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LEAF APHID WITH SPECIAL REFERENCE
TO THE SOUTHWESTERN STATES
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INTRODUCTION
&N
&3 The corn leaf aphid (A phis maidis Fitch) has heen observed by

+many entomological workers on numerous different sultivated plants

oin various sections of the United States over a period of nearly 75

oyewrs. Many acticles have been published regarding this insect, but,

awvith the exception of Forbes, who shows the difference between the

tidorn leaf aphid and the corn root aphid (dphis) Anuraphis maidi-

Uadicis Forbes (11, 12, 13),* no one has attempted to give a complete
detailed account of the biology of the species.

‘This hulletin describes a study begun in 1910 by the senior writer
at Bl Centro, Culif. During that year many field observations were
made on Aphis maidis as a serious pest of barley. Fields of barley
were discovered to be intensely infested with this aphid, and serious
injury was noted. Subsequent studies revealed the fact that it was
the most serious insect pest of barley in the southwestern part of the
United States. In the following year at Tempe, Ariz., life-hictory
studies of this species were begun and have been continued with the
assistance of other members of the Tempe laboratory and the junior

1 The authors wigh to express their apprecintlon of the many couctesies shown them by
Joe 8, Wade, of the Duresu of Entomalogy, 2ud of his valuable assistnnce with the
'l:iﬁtemtur;: of this speecies. They arc especinliy grateful for access to hia bibliography of

e specles,

2 Ttalle numbers o purentheses refer to Literature Cited, p. 20

103800°=—32. 1
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author to the present date. Other workers in the Bureau of Ento-
mology also h' - made many observaticns and studies of the spscies
ab other points in the United States. The work of R. A. Vickery
at Brownsville, Tex., has been particularly helpful.

Our knowledge of the life history of this insect is incomplete in
several respects. Even after s continuous study of this species
covering a. period of 20 years, an oviparous female has never been
obtained or observed. Nor has the development of every instar of
the male been carefully noted. Males were obtained by rearing only
in rave cases and never in the field.

HISTORY OF THE CORN LEAF APHID IN THE UNITED STATES

Although this insect was probably well known Fpmvious to 1856,
the first recorded observation seems to be that of Fitch (10, p. 318},
who states:

In Augnst, the person who ls selecting soft eorn for bolling will sometimes
come to an ear, the stem of which is entirely covered with vermin, * * *

Thev ovcur ppon no other part of the stalk except the peduncle or stem which
bears the ears.

He recognized this as & new species plainly differin “from one
which infests the maize in Europe, the Aphis zeae, of Bonafous,”
and proposed to call it the maize aphid (Aphis maidis).

About the end of May, 1861, the attention of Walsh was called
to an aphid attacking the roots of corn near Rock Island, II. He
compared specimens of this with the aphid described by Fitch and
states {87, p. 492):

As his descviption ugrees tolerally well with that of the species which 1
found sttacking the roots of corn in June, and as, in piartleular, be describes
the antenstie as being not guite half as leng as the body, T suspect that they
are the swme inseet, and that its normal habitat is the roots of the corn plant,
but that luter in the senson when these dry up it betakes Itself, to avold
starvution, to the stem of the cur.

Thomas gz‘S) apparently accepted this determination and reports

it as beine found on the $assels, ear stalks, and roots of Indian corn.

S. A. Forbes and his assistants began observations on this insect
in 1882. For a time they also apparently accepted the theory that
the two forms represented the same species, but later they began to
have some doubt. In 1891 Forbes (/1) definitely determined the
two forms as distinct species and proposed the name Aphis maidi-
yadicis for the root form. Three years later (12) he again called
attention to this difference and the inability of his assistants, H.
Gurman, C. M. Weed, and John Martin, to breed one form from the
other. He also pointed out a difference in preference of host plants
and gave the characters which differentiate the two specles,

DISTRIBUTION

Aphis maidis is found throughout the greater part of the world
between the latitudes of 40° N. and 40° 8. (Fig. L.} In North
Americn its northern 1imit is somewhat farther north and coincides
fairly well with the latitude of the northern border of the United
States. Records in the files of the Bureau of Entomology indicate
that it occurs in every State in the Union with the possible excep-
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I'eure 1.—Distribution of Aphis maidis Fltch throughout the world
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tion of Montana, Idahe, Wyoming, Utah, and Nevada, It may cccur
even in these States, but no records of such distribution have been
found. (Fig. 2.)

The species is apparently of little importance in Canada. Glen-
denning does not include it in his List of the Aphididae of British
Columbia and the supplement thereto. The only records found in
literature of its occurrence elsewhere in Canada were from Nova
Scotia, Ontario, and Quebec. Spittal (17) states that moderate in-
festations were found at Weymonth, Digby County; Wilmot, An-
napolis County; and Berwick, Kings County, Nova Scotia. Caesar
and Ross (5, p. £4) record its presence in Ontario in the following
words:

Dark preen aphids were very numerons in mest corn fields durlng August

and September. They fed on the new growth in August, and in Septemnber
were chietly in the sheitered areus between the stem and the enveloping leaves.

