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THE T U R N I P  LOUSE. 

Pannocrc, R. 8. E., ESTO~~OLOGIST IS CI-I~IHGE; 
STATE F]STOIZOLOC:IST. 

Fur cevcral yeal-s coml~laints haue been -made of a plant-louse de- 
stroying the fall crop of tnrnips in various sections of the State. It 
oecame evident from the increasecl number of these letters that  the in- 
sect was sp~.w"dng, and that  i t  \\-as a serious menace to several truck 
crops during the ~vjnter. I n  the early fall of 1913 i t  was cleeiclecl to 
undertake some investigations of this plant-louse, as i t  was causing 
nri(lespr.ead inj111.p to turnips and relatecl plants. T h e n  the ~ w r l i  was 
started, i t  ~vas su~~posccl that  this insect was the cabbage louse, AT'-'"" 
brcrssica~, and that  its habits and life history ns observed in the So 
woulcl j~ roba l j l~  varv consiclc.ral)ly froin the observations which 
been made upon it in  the Korth. Statements macle i n  the literat 
np to this time were to the effect tha t  in  the South during the winter 

I l l  Z.> 

17th 
had 
m e  

- 
;he cabbage louse was a serions pest of turnips grown as a winter t r ~ ~ c l r  
:rope- 

After some prclimin3rp observations, i t  was deemecl advisable to  con- 
;u!t cles~riptions of A. brcrssicae, i n  order that  a11 the describecl forms 
night he recopi i~ed ~~-l-ren met with. It mas soon evident that  the 
species which was being taken upon the plants about College Station 
3icl not coincide ~ v i t l ~  the clescriptions of A. brassicae. Material col- 
lected from t u r ~ ~ j p s  w2s sent to Prof. C. P. Gillette, of Fort  Collins, 
Coloraclo, for* his determination. His reply was that  the specimens 
sent were evidently n species ~vhich had recently been describecl i n  

- manuscript by Mr. J. J.  Davis, ~f Lafayette, Indiana, as Aphis pseudo- 
* bmssicne. Material was then qent to Mr. TJavis, ancl his idelilification 

confirmecl that  made I,? P rofe~sor  Gillette., As soon as i t  was evident 
t h ~ t  the species wl~ich was being inuestig'atecl was not the  cabbage louse, 
we took the ,libert!- of calling it the "turnip louse," as this wonlcl more 
clearly identify i t  for the truck grower. 

During the fall of 1013 mnterial was collected from turnips a t  
Iredell, IVortl~anl, Valley Vicq, De T<alb. Daingerfield, Cooledge, Mc- 
Kinlie? mil Hitchco!.k. T'esas. Specimens collected a t  these places 
prorecl to be A .  ~-rse~tc707~r.nssicnc! rather than 8. brassicae. It was then 
evident that the turnip louse rather than the cabbage louse, was doing 
mucli of the injury t o  the winter turnip crop. It was thought tha t  
further stuclv might show this louse to be generally distributed over the 
State. Prelilninary observations were macle during the fall of 1913 
upon the llahits O F  the turnip louse, ancl some work was conducted 
with prgctical control measures. 

I n  January of 1914 c3ge esperiments were started to ascertain some 
of the details of the life lijstorv and number of generations of the louse. 
The work was continx~ecl until August, 1914, a t  which t ime the lice 
died out in the capes. The work was resumed in  September,. I"'* 

\ 



and continued for one year. During the fall of 1914 control measures 
were undertqken on a much larger scale than in  the previous season. 
Studies on the distribution of the species were also continued. Re- 
ports were received from all sections of the State, and these indicated 
that the turnip lonse was present, and in every case it was considered 
a serious pest. Trips have been made to both the northern and south- 
ern limits of its range in Texas and considerable time has been devoted 
to a study of the varying life history at and between these points. 

