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ECONOMIC IMPORTANCE

In Californis the Hessian fly (Phytophaga destructor Say) is of
economic¢ importance anly in wheat-growing regions near the coast,
where the influence of .the ocean is sufficient to prevent extremely
high- summer temperatures. (Fig. 1.) Although the quantity of
wheat grown in the valley portions of this region is being gradua’iy
reduced year by year, the many hilly sections now devoted to wheat
will doubtless continue so indefinitely, because they are mot well 4
adapted for other crops requiring intensive cultivation and which
otherwise might prove more proﬁtable_. Wheat is one of the most
dependable and suitable of the few crops which the hill farmers can

Ow. Coe .

According to statistics for 1921, the last year for which figures are
available by counties (1),? the annual value of wheat grown in the
coastal counties where the fly occurs, or is likely to oceur, is in the
neighborhood of $3,500,000. To this must be added the valpe of
the wheat cut green for hay, because the fly can reduce hay yield as

- —

1Tho author desires to acknowledge his Indebteduess to T. D. Urbahns, Margaret Mar-
ahatl, B. &: Thompson, Percy Bartlam, and C. C. Wilson for moch valued assimtance in
the course of the work reported.in this bulletin. Helpful criticlem of the manuseript has,
been: recelved from W. B, Hetme and W, R, Welton, end the material asalatance of 1. B.
Hoyt and family, on whose ronch many. of the observations and experiments were con-
dueted, 1s especia.'l!y'ap recinted. ’ ) .

3 Numbers -in itaHe In parenthesep refer to * Literature clted,” p. 205,
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well as grain yield. | No separaté statistics are available for wh\‘eat____&__-_.:;,q__

hay alope;-the-only figures: given being for-total grains cut ‘green”

for'that purpose. " Since wheat iz_the favorite grain-hay crop. it -

seems fair to estimate the annual velue of wheat hay produced in

the coastal counties as one-half of the, total, or $5,500,000, An esti-

-~ mated total 6f'§9,000,000 is, therefore, set s the valus of the crop
" which the Hessian fly may affect. o -

G e r e aoa 5w Wio B F

CALIFORNIA . .
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2FLY PRESENT BYr
NEVER ABYNOA

Fia. 1-—Kuown distribation of the Hessixg fiy i Californin

~Just how much this insect does reduce the vield is ie:éry difficydt -

\

to"detérmine because of the variability in its 4 undance in differint

localities, in different fields, anid even in different parts of the sane
field. Other factors slso are ‘iyolved, such as moisture and other’
meteorologicel conditions at critical vimes:in the life histories of tha:
imsect and its host plant, together with variations in soil and cultural
methods. It is abundant during practically every sesson in some’
localities within its range, and where it does occur in abundance it
can not fall fo cause injury, the character and degree of which wiil
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be discussed later, though the injury to the total crop liable to in-
festation is small. All things considered, a reduction of the crop
by one-half of 1 per cent seems a conservative average estimate,

A reduction of one-half of 1 per cent on the basis of a $9,000,000
crop would amount to $45,000, A loss no greater than this is negli-
gible, unless some cultural method of control can be found =hich
wouid add nothing to the expense of growing the crop, and which in
itself might inerease the yield. On the other hand, a greater loss in
the wheat crep appears to result during occasional years, as indi-
cated by a study of the few California records published since 1879,
by information obtained in talks with farmers, and by actual obser-
vation in the field. It thorefore is desirable that a practical method
of control be developed which the wheat grower may have at his
command, even though this be needed only occzsionally. Further-
more, when the study of the Hessian fly in California is considered
as & phase of a national problem rather thar as a purely local one,
it assumes greater interest and potential value. May there not be
some factor, such as parasitism, which keeps the fly under control in
California, and WhicE might be utilized to advantage in the Easterz:
States? May mot a knowledge of the effects of the California climate
ot the life habits and distribution of the fly help to solve the problem
of its control in regions where it is of greater economic importance?
Such questions, at least, should be answered, in order to complete our
knowledge and increase our ability to cope with the Hessian fly as a
national entomeological probleiu.

HISTORY

The Hessian fly has been present in California for many years,
though, as in the tase of its introduction into the eastern part of
the United States, the means by which it first arrived probably
never will be definitely known. ‘Wheat has been grown in California
since the first settlement, at San Diego in 1769, by the Franciscan
missionaries, gnd it is possible that the fly may have been introduced
from Spain by the original Spanish settlers, in wheat straw used
for packing. It is fairly well established that the insect was present
in Spain and in the island of Minorca early in the nineteenth cen-
iury and had been there for many years previous to that time (2,
p. 318). A study of the history of the Spanrish occupation, however,
has revealed no clues which would indieate the presence of the Hes-
sian fly in California during that period. It may not have been
introduced until after the ‘uflux of American seftlers began in
1826, or even until the transcontinental railroad commenced
operation in 1869.

The earliest authentic date of observation seems to have been
1879. Wickson (77) mentions this date in an interesting press article
on the fly. Woodworth (2, p. 812) reported it so abundant in 1885
in experimental wheat plots in Berkeley “as to vitiate the culture
and fertilizer experiments then under way.” He also published ob-
servations extending from 1885 to 1889 cn its abundance and on the
relative susceptibility to fly injury of different varieties of wheat
under test in plots during that time. .

Agitation in wheat-growing and trading circles over the discovery
of the Hessian fly in a field near Salinas City in 1899 moved Pro-
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fessor Wickson to write the article already referred to, in which he
states that the Hessian fly was definitely known to have been present
in California since 1879. In those days wheat was one of thi most
‘important export products of the State, and anything affecting this
crop affected a considerable portion of the population, rural and
urban, from the farmers to the crews of the clipper ships which
carried it abroad. Professor Wickson’s brief -but. excellent article
n]ppa,rently was designed to allay the fears, in the minds of many,
that the Hessian fiy was newly established in the region and was
threatening one of the main sources of incomae, o S

A note on the Hessian fl bzv Riley (9, p. 137), in the first’ voluine
of Insect Life (1888) reads, *For a long timg 1t was unknown on’
the Pacific coast, but during the past three yiars it has been quite
injurious in parts of California.” Koebele gii) contributed a note
to Insect Life in 1890, in which he says, “This insect has been
reported as being very abundant during spring (1889) in the central
part of the State, destroying most of the wheat aroun Mount Eden.”
Then he continues with seme interesting field and rearing notes,
mentioning parasites. oo :

Again, in 1891 Riley and Howard {10) record the receipt of -
puparis and adults from Mr. Koebele, who collected and reared them
from several species of wild grasses. They compared these speci-
njlens carefully with the eastern form and concluded that they were
identical.