Ficune 2—Digtribution of Aphis meidis 1o the United Stufes

G. H. Hammond, of the Dominion entomological laboratory at
Hemmingford, Quebec, in a letter to the junior author states that
he found the species common in 2 single field of corn at Hemming:
ford, Quebec, on September 14, 1929. A single specimen was found
in the collection of the United States National Museum labeled
Montreal.

The records from Mexico are likewise very meager. A single
reference was found in the records of the United States insect pest
survey and one in literature (16}, each recording iis presence in
Mexico but giving no locality. The authors have observed the in-
sech as a serlous pest in the United States near the Mexican border
from Brownsville, Tex., to San Diego, Calif. A. L. Herrera,
formerly in charge of the direction of biological studies in Mexico,
in a letter to the authors says, “Aphis maidis is a pest in Mexico, in
the corn and other plants,” and Alfouso Dampf, of the Federal office
for the defense of agriculture of Mexico, writes that he has seen the
species on sugarcane.
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In Europe corn is frequently attacked by Aphis zeae Bon., which
closely resembles 4. smaidis Fitch, but which is considered a quite dis-
tinct species. Del Guercio (9) mentions 4. maidds as new to Italy,
but states that he considers the Ttalian form a variety of 4. maidis
of America and points out-tha: some differences are observed. No
other writer has reported its occurrence in Europe. Since this aphid
has been shown to be the only imown agent in the dissemination of
sugarcane mosaic (¢}, it seems possible that it may be present in
southern Spain, where this disease was recently found. This species
was found in Java and described under the name dplhis adusta
Zehntner, which appears te be the only synonym.

- L mm wum ey

Fieuns 8.—Plants heavily infested with corn Tenf aphids: A, Corn; B, barley: c,
parasitized uphids ou sorghum

FOOD PLANTS

The recorded food plants of the corn leaf aphid include a great
number of the common wild and cultivated grasslike plants and also
a few common weeds. In the United States barley, grain sorghums,
and corn are possibly the favored food plants, with preference shown
in the order named. (Fig. 8.) In the sugarcane-growing regions
this insect has attracted considerable attention in late years, as it has
been shown to tramsmit a serious disease of sugarcane known as
mosaic, Apparently Aphis maidis does not normally feed on the




§  TROBNIGAL BULLETIN 306, U, $. DEPT. OF AGRICULTURE

cane fo any greaj extent, but does this only incidentally or when
forced to do so by the destruction of its normal food in the culti-
vativn of the fields. Several investigators, working in foreign coun-
tries, Lave had difficulty in keeping this insect alive on sugarcane.
Brandes, however, reports its ocensional presence on the sngarcane
in large numbers {1). It is questionable whether this aphicfbreeds
normally on any host other than species of the botanical group
Gramineae. Most records of occurrence on hosts belonging in other
eroups may be due either to mistaken identity or to the casual rest-
ing of migrant forms, although Davis (8) records it as feeding
normally in his cages on Polygonum pensisylvanicum L

The necompanying list of host plants (Table 1) has been com-
piled from observations by the authors and from notes made by
several other nmembers of the Burean of Entomology, together with
a few vecords, chiefly foreign, from the literature. l\ﬁny of the
foreign hosts listed aiso oceur in the United States, but they did not
come under the observation of the authors.

Tanre 1.—Host plants of the corn leaf aphid

T Common nams of . keletive abun.
Sclentilie naroe of piant plant Loeality S dance

Ambrosia trifide L Qreat rogwesd Uuknown.
Arunde donozr L Carrizo, giant reed_ | P Common.
Avena sutive L .f Oat -| Rare.
Azonopir xeoparius (Flilgge) Kohlm Cromalote. by {ommaon.
Cenchrus cchinaties L., Sand bur, are,
Cynoden dectyion () Pers Bermmnda gross._ ... d Qccasional.
Cyperus escrfentus L Chufy, arg,
Dactplocteninm aegyptinm (L.} Richt. ..] Ocvcasional.
Digitaria chinensis (Nees) A, Camus, . known. Rare.

Digitaria debifis (Desl) Willd | To.
Trigitaria horizentatis Wilid i ..| Common.
Digitaria prurient (Trin.) Buese. . | Unkngw Hare,

Digitaria sanguinalis { L.g Sran Crabgrass. - t Common.
Echivtochioa cofenum (1) Link, Yungle rice A Preferred host.
Echinochion erusgudli (L.} Beanv RBaroyard grass Qoensional.
Etusine indica (L.,) Gaerto, - | GooJe gIRSS o,
Fragrostis pifora (1..)) Beauy, Chosen TUnknown,
Eritcchlon pofystachye IT, I3, K, Malejillo Common.
Eriochiog punctata (L.) Dosvy i £ Rarg,
Jinrdenwi mitrinum L - Dao.
Fordeum vuigore L 4 Preferred host.
Leptochton sirgata (L) Beauv . Oceasional.
Aiscanathus sinensiv Anderss____. _| Eutlulia d