The turnip louse is now Irn~wn to be a serious pest in the winter 
truck regions of the State. The injury is perhaps most noticeable 
upon turnips, though the louse attacks most any of the plants of the 
family Craci ferae, especially cabbage and mustard. Not only is this 
insect a serinus pest in the winter truck regions, but the home gardens 
everpmhere are often entirely destroyed. I t  is not possible to estimate 
the loss caused by the pregence of this insect, but the total sum must 
be very large indeed. Often the home gardens are planted twice and 
truck growers often lose an entire planting; a big loss when competi- 
tion is keen for early crops. I n  some of the sections the truck growers 
will be forced to abandon the growing of crops attacked by the turnip 
louse, unless i t  is brought under control. 

HISTORICAL. . 
I n  his descriptiou of this  specie^,'^ Mr. Tlavis says the first spedimens 

were sent h;nl from Geneva, New Yorlr, talten from cabbage in July, 
1912. Latel. in the same year Mr. Davis received specimens on kale 
and mustard from Evansville, Indiana. During the fall of 1913, he 
also renortec-l the species abundant upon radishes and turnips a t  
La fayet lc, Indiana. 

DISTRIBUTION. 

It will probably be found after more observations have been made . 
upon this species* that it is generally distributed over the United States,. 
especially where A. brassicae is found, as A. pseudobrassicae feeds upon 
many of the same plants, especiallv the cultivated species. I n  the 
past the later species of plant l ~ u s e  h ~ s  nrobzbly been mistaken for the 
former in many instances. The turnip louse has already been reported 
from New York (Schoene), Indiana (Davis), Minnesota (Maxson), 
Oklahoma (Sanborn) , Lo~xisiana (Tucker), Florida (Mason), and 
T~xas . ,  Reports received from all the Southern States, Georgia es- 
cepted, indicate the presence of this species, though examination of 
material from various lccalities should be made to avoid the confusion 
of thiq form with 'the cabbage louse. # 

Reference to the accompanying map will give an idea of the distri- 
bution of the turnip louse in Texas, as determined up to  January, 
1915. We now have received 89 reports from 7'6 towns located in 
60 counties,  homing the presence of the louse. The general distribu- 
tion is probably me11 confined ' to the more humid sections of the State. 
At  present the species is found betrreen the 26th and 34th parallels of 
latitude. 

"Canadian Entomologist, XLVI, 7, p. 231. 



THE TURNIP LOUSE. 

FOOD PLANTS. 

Aphis pseudobrassicae has been taken upon turnip, radish, cabbage, 
cauliflower, mustard, ka.le, rutabaga, lettuce ancl bean in. our work at  
College Station. I n  addition to these plants this species has been re- 
ported from sections of Texas upon rape, kale, kohl-rabi and collard. 

Mr. A. C. Masson, of Longmont, Colorado, sent us specimens of this 
louse which had been taken on rutabaga at St. Cloud, Minnesota. Mr. 
Davis described the species from specimens taken on radishes, turnips , 

and rape a t  Lafayette, Indiana. He also records the receipt of speci- 

Fig. 1.-Map of Texas, showing distribution of the Turnip Louse as determined up to 
,January, 1915 (Original). 

mens from Mr. J. W. Schoene at Geneva, New York, taken from cab- 
bage with the note that they likewise occur on kale a.nd mustard. Mr. 
A. C. Mason has sent us specimens of this species taken on cabbage at  
Gainesville, Plol-ida. 

FEEDING HABITS. 

This louse feeds for the most part upon the tender leaves of the host 
plants, and usually upon the under sides. I n  the case of turnips the 
infestation starts upon the leaves of medium size, though these leaves 
often become quite laage by the time the infestation is severe. When 
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this stage is reached the uilcler sides of the leaves are all 
co~ered  m-it11 the masses of lice. The more tender  lea^ 
center of the crown are sought by the young ones nrhei~ the large leaves 
become crowded. BThen the infcstation is T-ery heavy these central 
lewes are cromdecl on both sides wit11 the lice. Uncler normal condi- 
ticns the lice do not more about much; if the infestation is not heavp 
i e  J-oung ones establish themselves very close to tlie parent. I n  fact, 
be female is often forced to swing 'the rear enel of her body around 
1 order that  room may be found for adclitional voung. If the leaves 
re crowded the young lice are actire for a time in  search of a good 

feeding place, 11nt under normal conditions they (10 not move from the 
plsce where they first become establisheel. Upon heavily infested leaves 
the mo~~ltecl  skins of the lice are founil on top of the masses. 