The attention of farmers seems to have been attracted by serious
Hessian-fiy injur- in 1895 and again in 1899. Notes by Theodore
Pergande in the tiles of the Burean of Entomology record the receipt
in Washington, one in each of these Years, of wheat and barley in-
fested by FOecz'domm’a) Phytophaga destructor from two California
correspondents who wrote of serious injury to the swheat crop in their
localities. Apparently no further complaints of the fly in California
were received by the Burean of Entomology until 1915, when s report
of its abundance in wheat in Solano County, together with a request
for advice, was received from the county farm adviser, J. W. Mills,
T. D. Urbahns, of the bureau, verified the report and concluded that
en investigation of the California phase of this insect was advisable,
The author was detailed to the problem in 1916 and has followed it,
with some interruptions, ever since, -

SEASONAL HISTORY

The Hessian fly passes the long, dry Californis summer and fall as
2 puparium containing a quiescent Iarva {fig. 2), in the stubble and-
straw of the grain in which the larva matured during the previous
spring. The puparia, or “flaxseeds,” as they are commonly called,
remain during the summer in the identical location in the stubble and
straw that the young larvae oceupied while sucking their food from
the growing stems. Practically all Hessian flies infesting young
wheat originzte from the stubble of the previous season’s wheaf erop,
Barley, and perhaps to a slight extent certain wild grasses, may be a
minor source of flies. '

Pupation of the larvae which have aestivated in their puparia is
induced by the fall and winter rains, The time of the main pupation




G0 ¢+ THE HESSIAN FLY I¥ CALIFORNTA - 5

and the time of the cmergence of the flies from the stubble depend -
- -upon the rainfall and temperature of the particular season. The
main  emergence usiually begins in late February and continues -
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Fro. 2—Seasoual history of the Heéssian fiy in Californin

thronghout March. This period is characterized by semewhat higher
temperatures than those of December, January, and early February
and an abundance of moisture either from earlier or current rains,




6  TECHNICAL BULLTIN 81, U.'S. DEPT. OF AGRICULTURE
1

"There is no sudden, closely bunched emergence of all the adults dur:
ing & limited period of a week or 10 days, such as that reported to
oceur in the fall in the Tastern -States. Observations extend-
ing throngh eight seasons clearly indicate that abundart moisture is
necessary to cause general pupation, and that in addition the average
temperature must be above 45° F.  In ordinary seasons, when abun-
dant rains do not occur before December, even though there may be
heavy rains later, the average temperature becomes too low for pupa-
tion by the time there is sufficient moisture to stimulaie activity.
Pupation does not then oceur to any extent until the average tempera-
ture rises from the 45° to 50° average of December and January to the
50°, or higher, average of late February and March. Qccasional indi-
viduals may pupate earlier in warmer exposures, or during short
periods of warmer weather, and emerge as adults; and sometimes a
few eg%f may be found on young wheat. The prevailing low temper-
atures, however, seem to prevent the development of larvae from these
eggs and also to check the growth of the wheat,

When the main emergence of adults from stubble in early spring
oceurs, the infestation of the young wheat of the current sesson is
begun. Oviposition commences in February, becomes heaviest in
March, and extends into April By late March the earliest indi-
viduals of the new generation begin to form puparia in the young
wheat. This first generation develops under the leaf sheaths at the
bases of the stems, before the wheat has begun to form joints, and
usually is the main brood of the year. A certain proportion of these,
varying in different yeavs, pupate at once and begin emerging as
adults by the latter part of April. TUsually, however, the larger part
of the first brood in the young wheat become quiescent larvae inside
their puparia and remain so throughout the following summer and
fall. Those which do pupate at once emerge as adults during late
April and early May, and give rise to a minor second generation in
the same wheat., This generation develops into the pupsria to be
found at the joints of the stems, as all of the wheat is beginaing to
joint by late April. Practically all of the individuals of this second
generation have formed puparia by the end of May, when the dry
sumimer season has set in, and the activity of the Hessian fly ceases
until the rains of the following winter.

Unusual conditions, however, may cause varigtions in the seasonal
development of the fly. Some abnormally early pupation is often
induced during the winter months by rainy periods sccompanied by
mild temperafures. Heavy rain early in the fall, before winter
temperatures prevail, may also cause general pupation. Such an
instance occurred in the fall of 1918, when 6 inches of rail fell during
September 12-14, this being followed by several weeks of high
humidity and mild temperatures. Pupation began at once, and most
of the flies which had sestivated in the stubble since the previous
spring emerged during lete September and throughout October. The
seme rain which roused the flies to activity ceused vigorous growth of
volunteer wheat. This Immediately became very heavily infested
with the new progeny from the out-of-season adults. These larvae
matured to the puparial stage before cold weather, and, since no
cultivated wheat had been planted at the time of the abnormal fall
emergence of flies, this extra brood in the volunteer wheat served to
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earry the species over the inictive winter period. The customary
emergence of adults took place the following February and Mareh,
the adults coming mostly Eam the fall brood in the volunteer wheat
instead of from the pupsaria in the siubble of the previous year’s
crc;g as is usually the case. _
third varistion in seasonal history is the effect-of rains and

humidity in late spring. In April, 1925, rainfall and humidity were
considerabigl above normal, causing the pupation and emergence of an
unusually high profortion of the first brood of flies in the young
wheat durin'? late April and early May and the development of an
abnormally large second brood at the joints of the culms. As a
result, & majority of the aestivating puparia surviving the summer of
1995 in the stubble were located at the joints rather than at the bases
of the stems. Under such = condition the burning of stubble should
be more effective than usual in reducing the number of flies emerging
the following spring to infest the new crop. o

Incident to tﬁe location of most of the aestivating puparia at the
joints, parasitism became unusually high during the summer of 1925,
Eupelmus allynii being especic'ty noticeable. Evidently the puparia
at the joints are more accessibie to ovipositing parasites than are those
at the stem bases below the surface of the soﬁ.

CHARACTER OF INJURY

Injury to the plant is caused only by the feeding of the larva.
After hatching from the egg, which is deposited on the upper surface
of a leaf blage, the larva crawls down the blade and underneath
the leaf sheath. When it has reached a position near the junction
of the leaf sheath and the stem it begins feeding by sucking the sap
from the stem. It does not move about after feeding has begun, but "
forms its puparinm without changing location. Culms whiich become
infested while small cease to grow, assume an easily recogmizabie,
characteristic appearance, and eventually die. The attack of a single
larvs is sufficient to cause the death of a small culm; although usually
the adult lays severa) eggs on a single blade and several larvaé mature
coincidently in the same stem. Older stems which have begun to
form joints by the time infestation takes place usually complete
their growth and mature seed. - o

The degree of injury caused by the first or main generation, which
attacks the wheat while it is still small, is diffieult to determine. The
sctual reduction of the yield is not in direct propertion to the per-
centage of culms killed. * A résumé of many fleld exarhinations indi-
cates that a large portion of the culms would die for lack of moisture
if they were not Eilied by the fly. In California wheat ordinarily
sends up many more culms than are able to mature, and it seems to
be largely a question of whether the surplus culms will succumb to
the fly or to drought. An infestation occurring in 1923 will serve
as an illusiration. Examinations were made in a2 field of young
wheat at points 100 yards apart on a line extending directly into
the young wheat from the adjacent stubble field which was the source
of infestation. One hundred culms were examined at each point
with the results shown in Table 1.
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Taprte 1—Relation belween degree of Hesslan-fiy infeslation in young wheat
and drought injury, Birds Loending, Calif., 1928 ~

Cnlms matured or killed hy | Culma died from drought or

Hurmolita grandis _ . kfltad by the Sy
Diatancs from souroe of Infestation .
Elllad by Died Kliled
Matured {Harmolitl Total from bythe | Total -
grandis ~drought iy i

FPer cent | Per cend | Per cent ) Per cent | Peroend | Fer cent
x 54 - 48

30 yards 3 R -]

109 yards - 48 48 23 24 Jiv4
20 yards 48 4] 48 £ 2 52
300 yards 58 o 58 40 2 L]

These results lead to the inference that even in the almost total
absence of the fly the effect of drought alone is about the same as the
combined effect of the first brood of the fly and drought where the
fiy is abundant. For the purpose of comparing fiy injury in the
different spots, it seems permissible to combine the culms killed by
other insects with the matured uninfested culms. The totals thus ob-
tained are fairly constant. In other words, whether 38 per cent
of the culms are killed by the Hessian fly or only 2 per cent, the
number of culms matured gy the planis remains nearly the same. In
the second part of the table it will be seen also that the total number
of culms killed is nearly constant, whether the cause of death is
the Hessian fly or drought.