Qublenbergic mericana (L.} Tein.....
Oritifs sp
Funicwn purdinude Trin Pars grass .
Panicum eapitlare L Witchgrass_ ____.__|
Panicum dichotomifforum Michs. o _.._.___
Panicum hemitomon Behult. . Maiden cane
Fagzicem miligeerim L p Broomcorn millet. ..
Panicum sp.(probebly Peapatum distichum L) | Diteh grass
Pospaium boteinaum Flilgge. | Bull
Paspaitwm conjugainm Berg. .
Paspainm fimbrigtum B. B. K
Paspaium virgatum L
Perniselum glaucent (1) R, Br_
Phragrnites communis Trin LReed. .. . - .
Planinge major L. | \ do. Unknow,
Por pratensis L___ . Kentucky blupgrass O ipnal
Polpgonwin peanspleanicham T .. .| Tad¥'s-thumb . Unknown,
Rattboctfia exultata [T TIRE Prass eemeeeenen . Cammaon.
Pottboeltin glandyufose Tri Qccasional.
Rumer affizsimus Wood.. - . i Unknowm.
Sacchnricm Rarengn [ Moes ritd suy Oceasiopal.
Saecharum officinarum L 5 i Rare.
Scirpus muriticing Hawail, ... Unknown,
Secfe cerende Lo __ 3 Tinited States. Rare.
Setarie aureq Moehst_ | ] Australin C
Seturin itafica (L.) Beauy. Uniteel States Do,
Setqria titescens (Weigel) Hubb. - . d Oceaslonal,
Setarie viridly (L.) Beauv Da.




BIOLOGY AND CONTROL OF THE GORN LEAF APIID

TawLe 1.~~Host plants of the corn leaf aphid—Continved

Cominen name of f Relative abun-
Seientific name of plant plant Laeality dnnce

Setgnwnm roxtrafum Dunai Buffaio bur Rare,
Sorghum dora Qrisch . Sorghum d Unknown.
Serghum halepense (L.} Pers. Johnson S Occasional,
Sorphem ruipare Pers. (lorm). Waonder lormge grass Dao.

T4

o,

Sorghum vwigare Pers. . - Sorghm United States, Preferred host,
Sorghum vedpare var. cafrorum SBcuuv.) Kafir do Do.
Serghum eulgere effurum (Hack,)._____. Pora Unknown,
Sorphum tulgnre ver, eriguns {Forgk,)_ Cuba Occaslonsl.
Serphum onlpare var. soccharatym (L. Boe._| Sacgo United Btates..._.| Unknown,
Serghum pulgare var, sedenense Pliper) Eitche. | d Qecasional.
Serghum pulpare var, Jechnicuin (Koorn,) Preferred bost.
Sporobolns rirginicus (L) Kunth — ] Rare.

iticem aesivein L Da.
Tripsacum larum Naosh . Guatemals gress. . .. Common.
Typha Iati{::ﬁﬂ L. Catipdl e o Uokoowa,
Zen moys Corn.. Eroferred bost.

FIELD HISTORY

During the summers in the South and Southwest the corn leaf
aphid is held in check hoth by the extreme heat and by its natural
enemies. When cool weather appears, it reproduces rapidly on the
late corn and sorghums until these either mature or are killed by
irosts, and then migrates to the barley and e other small grains,

tthes reg-op-ig-dadled-by-frosts, During the
winter months the aphids multiply rapidly and do their greatest
damage in this section to the fall and winter sown barley, sometimes
weakening it to such an extent that very little grain is produced, In
the cooler sections of the United States this aphid is found chiefly
on late corn, broomeorn, and sorghums, rarely doing serious injury
because of its late appearance.

_TYPE AND EXTENT OF INJURY

It is difficult to estimate the amwount of damage that may be done
by this insect. It commonly attacks the corn in the North so late
that Little injury is possible except on the late corn. Here the heavily
infested leaves turn yellow or red following the feeding a. d may
shrivel and die, particularly if the weather is dry. According to
Forbes (18), there is some evidence that the insect may at times
prevent fertilization of the kernel by sucking the sap from the silk
or pistillate flower and killing it before it has performed its function.
A heavy infestation may also weaken the stalk and delay maturity
to such an extent that tge plants may be injured by frost.

Farther south corn is attacked much earlier in the season, so that
more damage may be done. As has been cited by McColloch (75),
another more common form of injury to corn in Kansas and south-
ward is that the aphids, by feeding on the tassel, may prevent its
funetion of producing pollen. Also the tassel occasionally becomes
so gummed with honeydew as to prevent the shedding cf vhe pollen
that is produced. This honeydew forms one food of the adult of
the corn ear worm ( Heliothis obsoleta Fab.) and hence attracts great
numbers of the moths to the field, thus being an indirect source of
injury. Molds and rots often set in which weaken the stalk, some-
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times resulting in the loss of the top and thus destroying the ear or
at least reducing ifs size.