It is doubtful if the young lice can travel very far  over the ground, 
especially the soils which are coarse ancl loose. They may go from 
plant to plant M-her! the leaves are touching, but eyen such1 migration is 
unusual. When a single leaf l~ecomes cro~vdecl pupae are developed 
and the winged lice fly to other plants. O n l ~  once has a migration of 
wingless lice been observed. During the late fall of 1913, in  the horti- 
cultural garden of the College the infestation upon the turnips was 
ver:i 11eaup. On one side of the patch was fallow grouncl for fully 15 
feet ancl nest  to this was a patch of turnips sown broadcast. These 
t u r n i p  were small, for the most part, having only four lea~~es ,  and the 
pIants were scattering. These ~ v i n g l e ~ s  lice, from half-grown to adults, 
were going i n  hordes from the olcl turnips across the fallow ground, 
which was dry and qnite well pulverizecl, to the young turnips. The 
rate of travel of tlle lice was very rapicl, ancl they traveled in  nearly a 
straight line from the old turnips to the new plants. The young tur- 
nips were soon covered with lice, and within iventp-four hours all the 
plants were killed. 

J n  the early spring of 1914 old turnips which liad heen left in the 
fielcl over \\.inter sent np  seed stalks and flowered. The lice which were 
feeding upon the leaves near the crowns of t l ~ c ~ e  plants moved up the 
stalk as i t  grew, feeding upon the  under sides of the young leaves near 
the asils. JVhen the flowers developed the lice clusterecl in the heads, 
a t  the bases of the stems of the flnrets. Here viviparous reproduction 
continued until the seed pods became hard ancl dry. It mas evident 
that the ~vingecl lice selected these hich f l o ~ ~ e r  stalks to start the new 
infestation. XTinged lice were frequently ohservecl which had just 
aligl~tec! from the flo~vere or had hut rezently gone i n  among the stems 

f the  floret^ and given birth to one or two young. Throughout the 
p i n g  the feeding of the lice upon the turnips was confined to the 
ower or seecl stalks. When the seed pods were first formed the lice 
2d upon the stem, or in  case of heavy infestation, upon the pod itself. 

When the seed pods became harcl and the stalks clry, the lice left the 
turnips, possiblr i n  search of some alternative host. 

During the winter the lice migrate from tlie outer portions of the 
plants and mass upon the small leaves at  the center of the crown. Here 
they prefer to feed upon the under sides of the leaves. They also may 
be founcl upon the upper sides of the  bases of the smallest leaves. This 
chxnge in place of feeding is for protection from the winter weather, as 



Plate I-Turnip lice feeding in the flower head of mustard. (Original.) 



t11e lice are thns protected from snow and rain, from wind and to some 
extent from cold temperatures. After a reqr hard freeze i n  the winter 
tlie !ice become active in the search of leaves which may be i n  good 
ccndition for food. 

Upon raclishes the feerling hahits of the lice are much the same as 
upon turnips. Apparently the infestation can become heavier upon 
single radish plants than upoil turnips before pupae are developed and 
the winged lice fly to ncn- plants. I n  the spring and early summer the 
lice map be found feeding in the flower heads of this plant in the same 
manner as they feed upon the flowers of turnips. As. late as J lap  IS, 
1915, the lice were found on the flowers of some isolateci radishes. 
Young radishes in the same garden mere but liglitlp infested at  that  
time. During the t ~ o  eeascns in nrllich ohserxrations have been lnacle 
in  olle garden: the radishes and turnips were sown side by side. Both 
Tears tlie infestation in the garden started upon the radishes, and even 
spread for a time on this plant hefore starting upon the turnips. The 
radish plants are easily klllecl 1)v a severe infestation. 