Although the situation just described is fairly typical of ordinary
years, it can not be assumed that injury by the f?rst generation of the
fly is always negligible. A season, or a series of seasons, particularly
favorable to the insect might permit the infestation to increase to the
point where the number of culms killed would be greater than the
number killed by drought in the absence of fly infestation, though
such an occurrence has never been observed. A very heavy infesta-
tion uccurred in 1920 in the Montezuma Hills district near Rio Vista.
In one field in this district two men were obliged to hunt diligently
for two whole days to obtain two wheat plants free from the Hessian
fly. The counts of 100 culms each, given in Table 2, show the degree
of injury prevalent throughout the 200-acre field. The fact that the
infestation in 1920 was unusually heavy is clearly shown by compar-
ing Table 2 with Table 1, an example of a more typical infestation
which occurred in 1523. Tt seems clear from these and other observa-
tions that the Hessian fly was decidedly more abundént and infesta-
tion by it more general in 1920 than usual.

TasLw 2—-Degree of infury from o 'i‘aeaw infestation of the Heaslan fly preva-
lent in a 200-acre field, Birds Landing, Calif., 1920

Cuims
CRor® | infegeq, | Gulms [ e
o giid mn A
Lots of 100 cuims ench infosted, | dled §ill§d bar
matured m ¥ | matured
drought

Per cent y Percent | Pry cent | Per cent
18 0 48 4
NG e e ma oot c e m—mmam e e e mmm ]| 22 14 44 0
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Fven in this instance it is doubtful whether the first brood actually
killed a greater number of .cultns than would have succumbed to
drought n the absence of fly infestation. As shown in Table 2,
10 per cent or more of the culms were killed by drought in addition
to those Lilled by the fly. This fact would mdicate that the first
brood did not prune the plants quite to the point where there would
be sufficient moisture to mature all the uninfested culms, and also
that the fly-killed culms would have been drought-killed if the fly
had not been present.

There are at least two ways, however, by which the first brood of
flies may reduce the crop—girectly, by infesting all culms of some
plants and preventing any of them from maturing, and, indirectli, by
becoming the source of an abundant second brood in the same wheat.
Scattered plants killed entirely by first-brood flies may be seen in
heavily inﬂested spots nearly every year. This loss is largely offset
by the common custom of heavy seeding to allow for loss of plants
in various ways. At the same time the farmer who seeds heavi y for
this purpose suffers a loss t least equal to the value of the extra seed
used. The first brood is of indirect importance because the size of the
second generation, which does definitely reduce the crop, depends
on the magnitude of the first, from which it originates. Thus, indi-
rectly, the first brood becomes a source of ultimate injury to the
crop, the degree of which depends on the size of the first brood of
emerging adults and this in turn is subject to the meteorological
factors which control the amount of spring emergence of flies from
the first-brood puparia.

The injury resulting from the flies of the second generation and
the later stragglers of the first generation is more readily determined.
It is of two types: (1) Reduction in the weight of grain produced
by infested culms, and (2) breaking over or lodging of mature stems
at the point where they have been weakened by the invading larvae.

Stems infested at joints ordinarily succeed in maturing. The
writer has not attempted to determine the reduction in yield caused.
by this type of infestation. The figures given by Hill and Smith
(4, p. 72) on this point indicate an average loss under Pennsylvania
congitions of about 25 per cent in weight of grain in culms infested
at joints as compared with grain in uninfested culms. In the fly-
infested districts of California the proportion of maturing culms
infested in this manner varies greatly, the average being about 30
per cent and the maximum observed 63 per cent. Assuming that
the effect, on the yield, of larvae developing in joints is as great
in California as in Pennsylvania, the crop as a whole would be
reduced 7.5 per cent, or in the neighborhood of 2 bushels per acre,
by this type of injury if 30 per cent of the culms sustained a loss of
25 per cent in weight of grain. At the same rate the maximum ob-
served infestation of matured culms would result in a crop reduction
of 15.75 per cent, or approximately 4 bushels per acre.

The breaking over of straw causes some loss of grain at harvest,
though grain so lost is reeovered as feed by grazing stock, either in
the form of grain or in that of pasture after the grain has sprouted.
As shown in Table 3, data indicating the quantity of grain lost
through the bresking over of straw were obtained mm 1924, From
general observations it is the belief of the author that the lowest of

1678°—28——=2
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thesa fizures (that for area No. 1) represents rather mora tharn-the
average loss from thig source. -Only those heads were counted which
were' so close to the ground that théy, presumably, could not be
collected by the harvester, : ' - '

“TavLe 8~-Lose of whe&t beecanse .of f,allen; heods a‘esuu_inb from Hessian fty
. injury, Birds Londing, Oalif., 1924 R -

. © | Welght
Areas of Lsquare yard . - | ¢ gulo

‘Thus there are three ways by which the Hessian fly sy reduce
the yield of wheat: (1) By killing young culms or entire plants
early in the season; (2) by reducing the weight of grain in culms
infested at the joints (although having.completed their growth);
(8) by loss of grain in heads that fell below the level at which they
can_be picked up by the harvester. The total loss from all these
sources appears to be of no great conséquence in. ordinary years, but
in seasons particularly favorable to the fly the crop may be greatly
reduced by this insect. .

DEVELOPMENT

The developmental steges of Phytophage destructor have been
fully described by a mumber of writers, particularly by McColloch
{6), whose studies. were made in Kapsas. It seems unnecessary to
repeat these descriptions in detail, since observationms under Cali-
fornia conditions indicate that the stages sre the same as in the
Eastern and Middle Western States. It may be of value, however,
to record such supplementary and corroborative observations as have
been made during the course of the present study. :

__ THE EGG _

The incubation period of the egg was observed in California to
be from 6 fo 12 days with the temperature averaging from 50° to 56°
F., as shown in Table 4. ' '

Tanrg 4.~—Incubation period of the Hessian fly at Berkeley, Calif., in 1919

Number observed Environment Datolaig]  Date | foropese | Focuba-
(i1l o OVIron. i} al m - {+1
i I;atched sture | perlod

) °F Dayzr
Potted plants in outcdeor shelter Feb. ¥ | Feh. 17-19
Not stated, probahly same ns above Apr. 18 | Apr. 24
L TR do Apr., 25
e Jemdoo| Apr, B

I_Observed by M, C. Lape, .
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The temperatures recorded in Table 4 are the monthly averages
ag:given in the reports of the University of California weather station
locuted about 300 yards from the laboratory, and serve only to give
@ general idea of the prevailing temperatures during the time these
observations were made. A study of the weather records, how-
ever, reveals that the average temperatures during the incubation
periods must have been approximately the same as for the entire
month. The temperatures in the open-air shelter containing the
cages were probably somewhat higher than those given in the table.

That this insect does not re{))roauce parthencgenetically might be
inferred from the following observations: Of two unmated females
observed, one laid a few eggs on a young wheat plant whereas the
other did not, although ovipositing in a vial shortly before she died.
No larvae developed in either case, and the eggs finally became dry
and shriveled. The fact that these flies did not oviposit readily
might also be considered as evidence that parthenogenesis does not
cccur. Although the few observations noted in this paragraph can
not be considered at all conclusive, they certainly suggest tho absence
of parthenogenesis in this species and may serve to substantiate evi-
dence from other sources.