Broomcorn is sometimes considerably damaged by a reddened
discoloration of the brush following the feeding puncture. A sim-
ilar discolovation and small-sized grains frequently follow a heavy
infestatior of the heads of grain serghum. Forbes (19) considered
this to be due to a bacterial infection. Such infection has not yet
been definitely shown, however, and in the light of recent work
by Wadley (20} on the damage cansed by the feeding of Toxeptera
graminam Rond. it seems possible that the injury may be due to
an enzyme injected by the aphid.

McColloch (15, p. 91) reports that in western Kansas in 1920
“the infestation resulted in shrinking the head, csmsing a8 loss of
abont 33 per cent in weight and 50 per cent in volume” on grain
sorghuins. Hayes (74) shows a rather serious loss in germination
from heavily infested heads. The piant is sometimes weakened
and the boot injured so that the head does not fully emerge and
sroper pollination becomes impossible. The heavily infested heads

ccome covered with honeydew, and in humid weather molds and
other fungi attack the honeydew, thus giving an unsightly appear-
ance. Much stunting of the growth frequently attributed to dry
weather is sometimes more properly due to the feeding of this insect,

The loss on barley in the South and Southwest often reaches con-
stderable proportions. The late-sown barley is always injured more
severely than that sown earlier in the season. The leaves become
curled and sickly, and frequently an entire field has the appearance
of suffering from drought. Occasionally the plants.are yellowed
and look as if they had been sun-scalded. At El Centro. Calif., more
than 600 aphids were counted on one stalk, and a careful estimate
indicated the presence of between 400 and 500 aphids on each stalk
in threc-fourths of the field. It is obvious that such an infestation
would practically ruin the entire crop. On Harold Bell Wright’s
ranch at Meloland, Calif., the aphids were so abundant in 1912 as fo
cause the complete loss of a 10-acre field of barley. Mr. Wright, in
a letter to the senior author, says: “'The aphids have been so thick
and their honeydew so abundant that one could not walk 10 steps in
the field without having pants and shoes a mass of stickiness.”

Although this aphid does not normally feed fo any great extent on
sugarcane, it does go to this crop occasionally, especially when its
normal wild hosts tn the field are destroyed in the process of culti-
vation. It has been shown by Brandes (7)), Chardon and Veve (6),
and others to be responsible for the dissemination of sugarcane
mosaic, which causes a considerable loss to the sugar industry.

LIFE HISTORY

Sweepings of barley and other grains and thorough searches in the
fields in the South and Southwest over a period of 20 years have
failed to reveal males or oviparous females. The oviparous female
has never been observed, or obtained by rearing, and the males have
been reared in only a very few cases.

Forbes {12, 13) discusses at some length his unsuccessful attempts
to find sexual forms or eggs. From 1907 to 1912 E. O. G. Kelly
spent considerable time in breeding -rork and searching in flelds
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and watching the flights of Aphis maidis in the fall in Kansas, but
he found no evidence of sexes. Vickery and coworkers reared many
thousands of specimens at Brownsville, Tex., without recording any
true sexes, although in his notes Vickery described one specimen,
secured in January, 1911, that might have proved to be a sexuai
form had he rearved it to maturity. His description of this speci-
men agrees closely with that given later in this bulletin for the young
of the male forms.

Wilbrink (22) and Van Breemen (2, 3, 4) in Java, and Vuillet
and Vuillet (19) in the French Sudan did considerable breeding
work, and each found only the viviparous forms occurring. In fact,
with the exception of the few males found in the generation experi-
ments at Tempe, Ariz., no sexual forms have ever been recorded.

Trom the latitude of northern Texas southward the species win-
ters ns viviparous females on barley and other small grains. The
method of overwintering in the North is at present unknown. Less
than 25 per cent of the aphids were able to withstand the unusnal
temperature of 13° ., which was recorded at Tempe, Ariz., in 1912,
In localities where the temperature falls much below this point the
aphid is not known to survive the winter,

Just how the aphid becones so injurious in the North is not defi-
uitely known. It is possible, as suggested by Davis (8, p. 744}, that
tt may migrate nerthward much as the green bug (Toxoptera grami-
nwm Rond.) does, but such migration has not been definitely proved.
The writers have observed that at Tempe, Ariz., and San Antenio,
Tex., the alate forms appear much riore numerous during the six
weeks following March 25, and again for six weeks following August
23, than at other times. A note made by the senior author at Tempe,
Ariz,, on April 19, 1917, is as follows:

Alate spring migrants are in the alr thick the past three days, and this
morning they were especinlly numerous. At sunrise the ale was alive with
them, und the reflection of the sum upon their rapidly moving wings made a
unique lighting effect,

Similar migrations were observed by Van Breemen (2, 3, 4) in
Juva, Forbes (73, p. 125) states: “ The species makes its appearance
i midsummer, our earliest date being July 9, when specimens were -
found on young leaves of corn. We have no record whatever to show
whence it comes or where it lives preceding this time,” This late
appearance in the North adds weight to the theory that the species
may migrate from the South.

In the summer the fully developed aphids are very small, often
scarcely more than one-half to two-thirds the size found during
cooler weather. Associated with this reduced size is a much shorter
life and the production of a very small number of young.