Upon mustard the lice are found inostly i n  the deep curls of the 
sinaller leaves: but they do not attack this plant as readily as they do 
the radishes and turnips. During the fall of 1913 the radishes and 
hurnips were clying l)eforp the nlustarcl i n  the same garden was attacked, 
aacl rluring the fall of 1914 the lice left the mustard to go to the 
radishcs and .turnips in  the same garden. During the winter of 1914 . 

lice were observer1 upon mustard plants which hacl gone to seed. Here 
the lice were feecling in  the stems of tlie florets exactly as they hacl 
been upon the turnips in the spring. The lice attacking mustarci a t  
this time were entirely in the flower 11eacl. Both the winged ancl wing- 
less forms werc ohserved Peeding in this manner upon the mustard. 

TTThen feeding upon cabbage the lice may be foitnd upoil the uncler 
sides of some of the outer leaves. This is especially true when the in- 
festation is started on young plants. If the plants are of niuch size, 
as they often are, ihe.\vjnged females go to the smaller leaves near the 
insicle of the head. Here the lice may he found vpon the upper sides 
of the leaves also, but usually upon the under sides. The  lice are found 
mostly along the l a r p r  veins of the leaves, especiallv when the infesta- 
tion is ;just starting. During the winter tl~ose lice which live over 
upon cabbage are founcl yery close to the base of the leaf ancl upon 
those leaves just ontsirle of the 11eacl. Very close 'inspection is neces- 
sary to detect the lice lipon this plant during the \\inter. 

I n  the case of cauliflo\r.er the lice hare  been ohserved only upon srnall 
plants, and t h e  feeding llalsits llere mere the same as -upon cabbage. 

Upon lettuce the lice were found feeding upon the tender leaves of a 
head variety in much the s a n ~ e  inanner as upon cabbage. 

\TTllen feeding upon beans the lice 11-ere entirely upon the under sides 
of the leayes, near the 1)ases. 

Often an infestation in a, garden will s tart  from one spot anc1 spread 
from this in all clirections. TIThere such an  infestation starts the plants 
are usually killed before most of the garden is eTTen infested. A garden 
mxy be infestecl in  several places at  once, and the infestation froin each 
source will spread until meeting that  from other sources. 



VIVIPAIZOUS DEVELOPMENT. 

I n  Texas the normal form of reprocluction i n  the turnip louse 
asexual thro~~ghou. t  the entire year. No sexes have so f a r  been ob- 
served either i n  the breeding cages or the fields. It seems that each 
generation is made u p  entirely of viviparous females. Webster* states 
that  south of the  35th parallel the sexual forms of plant-lice have been 
observed but rarely, except at high altitudes. The farthest north i n  
Texas that  ohserratiorls have heen made upon A. pseudobrassicae is 
Wichita Palls, just south of the 34th parallel. It is evident that  a t  
this point sexes do not occur and the v iviparo~~s females s ~ ~ r v i v e  the 
winters. 

Nr. Davis in  his original paper (1.c.) saps,: "The sexes have not 
been found, and our p r e ~ e n t  knowledge leads us to believe that  the  
more usnal means of passing the minter is as riviparous females." Re- 
centig Mr. Davis wrote that  their searches had not revealed the sex 
forms. at  Lafayette, Indiana. 

SE,490FTA4I. HISTORY. 

Most of the field obser~ations on the turnip lo~ise have been made 
a t  College Station, though some time has been spent in  the two ex- 
treme sections of the State, Brownsville in  the south and Wichita Falls 
in- the north. The field notes made on the turnipt louse during two 
seasons a t  College Station are briefly re~iewed here. 