The time of day when the eggs hatch was observed in a few in-
stances on potted plants in an unheated room. In every case hatch-
ing occurred between the hours of 5 p. m. and 8 5. m. These and
other more general observations woulg indicate that the larvae nor-
mally hatch from the ege and make their way underneath the leaf
sheaths during the cooler parts of the day or during the night.

THE LARVA

Two newly emerged larvae were observed in the laboratory while
making their way down the leaf and under the sheath. Both made
this journey during the earlier part of the night. One larva emerged
at 8.30 p. m. and spent 414 hours in crawling a distance of 15 milli-
meters to, and underneath, the ligule where the leaf blade joins the
sheath. ¥For more than half of this period the larva was motionless;
during this time it might have been feeding, although this seemexl
very doubtful. The actual time consumed in crawling was only 1
hour and 35 minutes, the distances covered befween rests ranging
from 8 to 6 millimeters. The movements were sluggish, as will be seen
from the fact that when the larva was most active it reguired 2 min-
utes to crawl 0.35 millimeter, a distance equal to its own length,

The other larva had emerged between 5 and 8§.30 p. m. and had
moved 3 millimeters down the leaf when first observed. Three and
one-third hours more were required for this larva to crawl the
remaining 12 millimeters to the ligule, surmount this obstacle, and
disappear under the sheath. Both of these larvae followed one of
the grooves in the leaf while crawling but sometimes crossed from:
one groove to ancther. Their rate of locomotion agrees substan-
tially with that reported by McColloch and Yuase (8).

The developmental period of the larvae has not been exactly deter-
mined. Fielg observations, however, show that the usual period
from hatching to formation of puparium is from two to thres weeks,
which agrees with Mc¢Colloch’s findings in Kansas,
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'he lengih of the pupal period 1 difficult to determine becavse the
transformation occurs inside the puparium. The pupal period of 20
individuals was ascertsinad either by removing the larvae from their
puparie or by opening the puparia just enough to see the larvae and
placing them in small glass vials for observation. The mortality in
puparia this opened for observation was very high, but there seems
to _'Ee no regson for believing that the observed pupal periods of those
which survived were abnormal, when compared with those’ roughly
determined by field observations. o '

A variable prepupal period of several deys’ duration was observed.
During this period the cephalic end of the larva assumed a translu-
cent, rounded appearance, after which the head and thorax finally
formed, and the last larval skin, bearing the sternal spatula or
“breastbone,” was cast off. The average pupal period of 20 individ--
uals was 22 days, with a range from 9 days during warm ‘May weather
to a maximum of 40 days during midwinter at Snacramento.j _ .

THE FUPA C oo

THE ADULT

In order to decide definitely the identity of the California species,
a number of the adults, reared from wheat collected in several widely
separated localities in the State, were submitted to E. P. Felt, who
identified all of them as the true Pllytephage destrucior of Say.
Results of field observations indicate that the adult flies are active
only on comparatively warm days when the wind movement is slight.
On cold, windy days they have been found resting quietly close to
the ground among straw litter. When active in young wheat, the
ovipositing adults fly among the plants in short, steady, rather rapid.
flights. ’fﬁey do not oviposit indiscriminately but usually favor the
new tender leaves and smaller culms. When a female alights on 4
leaf blade she quickly crawls to the upper surface, faces toward the
tip, lays a few eggs within 2 minute or less, and flies'away. The egEs
are placed end to end in short rows along grooves in the leaf surface.
When a leaf upon which the female alights does not suit her fency
for oviposition she leaves almost immediately on another short flight.
The adults do not always stay close to the ground, however. Dur-
ing the spring of 1922 two boards, 10 feet long and 15 inches wide,
were covered with a sticky material and erected at the edge of'a
stubble field from which Hessian flies were emerging. Females were
caught at all heights on these boards up to 9 feet from the ground. Tt
is tﬁerefore evident that they often rise some little distance from the
vegetation: That no males were caught on the boards may be an’
indication that they,do not migrate. Possibly they are held in the
stubble by the attraction of newziy emerging females, S
The distance traveled by the flies evidently depends on their
proximity to food plants, meteorological conditions, topography,
and obstacles, such as dense woods or waste lands, encountered.
Since it is the custom in California to plant wheat on clean summer-
fallow, the source of infestation in a field is nearly always stubble in
some neighboring feld. The relation between the outside source of
the flies and the extent and intensity of infestation in young wheat
planted on summer-fallow, therefore, can be traced fairly well, As
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would be expected, the results of many field examinations show that
infestation in a field of young wheat decreases steadily as the dis-
tance from the source of infestation increases. Table 1 (p. 8)
serves as an illustration. It will be seen from this table that the
percentagn of infested culms decreased from 38 st a point 30 yards
om the source of infestation to 2 at 2 point 800 yards from the

stubble. In snofher field which was becoming infested from stubble
in -the adjoining field, the percentsge of culms bearing eges was
determined by examination of 100 culms 2t intervals on a line extend-
ing dirgetly- into the young wheat. The infestation dropped off
steadily from 48 per cent adjacent to the stubble to 22 per cent at
a pdint 100 paces into the young wheat and to less than 1 per cent at
points approximately one-half mile from the stubble.

- That the direction of the prevailing wind, during the period when
flies are sbroad, evidently influences the direction and distance of
.their migration is indicated definitely by the resulis of a survey of
14 fields made in 1922 in the Montezums Hills district. The pre-
vailing wind in that locality is southwest. Where the flies had
originated from stubble on the south or west sides of fields of young
wheat, the infestation averaged heavier and extended farther into
the field than was the case where the source of infestation was stubble
on the north or east. Where variations occurred they could be
Plausibly accounted for by the effect of local modifying factors such
as ftopography or windbresks, and it seemed clear that the flies
tended to drift with the wind,

[y

FOOD PLANTS IN CALIFORNIA

‘Wheat is the favorite food plant of the Hessian fly, though it in-
fests and matures successfully in barley and rye. Flies which ap-
parently are identical with the true Hessian fly have also been reared
from certain wild grasses. Although always very scarce, a careful
search usually results in the finding of puparia in Elymus triticoides
in California. Adults which expert dipterologists have been unable
to distinguish definitely from the true Phytophaga destructor were
reared from this grass, and the Hessian fly has been reared on Z.
Iriticoides at the Sacramento laboratory. Koebels (5) reported it
to be present in several grasses in ‘California in 1889, mentioning
specifically E. americanus and Agrostis sp. So far as practical con-
trol of the pest in wheat is concerned, however, wild grasses are neg-
ligible as @ source of infestation in this State, though they may
serve s g perpetual reservoir to prevent extinction of the species
where wheat is not grown. Neither does rye need further discussion,
since 1t is not grown to any extent in the region where the fly occurs.