CAGES USED 1N LIFE-HISTORY STUDIES

Barley was found to be the most desirable host plant to use in
cages, as it is one of the favorite food plants, is hardy enough to
withstand all degrees of temperature imposed, and furnishes a small
leaf snrface which can be easily examined.

A single barley plant was allowed to grow near the center of a
6-inch f'fowerpot, and a 4-inch lantern globe with cloth top was

103300 —32 2
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placed over it. The plant was pinched back from time to time to
regulate its size. The cloth cover allowed sufficient ventilation to
prevent excessive moisturce from gathering inside the globe, (Fig. 4.)

BIFFICULTIES ENCOUNTERED

It wag often difficult to examine the cages during cold weather
because of the aphids’ habit of crawling deep into the center whorl of
the plant, making it almost impossible to count the number present
without injuring either the plant or some of the aphids. The num-
ber could sometimes be determined by holding the plant between the
observer and the sunlight or, better, a 40-watt electric light; the
aphids would then appear as shadows within the whorl.

Perhaps the greatest difficulty encountered in the generation exper-
iments was due to the tendency for the plant to develop a wilt dis-

ot

S

Fiiuee 4.—Cages nsed in life-history atudies

ease under conditions of high temperature and humidity, such as
prevailed in the spring. A plant that appeared healthy when the
eage was examined on one day wounld often be wilted the next day
and the aphids scattered beyond recovery.

Another serious difficulty was caused by a fungous disease which
attaclced the aphids and killed large numbers of them at times when
the temperature and humidity were high. Fortunately for the con-
tinnity of the series, the female was not usually killed until she had
produced one or more young, although she often died within a day
or two thereafter. Sinee this disease was most prevalent during
April, May, and June, when reproduction was at its height, the
average number of young was considerably reduced.

GENERATION EXPERIMENTS

Losses from the various eauses mentioned above made it impossible
to carry all the generation experiments through the entirve year. Of
approximately 50 series of cages run at Tempe, Ariz., to determine
the maximum number of generations by using the first-born each
time, only 7 were carried through the entire year, Even in these
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cases other individuals of the same age as those used to start the
cage were occasicnally substituted in order that the series might be
continued through the year. Only two series were carried for more
than a year, one of these for a year and nine months.

Approximately 30 series of cages were started to determine the
minimum number of generations by using the last-born each time,
but none was successfully earried through an entire year even with
substitution. TFive cages were carried successfully for 10 months or
more and so gave an indication of about what could be expected.
In these series 1,141 individuals were kept throughout their entire
lives. The maximum age for these individuals was 86 days, and the
maximum numbeyr of young was 95.

Table 2 summurizes only the few series of cages which were car-
ried for 11 months or more for first-born generations and approxi-
mately 10 months for the last-born. The maximum number of gen-
crations in a year varies from 35 to 40, with an average of 37. If
allowance 1s made for a probability of about 2 more generations dur-
ing the approximate six weeks not shown for the last-born, the
minimum number of generations would vary from 13 to 20, with an
avernge of 16,

TasLE 2—Generation dute

BETERMINED FROAL FIRET-BORW

Ay
nb Mk
mum

YOLNE

Average | (encra-
young tions

Alaximum | Avetuge

Dy Number | Number | Number
fl 232 57 10 1 wear.
De.

Do.

Da.

Do,
1 vear, 24 days,
1 yenr, 9 roonths, 12 days,
11 menths, 14 days.
11 months.
11 months, 14 days.

Menn B6. 7 ) a8, &

DETERMINED FROM LAST-BORXN

42 21 47 & 10 months, 5 days.
[L)] 3 & : 10 months, 7 days.
T2 25 i 10 months, 11 days.
79 30 63 10 inonths, 3 days.
55 ti 5T 9 months, 28 days.

ATenn 61,8 252 504

The milder winters and cooler summers occurrin%' at Brownsville,
0

Tex., enabled Vickery to carry 14 series of cages for one year and
12 series for two years for the maximum number of generations,
and 9 series for one year and 4 series for two years for the minimum
number of generations. He found the maximum number of genera-
tions in one year to range from 39 to 50, with an average of 45.1,
and the minimuin nomber to range from 16 to 20, with an average
of 17.2.
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The number of generations in the North would be much smaller
owing to the short season. Davis (8, p. 149), working in Illinois,
says: “* * * from my experiments, it may be definitely said
that there were not more than 9 generations after June 26,” the
exrliest date of its appearance,

LENGTH OF INSTARS

The length of the several instars varies considerably, depending
on a number of factors, although temperature is the dominant one.
Fourteen individuals were carried through to the adult stage and
observed for molts during March and April, and nine individuals
during July and Augunst.  (Table 8.) The observations were made -
at B-hour intervals. These individuals molted four times, and one
specimen molted five times.