As the work of this Feason was not organized earlv, the first observa- 
tions were not made until Octo!?er 9. =\t tha t  time the turnips i n  
this vicinity were Terp heavily infested with the louse, though the ex- 
tre'me infestation 1 7 ~ ~ 1  not existed Ion? enouqh to induce the formation 
of winged l i ~ c .  However. within a weel; a f t e r ~ ~ a r d s  fully 50 per cent. 
of the Iice found upon turnips were wingeci females. I n  another week 
fully '75 per cent. of the lire were winyed and the nnpae mere abundant. 
The very large proportion of winged females ~t this time resulted later 
i n  an extensive infestation of the hosL plants in this vicinity. 

About the 'time of the heayv infestation and production of vinged lice 
on the turnips, the radishes i n  the College garden became infested. The 
winged lice miqa ted  from the crowded turnips to the radishes in  the 
s a n e  field. A t  the end of two weeks these radish plants were heavilv 
infested, a t  which time onlv I per cent. of the lice present mere winged 
but fully 25 per cent. were pupae. This tendencv to the formation of 
winged lice was to be expected. R S  the radishes and turnips in  the 
garden had suffered seuerely from the extreme infestation. Within a 
month after the first appearance of the lice upon the radishes the winged 
lice were leayinq the plants. During that  month, however, the radishes 
were almost killer! In11 the extreme infest a t' ion. 

It was not until Norember 1, 1913, that  the turnip louse was first 
observed upon cabbage in this vieinit?. three weeks after the maximum 
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infestation upon turnips. This infestation on the cabbage started so 
late that the low temperatnres at that time materially retarded the rate 
of reproduction. 3'0; some time the lice increased slowly upon the 
cabbage, but within three JI-eeks from the time they were first observed 
there was a' decided migration frcm the cabbage to some other host 
plant. By the middle of Yovember, when the infestation was slight, 
fully 50 per cent. of the lice were winged. From that time on the lice 
gradually disappearecl from the cabbage. 

Early in November the lice m-ere very abundant upon mustard i n  the 
sanie garden where the radishes and turnips had been so heavily in- 
fested. I n  two weeks after the lice were first observed upon the 
mustard the infestation there was much more severe than upon the 
other host plants in the garden. Wiile the mustard suffered some from 
the presence of the lice it clid not show the eRects of the infestation 
to the extent that the radishes and turnips did. Perhaps this was due 
to the fact that the lice migrated hack to the radishes and turnips after 
those plants had recovered from the previous attack. 

In  the College garden, well along-in the season, the lice were very 
abundant upon turnips, radishes and mustard. As all of these plants 

'. began to suffer from the severe infestation, there was need for new 
food. Beans which were planted between mustard and radishes were 
found to be infested with the turnip louse on November 21. The 
colonies of lice at  that time were scattered upon the under sides of the 
leaves. The infestation did not persist long, due to natural control fac- 
tors, but it is cloubtful if the lice could continue long upon this host. 
7'1ie infestation upon this host vas very light, consisting of scattered 
individuals: both winged and wingless lice, with no well-defined colonies. 

Upon the turnips in the College garden the lice continued to increase 
TO such an extent that unspraved plants were dead by Xovember 21, 

ver, 
the 

a t  which time the lice merk fbnnd upon most every variety of plant 
then in the garden. Fully 30 per cent. of the lice on the infested 
plants were winged females and 50 per cent. were pupae, so that a 

[era1 migration took place which infeeted the sprayed plants. 
luring the last week of November and the first week of December 
y heally rains occurred which apparently killed every louse upon all 

plants in this vicinity. From Decenlber 19, 1913, 'to March 5, 
1914, no lice were found on any plant in  the fields. From December 
20, 1913, lice were kept in  breeding cages out doors for general oh- 
servation purposes. From this date through January and February all 
study of the lice was made in these cages. The reproduction during 
these months macl quite constant thong11 goveriled strictljr b:v the tem- 
peratures, since the lice reacted quickly to a change i n  temperature. 
On February 6, 1914, a ,sudden drop in temperature to 17 degrees P. 
occurred, but hardly 5 per cent. of the lice succumbed, these being the 
old females. Winged lice emerged in  great numbers in the cages dur- 
ing the latter part of February, at  which time i t  was quite cool. The 
host  plant^ in the cages became heavily infested by March 1, and 
the lice were purposclv allowed to fly from them to infest the experi- 
mental fields. 