The relation between barley and the Hessian fly requires more
considerstion, since barley is -tﬁe most important grain crop in Cali-
fornia and the Hessian fly propagates readily in this grain. Material
injury to barley by the fly is rare, however, only one geriously dam-
aged field having been seen by the writer. In this case the barley
was planted on wheat stubble which contained 2 great many live.
puparia from the previous season, and both éultural and meteorolog-
teal conditions were very favorable to the development of the insect
in the barley. '
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~ Given 2. choice, the fly will éviposzit-on wheat in preference to . - -
barley.. One instance illustrating this point. particulerly well was
observed in a field half of which was planted to barley and half to
wheat. Counts in adjacent areas showed 21 out of 106 culms of the-
wheat infested, and 2 out of 100 culms of the berley infested. Other.
observations indicate that the light barley infestation. was.due to two
factors: (1) Lighter oviposition on the barley, and (2) -the less
favorable charecter of this grain for successfulydevelopment of the .
larval stages of the insect. y S VR
Barley is an important factor, nevertheless, in carrying the Hes-
sian fly through a series of years when this crop. is planted to the-
exclusion of wheat in a whole distriet, as in the lower Salinas Valley,
where a light infestation of the fly is alweys present in it. Occa-
- sionally, hewever, some farmer will plant wheat for a year ot two;
and whenever this is done tlie rqpid increase in intensity of fly.
infestation in this crop, as compared with that in ‘the: barlyy, 35
very striking. _ e
_ l\%:aither cultivated nor wild oats are ever sttacked. Occasionally
eggs may be found on the leaves of young oat plants, but no later:
stages of the fly have ever been discovered, either in the field or in
the laboratory, where attempts have heen made to rear thé insect
on oats. B

PARASITES

Six species of parasites, all of them chaleidoids, -hﬁve been reared
from Phytophagae destructor in California, viz, Merizus destructor
Say, Eupelmus allynéi French, Eg?t_emmaiw micropterus Lind,

T

d

Pseuderinerus mayetiolae Gahan telus mayetiolae Gahan, anti:
Calosota metallica Gahan. The first thres species-named are com-
mon throughout the United States, but P. mayetiolee occurs only in
California, and the last two oceur only on the Pacific coast, so far as
known. 2. mayetiolae, E. mayetiolge, and C. metallica are new
species reared in the course of the present work. All of the species
oviposit in the puparia of the host during the spring and summer.
From 5 to 50 per cent of the puparia are killed by parasites each
year, the percentage varying considerably in different localities and
different seasons. During the years 1916-1925 parasitism was not the
dominant factor in limiting the abundance of the Hessian fly. '

The distribution of the species of parasites is neither uniform nor
constant. Pseuderimerus mayetiolae is by far the most-important
both in numbers and in distribution. Merisus destructor comes next
in importance, being widely distributed threughout the infested area
but rarely as abundant as P. mayetiolae and more variable in num-
bers. Eupelmus. allynéi is found commonly wherever the fly oceurs
and often is more numerous than Merisus destructor. Eutelus may-
etiolae 1s the predominant parasite in the Salinas Valley and -seems
to be limited to that locality. Calosota metallica probably is pri-
marily a parasite of the wheat straw worm, Harmolita grandiz Riley, -
but was reared from the Hessian fly by M. C: Lane. It is rare as a
parasite of the Hessian fly. Hupteromalus micropterus is also rare
but has been reared from widely separated localities. The life his-
tories of these parasites have been fairly well ascertained.

One of the most important parasites of the Hessian fiy in the East
is Platygaster vernalis Myers, This species does not oceur in Cali-
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' fornie so far as is known, and on account of its radically different
habite might become a valuable addition to the species aiready pres-
ent. In cooperation with W. H. Larrimer, in Indiana, 527 at{ ts of
P. wvernalis were liberated at Birds Landing, Calif., ir the spring of
1922. The conditions were favorable for oviposition by the parasite
in the field where they were turned loose, and they set to work at
once. During the following summer it was determined that the
perasite had matured successfully in about 1 per cent of the *host:
puparia, ir. the spet where the original adults were set free. Later.
in the season, however; all of the specimens found by dissection of
prparia were dead. - o

In the fail wheat was again planted in the plot where the original
adults of P. vernalis were liberated, in order to provide a con-
venient supply of Hessian flies for the parasite to attack the folow-
ing spring, should any of them survive and emerge from the old
wheat, A total of 2,843 puparia from this wheat were dissected dur-
ing the summer of 1923, without finding any trace of P. vernalis.
It seems likely, therefore, that no adults of this parasite emerged and
oviposited in 1923. It is possible that P. vernalis has survived in
very small numbers since its intreduction in 1922, but this is doubtful.
because it has never been recovered in the dissection of thousands of
puparia from the vicinity of the original liberation. .

Sther liberations of . vernalis, totaling about 2,000 adults, were
made in the spring of 1925. Field conditions were much less favor-
able than in 1923, however, for a successful introduction, and no

rogeny of these adults were discovered in host puparia collected
gurmg 1925 drom the spot where the liberations were made.

METEOROGLOGICAL CONTROL

EARLY SFRING MORTALITY

. Periods of dry north wind often occur during the early spri
when pupation and emergence of the flies are In progress. Such:
winds are noticeably detrimertal to their activities. Emergin
adults evidently can not travel and oviposit readily, on account o
the velocity and drying effect of these winds. Newly haiched larvae
oceasionally have been found dead on the leaves, where they had
become desiccated before they could reach shelter under the leaf
shesth. Pupae in the stubble are also dried up and killed.

An instance of the killing of pupae in this manner was observed in
the spring of 1924 in a field where dissections of 100 puparis -were
being made every fortnight. -Before February 4 about 25 per cent of
the puparia were alive and about 2 per c2nt contained dead pupsae
from the previous spring. Active pupation began in late February,
and by March 1 most of the live puparia contained pupse. Three of
the 100 puparia dissected on February 27 contained dead pupae., The
next dissection, on March 14, showed an increase of 12 per cent in the
number of puparia containing dead pupae, and this percentage held
fairly constant throughout all later dissections. Several days of
strong, dry, north wind occurred between February 27 and March 14,
and the drying effect of this wind is thought to have been responsible
for the mortality of the pupae, since similar records mede in previous
years show no such striking mortality at this season. The sipnificance
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of such an occurrence. will be seen when it is redlized thr only about
85 per cent. ¢f the total number of puparie in the stubble fiad survived
the previous summer. As this 25 per cent was mostly in ths pupsl
stage, the sndden increase of 10 per cent in dead pupae from the
Erevious 2 per cent average to the later 12 per cent average must -
ave been made at the expense of the 25 per: cent total of puparia
previously alive. Since 10 per cent is two-fifths of 25 per cent; it
seems clear that the rumber of living puparia must have been reduced
algm:lt two-fifihs, or 40 per cent, through the desiccating effect of the
wind. - : :

SUMMER MORTALITY

The chief factors determining the regionsal and annual abundance
of the Hessian fly are evidently the degrees of heat and humidity
prevalent during the summer. It is impossible to determine from
field observations how much individual effect each of these factors
has on the welfare of the aestivating larvae inside-their pupariw
The fly is not present in any material numbers in the interior vaileys,
although its host plants are grown widely in these districts. In some
places wheat and barley are grown throughout unbroken areas ex-
tending far into the interior from the coastal areas where the fly is
abundant, and there is no apparent reason other than climatic fac- -
tors to prevent this insect from spreading inland. In fact, a very
slight infestation has been traced up the east side of the Sacramento
Valley as far north as Chico. Since a few individuals have bheen.
able to survive the summer heat and drought in this region, the
same thing may be true of the west side of the Sacramento Valley,
the San §oaquin Valley, and the upper Salinas Valley. Rather
extended search for the fly in these sections, however, has always
resulted negatively, and one is forced to the conclusion that the
Hessian fly is very rare or entirely abseni in the interior regions,
where the summer heat is not strongly modified by the direct cooling
effect of the moist ocean winds.