TapLe 3—Length of instars in days
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The time required to reach the adult stage varied from 4.50 days
as a minimum in July and August to 15.25 days in March and
April.  Alate forms required a day or two longer than apterous
forms. No record was made of molis during the winter maonths,
but the generation cages show that the total length of the instars
would have increased to from 18 to 22 days, depending on the
temperature,

VIVIPAROUS FORMS

The viviparous forms have been fully described by Davis (8), and
it seems nnnecessary to repeat these descriptions here,
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SEXUAL FORMS

The sexual forms of 4. meaidis ocour very rarely in the United
States, and thus far have not been recorded from any other country.
Various entomological workers have spent much time and carried
the species through many generations withont having obtained a
specimen of either of the sexes.

While running a series of generation experiments at Tempe, Aviz.,
in 1920, the junior suthor chtained two specimens that were later
determined by A. C. Baker as alate males of A. maidis. Since that
time 40 or more males have been rearved by the saine aunthor. With
the exception of 2 males born November 29, all were secured during
December, January, and Feb-
ruary. The writers have not
yet been able to secure the ovip-
arons females.

No definite statement can
yet be made concerning the
tactors influencing the occur-
rence of sexual forms, The
first 4 males produced werve the
first and second born of cer-
tain given females, while the
next 8 males secured were the
last 8 born of a single female.
In another case there was an
indiscriminate mixing of males
and apterous and alate vivipa-
rous individuals after 36 nor-
mal vivipareuos young had been
born. (]E.*‘igs. 5 and 6.)

In eauch of the three seasons,
1919-20, 192122 and 1923-24,
in which males were found, the
average temperature ranged
from nearly normal to 8.4 de-
grees above normal for each
menth, with no abnormally low
t[‘!‘fl_‘[)t‘l':ltlll'(‘ﬁ (:l minimum of Figres i_).v—‘\I,Ifl:l'n'tlzi”;';é":}]‘lnrous femnle Aphlg
30° F.). During thesc threc
yvears 40 series of cages were run through the scason, and males
appeared in 6 of them. The average temperature during the winter -
of 192425 was also above normal, although there were occasional
tow temperatares, with a minimum of 23° F. Nineteen series of
cages were run during this season without any sexual forms appear-
ing. TDuring the six years 1911 to 1917, 27 series of generations
were earried through the winter seasons without sexual forms ap-
pearing.  Four of these six seasons averaged below normal; the
other two averaged above normal, although there were nnusual cold
spells in which the temperatures dropped to 27° F. While all the
males thus fav observed were secured during very mild winters, the
number of cages under operation is too small to show definitely
that temperattive is n controlling factor, Other workers have cavried
. maidis through the winter in greenhouses, in heated rooms,
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and in the Tropics without producing sexual forms. There seems
to be no correlation between the number of males secured and the
prevailing humidity or a combination of temperature and humidity.
The greatest number of specimens developed during two of the
seasons when the work was carried on under an open shed where some
of the light was cut off, but they were not secured in other seasons
under the same shed. They also developed in a third season when
the work was done in the open with full daylight. Other workers
have carried them through in inclosed sheds and rooms where the
light was greatly reduced without securing sexual forms, so that a
reduction of daylight does not seem to account for this occurrence.

The writers have been unable to find any other factor or group
of factors that may be said to influence the occurrence of sexual

F1GurE G~Alate vivipurous femule Aphis maidis

forms. Tt seems probable that in the process of evolution Aphis
maidis has developed to a point where the sexual forms are no longer
necessary and the species can indefinitely continue to reproduce
parthenogenetically.

MALES

Unfortunately, nc males were observed closely enongh to permit
definite conclusions concerning the number of instars, the length of
each instar, ete. A general statement can be made, however, that
males required from two to nine days longer to reach maturity than
the normal apterous, viviparous female born at the same time.

In all but one case the males were recognized as different in some
way from normal young -as soon as they were found. The second
time they were found they were retained to start a cage of first-borns
and were not recognized as males until they became adults.

Since no technical description of the young male is available, it
seems desirable to incorporate here some exiracts from the notes
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made by the junior author at the time the young weve found. The
first note appears on February 11, 1920, and is as follows: “Two
larvae are found to-day. These are extremely dark colored.” These
fwo larvae were isolated for observation, and on March 1 appears
the following:

Both are now winged adults. These are much more slender than the AVerage
winged female and the abdomen is much darker; the average winged female
haviny a black thorax and a greenish abdomen while these have both thorax
and abdomen black,

These two specimens were observed for a few days, then preserved
in aleohol and sent to A. C. Baker, who determined them as alate
males of Aphis maidis. Another note, under date of December 21,
1921, is as follows:

One young e so different that it is isolated to watch developments. It is of
i dull black color, $o that when first seen on a yellowed leaf T thought it
dead. 1t is comparatively brond across the thorax, and the sides of the thorax
and abdomen sare parnllel, The tip of the body does not extend beyond the
cormicles at this time. (Age sbout 3 days)

DESCRIPTION OF MALE APHIS MAIDIS {FIGH, 7, 8, %, 10}

The following description is from five specimens reared by the
junior anthor, which are now deposited in the United States Nafional
Museum (No. 193828).