From the cages the lice infested the turnips in  the immediate vicin- 
ity only, the migration seeming to be very limited. This migration 



from the cageP continued througliont March and Spril. The plants 
which were first infested close to !he cages ce~-er  snffered, as the lice 
seemed to remain upon them hut a couple of weeks and then the re- 
sulting vinged lice migrated to other plants. During the latter part 
of Apr.il the wingecl lice were particularly actire jn the air cluring the 
warm afternoons. Some turnips in an acljoini~ig field which hacl gone 
to seed seemed to attract many lice. Throaghout April there was a 
general migration of the lice from the turnips in the capes and from 
the plants in the fields. During this time the infestation was never 
h ~ n ~ g  upon the turnips and there mas a continuolls production of 
winged lice. The small colonies upon the turnips continued to grow 
smaller all the time, as a portion of each broocl derelopetl into pupae 
and later to winged lice. Bp JiIaj~ 1 there n-ere, but few lice upon 
the turnips in the field, though it T T ~ F  possible to find lice as late as 
June 6. Hp this time the turnips ceacecl to grow well on account of 
the heat and droutl~. 
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The lice were first observed upon turnips in the College garden on 
September 10, a t  which tiime the infestation hacl just started. The 
infestation consisted almost entirely of TI-inglese lice at the head of well 
"---rnecl colonies. On this date the lice were also founcl upon the 

ishes and mustard ~vhich mere growing on either side of the turnips. 
e infestation in  this garden started upon the radishes near the west 
I .  The spread of the lice was from west to east, but this was evi- 

dently not due to the wind, as at that season the prevailing winds were 
from the soilf2l. 

Within a vi-eek after the lice nrere first obser~ed upon the turnips, 
the plants vere heavily infested and a fen1 wingccl lice were founcl, well 
scattered over the field. At this time pupae were developing, though 
not al~~rayq in the places of heaviest infestation. Development cf pupae 
a t  this time, when dissemination is general ancl rapid, appears to be 
normal. At other seasons of the !real- pupae develop only under the 
stimulus of excessive infestation. The raclish plants seem to show the 
eflects of severe infestation more readilv than the turnips or mustard. 
lTThen the general spread of the lice started the leaves of the radishes 
Txrnre larger than those of the other plants, ancl it may have been that 

lice were attracted to them. At no time mere the lice as bundant 
In mustard as upon the turnips and radishes. 
'he infestation increased rapidly upon the radishes and turnips, and 
such ,m extent that by the enc! of the seconcl week the leaves of 
Se plants were entirely corered with the lice. At that time fully 
per , cent. of the lice present were pupae .and 10 per cent. were 

~ged lice and, rs a result, other fields in the vicinity were becoming 
?sted. Some of the pardens were seeming17 well isolated from any 
lsted host, but the lice became well establi~hed upon alI. As the 
ishes and turnips began to die, the lice hecalne more plentiful upon 
mustard, though the latter was evidently not as clesirable a foocl as 
other plants. 

'he very vigorous spraying conducted in the College garden doubt- 
alterecl the seasonal clevelopment of the louse at that time. The 



pest was I-lelcl in  check after October 1, but  there .nTas a marked 
tendency to~vard tlir formation of winged lice cnly. 4 t  one time full? 
90 per cent. of the lice present o n  the plants mere pupae. On Sovem- 
ber !? there were but few TI-jnged females present and but few ming- 
less; though thc5e were of nll ages. At  this time also a few minged 
lice 13~e1.e first obset#red upon cabbage, but this infestation was not last- 
. Cont r~ ry  to cspectation~, no lice could he founcl upon the cab- 
bage c1urir.g ?he winter. 