From 25 to 75 per cent or more of the aestivating larvae become
shriveled and dry ipside their puparia every year, even in the dis-
tricts more favorable to the fly, the percentage thus affected varying
in different years and in different exposures. No cause other than
simple desiccation by heat and drought has yet been connected with
the death of these larvae. A notable instance of the desiccating
effect of a sudden rise in temperature and decrease in humidity
was observed in 1917 at Benicta. During the period from June
15 to 20 the temperature rose much above the previous maximum of
92° F, for the season at the Martinez laboratory, 5 miles away.
Temperatures of 100° to 105° were recorded every day and were ac-
companied by very low humidity, the dew point being reached only
once during the period. The effect of the sudden hot weather on the
larvae in puparia was brought out strongly in data obtained by dis-
section of puparia taken from a field at Benicia periodically through-
out the season. Repeated examinations of puparia in lots of 50 to
100, before the hot wave, showed approximately 80 per cent to con-
tain living larvae; whereas similar dissections immediately after-
ward and at frequent intervals throughout the summer showed =z
sudden drop to approximately 20 per cent containing living larvae.
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At the same time the percentage of puparia containing dry, shriveled
larvae rose from none, before the period of extreme heat, to approxi-
mately 50 per cent immediately thereafter and throughout the
summer.

ARTIFICFAL CONTROL
BURNING STUBBLE

The fact that stubble of the previous sesson’s crop is the chief
source of flies infesting young wheat leads at once to the assumption
that burning the stubble before the flies have emerged will eliminate
the pest. This conclusion is not borne out by field obgervations. In
the first place, the stubble of wheat. cut for grain is never all burned
to the ground, and that of wheat cut for hay is too short to burn.
Strips and patches which escape the fire, for one reason or another,
are always present in burned-over fields. In the second place, re-
peated observations in such fields show that the majority of live
puparia are not affected by the fire, because they usually are located
in the plant crowns below the surface of the ground. Stubble does
not burn below the soil surface even in the extremely dry fields of
California. For example, in one burned-over field 100 plant-crowns
of unburned stubble and 100 plant-ecrowns of stubble which had
been burned to the ground were examined. The sample of unburned
stubble contained 39 living puparia whereas the stubs of the burned
plants contained 39 living puparia. To substantiate the vesult of
this examination it may be stated that this field actually was the
source of a heavy infestation in an adjacent field of young wheat
the following spring. Of course, burning the stubble is of value
to the extent that it destroys most of the puparia located at the
joints; but hundreds of examinations show that in ordinary sessons
live puparia are much more numerous in the plant crowns below the
soil, where fire can not reach them, than they are in the above-
ground portion of the stubble.

BURYING STUBBLE BY PLOWING

In the eastern part of the United States one of the principal con-
trol measures in use against the Hessian fly is the burying of stubble
by summer plowing, to prevent emergence of the adults, In Cali-
fornia, however, summer plowing is impracticable because of the
hard, dry condition of the soil at that season, Not only is plowing
difficnlt, but the lumpiness of the soil when plowed dry prevents
thorough covering of the stubble. Another objection to plowing as
a control method is the fact that this method of breaking the soil
has been largely superseded in the fly-infested grain districts by
shallew tillage with cultivators. The farmers have found this shal-
low type of cultivation better adapted to profitable grain raising on
the prevalent heavy clay and adobe soils, under the present conditions
of extensive farming and of limited labor supply.

Plowing down the stubble during the winter, after the first rains
have moistened the soil and before the flies have emerged, no doubt
would eliminate a considerable proportion of them. The rush of
planting and of cultivating fields to be summer-faliowed, however,
during the limited periods availablé between rains makes plowing
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at this time generally impracticable under the system. of dry farm-
ing made necessary by the peculiar California conditions. Too
many factors are involved to make a change advisable in the current
farming methods for the sole purpose of combating the Hessian fly,
as long as the injury from this insect remains at its Ppresent stage.

To gain some idea of the actual Gapth to which it is necessary to ~
bury stubble to prevent emergence of the flies, puparia were buried °

at various depths under heavy soils in & series of flowerpots. In .

some. pots the soil was left loose and in others it was packed. Some
were kept moist and others were allowed to dry. Xdults escaped
readity through 3 inches of loose, moist soil and through 1 inch
of tigKtly pacied soil which had dried and cracked. The ability of
flies to emerge throngh soil undoubtedly varies considerably with the
depth, character, tiltfx, and degres of moisture. The experiment just
cited, however, indicates thaf stubble containing puparia must be
dse fy and thoroughly buried in order to prevent emergence of
adults, :

The flies in the pots left the pupsris ‘and made their way to the
surface of the soil in the pupal form. In nearly all cases where
adults emerged in the pots their discarded pupel skins were found
partly protruding from the soil ; and when the soil was-examined at
the end of the experiments several dead pupae were found an inch or
more from the puparia,

SUMMER CULTIVATION OF STUBELE

In the course of dissections with other objects in view it was often
observed that a higher proportion of puparia in the upper portion
of the stubble were dried up than was the case with those down in

the ﬁlant crowns below the ground. To obtain further information

on the effect of dessication on the pupsrie, when the stubble is com-
pletely ex-ﬂosed to the open air, examinations were made in late sum-
mer and the percentage of live puparia in standing stubble was com-
pared with the percentage alive in stubble which had been lying com-
pletely exposed on the surface of the ground. In all cases the
percentage of live puparia in uprooted stubble was much lower than
in standing stubble, and the percentage of dried-up larvae much
higp}‘)e{).l The records made in seven different fields are summarized
in Tuble 5. '

TaBLE 5-—Relative percentages of living puparia in stending end in uprooted
stubble in seven fielde in various localitics in Calfornia in 1916, 1917, and
1520

Btanding siubble Uprooted stubble

Nuember | Contala- | Contain- | Number | Gontain- | Contala-
af stubs | 1ng live | iog dead | of stubs ing Yive | ing dend
examined; puparia puparia ! puparla.

Per cent

Birds Landing

# Not determined,
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- It will be seen that the courts in' Table 5 show an averzge of only
‘about one-fifth- as many ‘puparia_surviving the summier in the up-
 rooted.stubble as in the standing-stubble. s.'.‘1:19 ising
lead to = practical cultural meétliod of Gontrol; therefore, d
the summers of 1917 and 1918 four field experiments were carried
out with disking and harrowing te th sw the stubble out upon the *
surface in,early summer. In 1917 practically all of the puparia were
Kiiled in the.stubble which was completely uprooted and e .
The method: of cultivation, double-disking, fziled to dislodge and
throw out a considerable proportion of the stubble, however, and
live puparia were common 1n this and the buried stubble. The trials
in 1918 were less promising, and though there was a decidedly smaller
proportion -of live puparia in uprooted stubble than in standi
stubble, the percentage killed was not sufficient to prove a practical
control. This result was probably due to the compsaratively low
maximum {emperature during the summer of 1918, At any rate, it
was shown that summer heat and drought could nct always be
depended upon £o kill a sufficiently high proportion of the puparia
in exposed. stubble to effect practical control. _

. It was learned from the experiments that the problem of thor-
oughly uprooting and -eér]gosing the stubble is not so simple as it
would seem. Double-disking was not sufficient, nor was double-
harrowing with spring-tooth harrow, which was tried on one plot.
The best of the three methods tried was double-disking followed by
spike-tooth harrowin%e though this was not really satisfactory.
Burning the stubble before the cultivation would have made the
operation more effective.’ All of the information at hand leads to
the belief that in most years the summer heat and drought would
be effective in killing the puparia in uprooted stubble, and perhaps
at some future time, under more intensive farming conditions, sum-
mer caltivation to kill the Hessian fly will be more practicable. At
' ¥resent, however, conditions do not warrant its general use, for the

ollowing reascns: (1) The difficulty, especially in heavy, hard-baked
soils, of throwing all the stubble out on the surface with the imple-
ments now commonly at hand; (2) the possibility of failure of the
weather to do its part; and (3) the likelihcod that the cost of the
operation would amount to more than the average annual loss
caused by the fly, ' :