Hend and thorax blaek; abdomen dark bluish green, appearing almost black,
with o slightly darker spot on the side of each abdominal segment. Antennne
f-segmented, renching nearly te the cornicles. Third antennal segment with
12 to 47 circular sensoria irregulerly distributed; fourth with 9 to 25 similor
sensoria irregularly distributed; fifth with 6 to 15 semsoria; sixth with 1 large
sengovium af the apex of the basal portion and none to 2 small semsoria on the
basal portion. Legs black. Cornicles black, largest in the middle and some-
what dilnted at the apex.

Megsurements (average specimens In alcohel) : Length of body, 1.458 mm
width, 0572 mm; wing expunse, 629 mm. Antennne {Table 4}, basal seg-
ment, 0.0624 mm; segment 2, 0.0624 mm; segment 3, 0.329% mm; sesment 4,
01788 mny; segment 5, 0.1726 mm ; segment 6, 0.09364-0.2080 mm ; total, 1.1077
mm, Cornicles, 0,104 mm,

Tanre 4 —Ieasurements of male antennae

Segmnent 3 Scgment 4 Segmoent 5 Begment &

Segraent 1 | Sogment 2

Length | 868 (7o oapf Sem- |y popy Sen- Leogth Ben-

soria seria sorin soria

2w : Am  \Number| Mm | Number Mm

[ @ %gﬁ 3 . 470 0. 3456 6 0.4 + 0.2283
L0624 . . . 18T 5| 2680 6.4 (2096
0624 . . L1587 I . 13 L1084 (2988
. 0624 . .3 ‘
0624 . . 3RS L -4 . £
JOB24 ) . 1
. 0624 i Reiret . ’ . A -0824 . 1248

! Scgments 3 and § united,
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NATURAL CHECKS

Like many other injurious insects, dphis maidis is ordinarily held
in check by adverse weather conditions and the natural enemies which
prey upon it. Often, however, weather conditiens may be favorable
for its rapid multiplication where its natural enemies gre few in
number, and then severe injury may be expected.

Figrre 9 —Corepicle of nale Fierre 10 —Caudn of male
Al toidin Aphiy muidie

ADYERSE WEATHER CONDITIONS

As has been shown previously, both extremes of temperature are
detrimental to the welfare of this aphid. The aphids are unable
to survive the cold winters of the North as viviparae even on the
favored hosts. Less than 25 per cent were able to survive the un-
usual cold of 13° F., at Tempe, Ariz, in 1912. On the other hand,
the extreme summer heat in the Southwest reduces the size of the
nphids one-third to one-half, shortens the span of life, and greatly
curtails the number of young produced. )
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Hard, beating rains frequently destroy large numbers of the
aphids, a.Ithoung not so muny of them as of many other species,
because Aphis maidis is well protected within the plant.

Warm, humid weather is favorable to a fungous disease which
often causes the death of large numbers of these aphids,

INSECT AND OTHER ENEMIES

Aphis maidiz is attacked by a large number of natnral enemies.
In the United States alone the
known list includes 18 coceinellids,
7 syrphids, 2 other Diptera, 2
lucewing flies, 1 hymenopteron, 1
reduviid, and many small spiders,
severnl ol which have not been
specifieally  determined. Certain
small lizards and birds also occa- Fiaurn 11.—Hippodamia convergens: a,

. .. . b, H arva. (W
sionally feed on this inscet. Ao BP0 larva.  (Webster

LABYRILD HEETLES

Probably a large percentage of the species of ladybird beetles
can, and do at times, feed on Aphis maidis. Thirteen species have
been recorded as feeding commonly on this aphid. Two species in
particular, Hippodamia convergens Guer, Sﬁg. 11} and Ceratome-

gille fuscilabris Muls., are

ve? widely dlistributed

and are nearly always in
evidence during an aphid
outbreak. Both larvae
and adults of this group
feed on aphids and other
soft-bodied insects.
In 1912 Vickery ob-
tained the ladybird beetle
Chilomenes  sexmaculate
Fab. from India and at-
tempted to establish it
Ficvne 12.—Chrysopa onlifornica: A, Adult: B, Lhird near Brownsville, Tex., to
lnstar,  {Wildermuth) : Al ’.
help control this aphid.
The beetles fed readily on these aphids, but the attempt seems to have

failed, since no specimens have been recovered.
TACEWING FLIES

In the Southwest Chrysopa californica Coq. (fig. 12) is the most
important of the neuropteron group. The senior author has care-
fully worked out the life history and habits of this insect and shown
that it will eat from 75 to 150 or more mature aphids or from 400
to 500 aphids of all sizes during its lifetime. It feeds only during
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the larval stages, grasping an aphid and completely draining it of
its body contents before discarding it and taking another, Tn cage
work the adults were not observed to feed; they lived only two or
three days until the complement of eges was laid.

