of 1925, com-
pared with those which were allowed to remain standing in the field
until just before emergence began in March of the following year,
yielded as many insects as the latter, in the emergence cages. It is
therefore necessary that the destruction of the host plants be complete
if they are cut or pulled up after September 1. Plowing under the
weeds in the winter, if thoroughly done, will prevent emergence of the
insects. However, there is always the possibility of bringing undecayed
remnants of infested weeds to the surface while preparing the seed bed.
Burning is the most effective means of destroying the infested host
plants. :

Cotton stalks must be considered as a source of infestation, since the
insect has been obtained in the emergence cages from plants collected
in various sections of the State. Plowing under cotton stalks during
the fall and winter is recommended. This measure is not enly effective
in combating the cotton flea hopper, but also is a desirable practice in
cotton boll weevil control. S

The fact that the cotton flea hopper will feed and mature on prac-
tically any succulent weeds found in or near cotton fields makes clean
culture an important practice in controlling the insect. Furthermore,
emergence of the nymphs from the overwintering eggs usually begins
before cotton plants are available; hence the practice of clean culture
will result in starving out an incipient infestation.

Aside from the fact that the cultural measures recommended here are
effective in combating the cotton flea hopper, they are considered to be
good farming practices and will increase crop production whet
insect is present or not.
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Use of Insecticides

In addition to the cultural measures recommended above, insecticides
may be used to a good advantage in controlling the cotton flea hopper.
In preliminary experiments a number of different insecticidal materials
were used, among which were monohydrated copper sulphate dust, cal-
cium fluosilicate, sodium fluosilicate, calcium cyanide, tobacco dust,
hydrated lime, nicotine sulphate dust, sulphur-lime, sulphur, sulphur-
nicotine, and sulphur-naphthalene. Early results indicated that sul-
phur and the materials containing sulphur gave the best promise of
control. Consequently the experiments were continued with sulphur
and mixtures containing sulphur. ,

During the progress of these experiments in July and August 1925
at College Station, the insects were not present on cotton in sufficient
numbers to obtain reliable data on control. Therefore the efforts were
confined to sageweed which was heavily infested. Heavy applications
of all insecticides were made with hand and traction dusting machines
at 7- and 10-day intervals. A summary of the results obtained is
given in Tables 8 and 9.

Table 8. Per Cent of Daily Control After One Application

First |Second| Third [Fourth| Fifth | Sixth | Sev’th|Eighth| Ninth |Tenth
Day | Day | Day | Day | Day | Day | Day | Day | Day | Day

Biphur . ... ... ... 71.7 186.9-1-89.6 | 90,27 | ‘9435 meae 79.7 | 79.5°| 66.7-| 89.5
Sulphur-

naphthalene. . ... 88.7 1-91.7 | 87.5 [“92.4: [792.6 [l 93.9 | 81.2 | 83.5 | 83.9
Number Tests .. ... 6 6 5 6 o A T e 4 3 3 2

Table & Per Cent of Daily Control After Two Applications

. First | Second | Third ] Fourth | Fifth Sixth | Seventh

‘ Day Day Day Day Day Day Day
L A ED el b e ‘ 93.8 ’ 94.7 89.6 92.7 943 1] i so st 67.1
Sulphur-naphthalene. . . .. ‘ 97.3 ! 95.4 99.0 98.2 100:0 |5 viameni 91.8
Number Tests . ......... J 2 l 2 2 2 e 2

It will be noted that both sulphur and sulphur-naphthalene gave
excellent control. However, since the sulphur-naphthalene mixture is
mozesexpensive and not readily obtainable on the market, sulphur is

mended for use in cotton flea hopper control. Aside from its
mess sulphur is readily available to all local growers. Commercial
ur is sold in various grades of fineness under a variety of trade

i
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Figure 10. Three good types of dusting machines.
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names. It has not been possible, up to the present, to test the effective-
ness of all these grades in the control of the cotton flea hopper. In the
control experiments at College Station the brand of sulphur known
commercially as fine sublimed flowers of sulphur was used and found
to be satisfactory for dusting purposes. In Nueces County commercial
flour of sulphur was used on cotton in control experiments. This
grade of sulphur is also effective in controlling the insect, but is not
distributed as uniformly by the dusting machines as are the finer and
lighter grades. ;

The following recommendations for controlling the cotton flea hopper
by the use of sulphur are based upon the results of control experiments
conducted on sageweed at College Station and field observations on
infested cotton in Nueces, Williamson, Hunt, Rusk, and Smith counties:

1. Sulphur applied as a dust is an effective insecticide for con-
trolling the cotton flea hopper.

2. The finer grades of sulphur are best adapted for dusting purposes.

3. The cheapest and most efficient method of applying sulphur to
plants is by means of good types of dusting machines.

4, From 12 to 15 pounds of sulphur per acre for each application
gives effective control. :

5. Barly applications of sulphur are the most effective since the
young insects or nymphs are more susceptible to the effects of sulphur
and adults are not killed generally by the dust.

6. The proper time to begin dusting depends upon local conditions.
Every effort should be made to control the infestation from the be-
ginning.

7. Three or four applications at 10- or 1R-day intervals in the
early part of the season should give protection to the crop in its early
stages. If later applications are necessary the interval between dust-
ings should be reduced to 8 days.

8. Applications may be made any time during the day.

SUMMARY

The cotton flea hopper has long been an inhabitant of Texas and is
widely distributed within the State. Within the last three or four
years the insect has become a major cotton pest, causing severe losses
in many localities. The injury to cotton resulting from attack by this
insect is manifested by excessive shedding of very small squares and
the suppression of fruiting branches.

Croton or sageweed is the preferred food plant of the insect. How-
ever, it has been reared on a large number of different species of plants,
principally common weeds. Sageweed is also the preferred host plant,
but the insect will ovipost in cotton, Aériplex, horsemint, wild sun-
flower, horsenettle, and May apple. :

The cotton flea hopper hibernates in the egg stage. The over-
wintering eggs begin to hatch in March or April of the following spring.
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There are no distinet broods or generations of this insect. Reproduc-
tion is continuous throughout the warm season. Cold weather in the
fall kills all stages of the insect except the egg

The time required for complete development during the warm season
varies from 16 to 29 days, averaging 22.5 days in May and June. Ovi-
position begins shortly after the insects become mature. During the act
of oviposition the plant tissue is punctured by the ovipositor and the eggs
are laid singly within the plant. The duration of the egg stage varies
from 6 to 12 days, depending upon prevailing temperatures. There
are five nymphal stages in the development of the insect. The nymphs
are active and feed on the tender portions of the plants by inserting the
beak and sucking the plant sap. There is some indication that the
ingect may transmit a toxic virus.

No natural enemies of importance have been observed. Cultural
measures of control are recommended. These consist of the early
destruction of host plants and the practice of clean culture. Sulphur
and sulphur-naphthalene are effective insecticides in controlling the
cotton flea hopper.
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