SPRAYING STUMBLE TO KILL FUPARIA

Spraying stubble to kill the puparia therein doubtless would not
be a .profitable fmcedure,, under ordinary coriditions, even if an
effective chemical for the 'lllmrpuse were available. Circumstances
under which spraying might be of practical value are not beyond
the bounds of pessibility, however, provided a cheap, easily obtained

..chemioal possessing the necessary penetrating and killing qualities
-oould be found. With this object In view samples of stubble con-
tdining puparia were sgraye_ with kerosene, coal-tar creosote,
eresylic acid, and two widely used phenolic disinfectants. The sam-
ples were allowed to lie in the open air for six days and then were
placed in cages for the emergence of adult flies. In every case more
adults emerged from the sprayed lot than from the check lot of
unsprayed’ stubble. Penetration of bare puparia by the chemicals

seomed a promising 7.
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- was effected only by actual immersion for.a day or: more, and éven
after -the chemicals had ,reached: the:inclosed larvaé their “effect
appeared to.be rather gradumli:, These.particular cheinicals, there-
fore, seem to be of o value for killing ‘pupsdria in stubble:. S

. . R . - EA_-R'LY -I'-,:r q‘ ;a Y ’ .

The chief measuré used in’the castérniport of the United States
to prevent Hessian-fly injury ds to plant the wheat sufficiently late
in the fall to escape the oviposition of the fall brood of Sies emerging
from stubble and volunteer wheat: dn California late planting to
-escape. Hessian ‘fly injury is out of the gquestion, beciuse the main
emergence of flies from the stitbble does.mot usuvally oceur until
Marci.. Wheat planted after that time would have slight chance of
maturing a good crop for lack of moisture. Exactly tli¢' opposite
procedure~that. is, early planting and stimulation of early, vigbrous
growth—has been shown by experience to be the best practice for
other reasons as well as for reducing Hessian-fly injury. As has
been previously stated; the flies distinctly prefer to oviposit-on {*e
smaller, tenderer culms and leaves. -Not.only arelarge, strong plants
mora likely to be avoided by the ovipositing flies, but they are also
better able to withstand and overcorne fly injury. :

'ROTATION OF CROPS |

Obviously, the farther from the sourte of flies wheat can be planted
the less likely it is to become infested.""The custom, already in vogue
in California, of rotating wheat with summer-fallow and pasture is
decidedly beneficial from the point of view of Hessian-fiy control.
Most of the wheat is now planted on summer-fallowed land. As a

- result, infestation must originate from outside the field and is less
intense and widespread than in fields planted on wheat-stubble land.
Where wheat follows wheat in the same field ‘for consécutive years,
fly injury is much more severe. ~_ ’ ‘ T

PLANTING RESISTANT VARIETIES

Since efficient control of the Hessian fly can not be effected eco-
nomically in California by cultural methods or by destruction of
puparia in the stubble, it is necessary to seek other means for a com-
plete solution of the problem. The best possibility seems to be the
development of resistant or immune yarieties of wheat suitable to the
region. Investigations with this purpose in view have been pursued
during the last six years. Thére are four iphases to the solution of
the problem of immune varieties: (1).Testing the fly resistance of
established varieties suited to the region, (2) testing the adaptability
to the region of varieties known to be fly-resistant, (3) developing
fiy-resistant strains by selection from the: varieties now commonly
grown, {4) developing desirable fly-resisting varieties by ¢rossing the
commonly grown susceptible varieties: with fiy-resistant but otherwise-
less desirable varieties. S ' :

mﬁna THE FLY RESISTANCH OF EETABf.ISHED TARIFTIER SUITED "PQITEE REJION

Seed was obtained of all the available wheat' varieties which-
agronomists of the Bureau of Plant Industry of the United States.
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Department of Agriculturs and the State experiment station consid: .
ered at all suitable for commercial production in the fy-infested -
-districts. - Plots of these varieties, which are:shown in:Table 6, were
planted:in.the field: where. they: would be most exposed: to:heavy

- mifestation. - None: of: thery possessed: aniy greater:resistanice. to' fly
injury: Or'made.an{r.:better. yields than the wheats already'in éomimon
use, Theé distinctly poorervarietiesin yield and fiy susceptibility-
were.eliminated from-the later tests. Infestation in the variety Onas
was ‘particularly intense and, the test. indicated this variety to be
very susceptible t6 fly injury, :The lighter infestations indicated in
Table 6, for 1922 and 1923, were.due to. the generally less intense £y
infestation in these years-and ol to any increased fly resistence-in
the Wh&ﬂ.t& . RS ..'a_-_.‘_ o . ’ "I_' e T
TaBLE 8.—Wheat varielies tested for repistance to the Hessian fly, Rirds Land-
- : +ing, Calif) 19211928, . . . S T i

Per cent of planis in- ) - Per cent of plants o+
fested fested
Varlety |

: .|| Dlinl Chief.
Little Club.
3 uls

Turke:
White

| S
. Federaticn
Onast -

1 st also in 1924;
TESTING-THE ADAPTABILITY TO THE REGION OF VARIETIES KKOWN TO BE FLY-BESIBTANT

Three varieties, Dawson, Illini Chief, and Prohibition, were in-
cluded in the tests recorded in Table 6 because of their reputed re-
gistance to the Hessian fly. They lived up to their reputation so far as
fly, resistance was concerned; but they are winter wheats, not at all
suited to the environment, and yielded very poorly. Observations
showed that the flies oviposited on these varieties even more abund-
antly than on the others, on actournt of their slow growth and small
size during the oviposition period. Furthermore, the e%lgs hatched,
and large members of the larvae successfully reached their normal
feeding position under the leaf sheaths. -Some internal charncter of
the plants; not yet ascertained, prevented most of these larvaefrom
maturing. Similar observations have been made by McColloch and,
Salmon (7) in Kansas on a number of resistant varieties. It ig
hoped that the specific factors rendering those and other varieties
resistant or highly immune to attack can.be discovered. . With this
object in view histological and, microchemical studiés for compari-
son of the anatomy of resistant and suseeptible varieties have been
made, but no positive results have yet been obtained. . A -knowledge
of the characters involved would facilitate intelligent development
of varieties possessing the desired immunity to the fly along with the
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other characters, such as high yield and quality, necessary to-a com-
mercially desirable wheat. - = - . S T
In 1924 seed was obtained of as many as possible of the varieties
reported to be distinctly resistant {o the Hessien fly. The objests in
view were Dot only to test their adaptability to California condi-
tions and their resisiance to the fly but also fo determine which fly-
resistant varieties would be most silitable o .cross with the wheats
commoply grown in California, in order to ﬁoduee new fly-resist-
ant varietiss better adapted to the region. e varieties used, ex-
%(ipﬁ for Prohibition, were the oned reported by Haseman (3) and
cColloch and Saimon (7{‘,- most of the seed being obtained throngh
the courtesy of these gentlemen. The wheats were planted in rows
in adjacent 3 by 6 foot plots on uniform sc’l and under identical
conditions, Two seasons’ results are summarized in Table 7.