SBYRPHID FLIES

The larvae of syrphid flies form another important group of
natural enemies of Aplis maidis. Seven species have been recorded
as feeding on this aphid. Davidson (¥) credits Allograpta fracta
O. 8. as being chiefly responsible during certain years for the control

of A. maidis in the Impe-
rial Valley of California.
This species is also com-
mon_in Texas, Oklahoma,
and Kansas. Gther species
seem: to be more common
farther east.

INTEENAL PARASITES

The internal hymenop-
terous parasite Lysiphle-
bus festaceipes (Cress.)
(fig. 13) is probably the

most widely distributed
Fisore 13.—Lysiphlebus testaccipes {Cress}. {Web- and at the same time the

ster and Ihilllps) . N

most important parasite of
Aphis maidis in the United States. Nearly every colony of aphids
observed was found to have a number of infested individuals. While
the weather remains warm entire colonies are destroyed, but durin
the cooler weather the aphids are able to more than hold their own
with this parasite, as the temperature at which the parasite develops
most readily is somewhat higher than that required by the aphid for
rapid multiplication.

LIST OF INSECT ENEMIES OF APHIS MAIDIS FITCH

Coleontern : Diptern—Continuged.
Adalie bipunciata L, Syrphids—Continued.
Ceraiomeyiila fuscilabris Muls. Baccha clavaia Fab,
Goecinella novempotiele Hbst., EBupeodes volucris 0, 8.
Cycloncde rubripennis Casey Mesogrumme polite Say
Cyclonede sanguineg. L., Sphaerophorie cylindricn Say
Hippodamia convergens Guer. Syrphus americanug Wied.
Hippodamio glecialis Fab. Other Diptera—
Hippodamia parenthesis Say Aphidoletes meridionalis Felt
Hyperaspiz signanie Oliv, Leuenpis nigricornis Egger
Olla abdominalis SBay Lacewing flies:
Payliobory 20-maculale Say Chrysopa californica Coq.
Rodolia. cardinalis {Muls.} Chrysopa. sp.
Seymnus sp. Hymenopters :
Diptera : Lysiphlebrs testaceipes (Cress.)
Syrphids— Heinipters :
Ailograpta fracin Q. 8. Reduviolus ferus L.,
Alograpta obliqua Say
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CONTROL

TIME OF FLANTING

Since this insect does its greatest damage to late corn and sor-
ghums in the North and to late-planted barley in the South, it is
obvious that much can be accomplished in the way of reducing the
injury by early planting and by thorough cultivation, where pos-
stble, to husten the maturity of the crop. In the North early-planted
corn usnally is nearly mature before the aphid becomes abundant
enough to mjure the crop seriously. ‘The early crops are not so
suceulent as the later planted crops and are not so attractive to the
migrant forms. Early-planted barley is seldom hurt in the South,
n]tﬂongh the late planting is often seriously injured.

Any condition which causes the ¢crop to grow in a thrifty manner
will reduce the damage fromn this insect. Fields that are to be
planted to crops susceptible to injury froin this insect should be
well tilled, preferably by deep plowing and thorough preparation
of the seed bed, and they also should be maintained in a high state
ot fertility. Attention to these details will produce a raptdly grow-
ing crop and one that will outgrow much of the damage that may
be cuused by the feeding of these little insects. It is lack of this
thrift and rapid growth in late-planted barley that enables the
insect to cause serious damage in such fields.

PABTURING

In the South and Southwest barley is commonly sown in the fall
and pastured during the winter. This pasturing is of threefold ben-
efit, 1 that it supplies an abundance of green f?aed, causes a greater
tillering of the plant, and at the same time helps to control the aphid.
The aphid erawls deep into the whorl of the plant and is eaten by the
cattle along with its host plant. When thus located, the insect has
but little opportunity to fall from the plants while the stock are
grazing on them. Thus, even a heavily infested field may be almost
comypletely freed of the pest.

SPRAYING AND DUSTING

Although it is possible to kill many of the aphids on barley by
spraying or dusting with insecticides, the comparatively low value
of the crop and the high cost of the o(geraticm make this method

inaclvisable as an ordinary procedure. On the grain sorghums and
corn the aphids hide in the head and deep within the growing tips,
where it is difficnlt for ordinary sprays to reach them 1n an eflicient
manner.

SUMMARY

Aphis meidis was described by Fitch in 1856 and was confused
with (Aphis) Anuraphis maidi-radicis Forbes until 1891, when
TForbes showed the two to be distinet species.

Aphis maidis is quite generally distributed throughout the world
between the parallels of 40° N. and 40° 8.
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1t does its greatest danage in the United States when feeding
upon barley, grain sorghums, and corn, and in the transmission of
the mosaic diseases on sugarcane.

It is not known how or whether this aphid overwinters in the
North. It has been suggested that it may migrate from the South.

Cage records show the maximum number of generations to vary
from 9 in central Illinois to from 35 te 41 at Tempe, Ariz., and from
39 to 50 at Brownsville, Tex.

Maies are recorded for the first time (Tempe, Ariz.) and are illus-
trated and described herein.

This insect can be contrelled on corn and grain sorghums by carly
planting and on barley by carly planting and pasturing the infeste
fields in case of an outbreak.
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