The lice were present on the radishes and turnips in  the gardens in  
this vicinity throuyllout the entire minter. There were no serere tem- 
peratures cluring the winter, SO the infestation steaclilp increased. I n  
Fel~ruary till's q~ecies w a F  present in sufficient numbers to result in  a 
~ l ~ u a l  infest3 tion of  spring crops. 

During the first part of Ifarc11 the infestation of lice on turnips was 
v e q  light. This consi~ted of apterous jncliriduals well scatterecl over 
the liclcl. The feetling a t  this time was confinecl entirely to the flower 
heacls of the fall turnip$, During the latter par t  of April the lice be- 
gan migrating from the flo~ver stallcs, though the winged females were 
ncyer present in large number$. The lice appeared on the spring plant- 
ing of turnip.: in  wrly May. This infestation consistecl of large, mell- 
defined colonies, ~vflich were found oyer the entire field. The lice never 
became abundant on these turnips. ?'here never was a heavy produc- 
tion of winged females, hut the lice entirely disappeared from the fields 
by the middle of June. 

On March 1 the lice were quite abundant on the winter raclishes 
in the gardens. By 11far.cl1 15, 7 5  per cent. of all the  lice i n  the 
gardens mere four~cl on radishes. The infestation consisted of 50 per 
cent. of apteroua lice of all ages. 30 per cent. pupae ancl 20 per cent. 
winged females. A few class later only apterous lice were founcl on the 
raclishes. The feeding of the lice during this season was entirely i n  
the flower lleade of the plants. The spring planting of raclishes was 
not infestecl with lice until April Ti. This infestation was light and 
consistetl mostly of ay~terous lice in small colonies. The lice increased 
on the raclishw lintil April 20. ancl then the number decreased for a 
t h e .  light infestation cE lice persisted on young radishes in  the 
gnrclens t l i ro~~g l~on t  May. During the latter part of this month there 
1~2.c:  a eoatii~iicd proiluction of pupae, thougl? these were n e ~ ~ e r  abunc 
ant upon the plants. The winged females were seldom observed. TI 
lice <gradu~ l l :~  disappearecl from the plants, and by the midclle of J u r  
n9 lice -s-ere ohscrved in the g a r d e ~ ~ .  

By the middle of March the lice were quite abundant upon mustard 
plants. This infestation consisted moetlv of apterous lice, which were 
feeding on the leaves near the ground. These lice migrated to the 
flower heads ahout April 1. Though the infestation at this time was 
apparently of apterous lice, the spring mustard became infested cluring 
thc first of April. During the first half of April the infestation on 
the old mustard increased heaviley, and the lice movecl from the flower 
heads to the young leaves near the top of the plants. A few pupae 
were observed a t  this time, but winged females were seldom seen. D u r ~  
ing the first pert of May the infedation increased on the spring mustard. 



About tlie middle of the month pupae developed, and gradually the lice 
disappeared from this plant. 

During the last half of April there was a light infestation of lice 
on rutabaga turnips. These were planted in  the same garden as the 
turnips, radishes and mustard, which has been discussed above. About 
the same time lice were found on kale in the same garden. This in- - 
festation consisted of immhture apterons lice. 

On June 1 a rape field was found heavily infested with lice. Fully 
80 per cent. of thc lice were pupae which mere about ready to emerge 
as '  winged females. But few winged females were observed on the 
plants .at this time. The apterous females were surrounded by small 
colonies of young. This heavy infestatjon practically killed the rape. 

RIBERNATION. 

From the foregoing observations made at College Station it is evi- 
dent that the turnip louse continues to breed throughout the winter. 
Seldom is the temperature low enough to prevent reproduction, though 
the daily number of offspring is wry  low most of the time. There are 
a few days during the winter at  College Station when the lice, especi- 
ally the older females, do not reproduce. The temperatures below 
which the lice are not active are indicated in our cage records, which 
are shown in Table I. 