Tanlr 7T.—Relative infestation of different wheats by the Hession fly ot Birds
Landing, Caltf,, in 1925 ond 1926

{ Crop
yeor . | Dsteplanted

1]

Little Club (ebock)..ff 192 p Nev.
1925 C:{l:li.ftir%liswxxperhnaut Staticn | Nov,

126 | Progeny of same. Dee,
1906 C%lfumia Experiment Station | Nov,

o MR e & 38 o 88 o 35 off o B8 o o

X L. 5303

1926 Prol?my of game. Dec,

1825 Caé nimh Experiment Station | Nov.

1925 | Californla :Experl.mant Station
C, L 4882,

1928 | Progeny ol 386, o ueooeonean o Dec, 16,1925

1925 | Desoended from C, I, 4068, U.E. | Nov. 14, 1924

Prohibition B. P. L Chico, Calif,
192 | Progeny of msme. Dec, 14,1928

Pagifle Bloestem | 125 | Desponded from C, I, 3016, U, 8, | Nov. 14,1924

(check) B. P, L Chico, Calif,

1925 | Kansas Experhmnant Statlon O. L

1996 1 Progeny of s6me- ... .nooeee.—...| Do 16,1925 |
Camell. ... caveeueews| 1925 | Xansus Experiment Station O.L | Nov. 14,1924

2900,
1925 | Kanses Ex%orimant Station,
Dint Chiet. Kana, No, 788, 7

- 136 | Progeny of agme_.___. Deo, 16, a5
* Dietz” 1925 | Missourl Experiment Ststlen ) Jao. 13,1825

W. 1428, .
1025 M%so;:{é Experiment biation
9 Prog‘on)rbt BN
1925 | Mismouri Experiment BStatlon
“ Michigan Wonder™” W,

i) M'n.o!mmo y
1925 M‘i?uugi Experiment Statfer 3

i
1926 | Frogeny of same

Littie Club (check)..[{ 1925 | Comimon. Ion. | 22

DOwsOl au e mman )

*$Zieglor’s Cholos” ..

3w 8 BR B sw w RE

&3

H8e He B B 82 + 8o o B8u oo o BE ob mggi

EBRo

Exclusive of the check varieties, none of these wheats are suited
to the region, being of winter habit and easil%shattered, but sll
except “ Dietz ” showed decided resistance to the Hessian fly. Ovipo-
sition was heavy on all varieties, and fully as many larvae reached
their normal feeding position in the resistant wheat as in fhe sus-
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ceptible varieties. A very small proportion of the larvae made any
appreciable growth, however, substantiating the evidence already
ated that the resistant varieties possess some histological or bio-
chemical peculiarity detrimental to the development. of the larvae,
This peculiarity can not be one rendering the varieties inherently un-
suitable for the commercial production of good wheat, because sev-
eral of them are now widely grown and highly favored in regions
to which they are suited. Certain of these wheats appear to be
distinctly more suitable than others for crossing with susceptible
varieties, The tests are being continued.

DEVELOPIN{ FLY-RESISTANT BTRAINS BY BELECTION FROM THE VARIETIEE NOW
COMMONLY GHROWR

Tn 1920 fly-free plants were located in fields where practically all
of ifie plants were infested. As the infestation was extremely heavy,
it was thought that some of the fly-free 1plsmts perhaps might possess
a definite quality of immunity that counld be fixed by selection. De-
scendants of these plants have been grown in separate plots accord-
ing to their sncestry every year since that time. = With the exception
of the first year, when the seed was not separated by seeding in rows,
and the second year, when only a few of the best head selections were
so grown, the seed from individual heads has been planted in sepa-
rate rows, called head rows, placed side by side about 6 inches apart
in the plot. Each year, at harvest, sced is kept from only the best
heads of the uninfested plants from the most lightly infested head
rows. The descendants of most of the original field-selected plants

did not develop any decidedly resistant qualities. Those of one fly-
free plant from a field of Baart wheat, however, have shown not onfvy
a much higher percentage of fly-free plants but also a decidedly lower
intensity of infestation than unselected wheat of the same variety
grown under identical conditions in adjacent check plots. Table B
will give an idea of the results obtained in this instance.

TanrLe 8—Reeulte of sclection of Baart wheat for resistance to the Hesslgn fiy,
Birds Lending, Catif., 1921-1926

FERCENTAGE OF PLANTA FREE FROM THE FLY

Headrows (selocted) Check (unsalected)

Total | Per cont
number ] of plants Per cent of plants

of plants | ily free fly tree

Lowaest
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Tapre B—Resulte of sclection of Baart wheat for resistance to tha Hessian Ry,
Birds Landing, Calif., 1921-1926—Continued .

INTENSITY OF INFEEYATION

Number of ctiilms | Namber of puparla | Number of Supa'i-ia
eramined - por 100 culms. per infested culm

Solacted iUnselected Solected |[Unselected| Bolected | Unseloetod

1924 . 297 284 37 228 1.
1825 400 300 12 174 L
198, 400 400 22 343 L

It is possible that some of the increased rasistance of these plants
is due to the greater vigor possessed b[{nt.his strain. The evidence,
however, indicates that there is some definite quality of resistancein-
volved, because it has been observed, as in the case of the resistant
varieties already discussed, that only a very small portion of the fly
larvae makes any appreciable growth, although great numbers suc-
cessfully reach their normal feeding position in the stems. Whatever
the reason for the reduced infestation in this wheat, it is evident
from the foregoing results that fly injury can be reduced materially
by the process of selection, '

DEVELOPING DESIRABLE FLY-REAISTANT VARIETIEE BY CROSSING

The development of desirable fly-resistant varieties by crossing has
not yet been attempted by the writer, but tests to determine the most
desirable varieties for this work are now in progress.

In view of the fact that so many wheat varieties possess distinct
fly-resistant qualities, it is surprising that so litfle effort has been
made to determine the possibilities of resistant wheats as s means of
eliminating the ravages of the Hessian fly. From the results recorded
above, in addition to those reported by McColloch and Salmon (7)
end others, two things scem apparent: (1) That several widely
grown varieties of wheat do possess a definite inherent quality ren-
dering them highly resistant to the Hessign fly; (2) that it may be
EOSSib]e to E‘roduce still better fly-resistant varieties by selection and

reecding. The progress in selecting Baart for fly resistance, just
described, is of course only a beginning; but if positive results can
be achieved with one variety, why not with others? Furthermore,
it seems probable that artificial crossing of resistant with desirable
susceptible varieties under the guidance of expert plant breeders
might lead to more striking and valuable results than selection alone.

SUMMARY

In California the Hessian fly is abundant only where the summer
climate is distinetly affected by the modifying influence of the ocean.
It injures the wheat crop to a slight extent practically every year and
causes serious injury in occasional years when climatic conditions are

articularly favorable to its development. Tt passes the summer,
all, and winter in the form of puparia in the stubble. The main
emergence of adults from the stubble usually occurs in March, and
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s _minor emergence of adults from the young wheat in late April.
Heavy September rains have been known to canse most of the flies

. to issu¢ from the stubble in early fall. The injury to the whest takes
place during March, April, and May and is caused by the feeding of
“the larvae underneath the leaf sheaths, . The lifs stages of the Hessian
fly in California are identical with those found.in the Eastern States.
- Several hymenopterous parasites. are..present -but-de-not control
~ < the insect. Ths artificial control methods used*in tke eastern part of
the United States can not be applied in California because of the
radically different climatic condifions. Burning stubble, plowing it
under, and throwing it out upon the surface by cultivation in early;
summer to cause desiccation of the puparis, are farti'ally' effectiva
control measures but are not universally applicable. The develop-
ment of resistant varieties is only in the experimental stage bub
offers some possibilities. - The most practical messures for control of

the Hessian fly in California are practices already in cofnmon use.

for other reasons. These are retation of crops, éarly planting, and

the stimulation of rapid, vigorous growth.
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