Trips were made to Wichita Falls, the most northern Texas point 
known to be infested, and ob~ervations made on the winter conditions. 
Here the licc pass the winter upon turnips and mustard; seldom on 
radishes. The w in t e~  temperatures are sometimes quite low, 15 to 20 
degrees F., and i i  is not uncommon to have snow. For much of the 
time during the winter the reproduction js  indccd very slow, and there 
are many days at a time when the temperature is not above 32 de- 
grees F. Durizlg mch perioils the lice (10 not reproduce, and in this 
me have the nearest approsch to hibcrn~tion that occurs in the State. 
During the last of January, 1915, ohs~rrations were made at Wichita 
Falls after a long cold spell. Apparently oilly a few lice had been 
killed b:v !hc cold and snow, and most of these were old females, still 
upon the learc-s. 

At Bromsville, ihe soutl~ernmost point visited, a-inter conditions are 
vastly different from thoee found at College Station or Wichita Falls. 
At Brownsvillc the conditions in Jan11al.y fire rcry similar to those pre- 
vailing at College Station in October. The daily reproduction in the 
fields near Rrownsville in  January was four to six young, and i n  pro- 
tected places i t  was as high as eight. 

LIFE HISTORY. 

The life hietorp of -4. psezldobmssicae in the various sections of the 
State is a perplexing problem. Although the louse is a pest in all parts 
of the State during the fall and early winter, we have been unable to 
determine where or how i t  passes the remainder of the year. I n  the 
fall the lice make iheir first appearance on the turnips about the time 
they develop four leaves. At Waco the lice are first noticed upon the 
turnips in Angust and are present continnouslv on turnips and radishes 



until the following May. At College Station the lice do not make their 
appearance until September 1. The turnips and radishes are then 
attacked by the louse during the winter and until May of the next year. 
F'l~rther south, at Beaumont, Galveston and Beeville, the lice appear 
upon the turnips between September 15 and October 1. At Browns- 
vills the turnip crop is not np until about November 1,  but the lice 
are fonncl on mustard as earl>r as August 1 and continue to infest 
this crop until the turnips are available. The turnip crop experiences 
Ihe heaviest damaqe during November. By December5most of the tur- 
nips have been either destroyed bv the pest or harvested. Throughout 
the winter the lice feed upon radishes and mustard and on what tur- 
nips remain in the ground. I n  the spring the infestation extends to 
the new crops of turnips, radighes, eic., and increases in severity. At 
Brownsrille, after May 1, practically all cruciferous crops, except 
mustard, are over with. ' . 

,4t TTTjchita Falls turnips are not available for the lice until about 
September 1, at which time the first infestation is observecl. Were 
the turnips sonrri as earlv at Wichita Falls, or other northern points, 
as they are at MTaco, the lice would probably appear on them as early as 
at the latter place. The time of appearance i n  fall seems to depend 
upon the availability of turnips for food. At Wichita Falls the winter 
is passed upon turnips and mustard, and in the spring the infestation 
extends also to radishes, continuing until July. 

-4LT'ERN-4TE HOST PLANTS. 

A review of the life histories here given show that there is a portion 
of the year during which the louse is not found upon any cultivated 
host plant. ,At College Station the lice begin to migrate from the cul- 
tivated plants ~ ~ i t h  the approach of hot, dry weather, during April. 
Throughout this month there is a deci'ded tendency to the production 
of minged lice, even when the food supply is good. During this time 
th. number of winqless lice p a d  ual1.y decrea~es and the infestation 
finally dies out. 'I'here are never very many winged lice present dur- 
inp May, as the reprodllctinn serms to be much retarded. These w i~ged  
female<, while the miqration iq in progwss, are  not different in  struc- 
ture from those talien clurinq the fall and wintsr. Also the first winged 
lice taken in the fall upon turnips are in no respect different from 
those fo~ncl later. 

With the approach of hot, drv weather therc is a decided rednction 
in the number of vonng produced daily and all of the stages of the life 
history are lengthel~ed, much the same as under winter conditions. It 
is quite evid~nt that the qlimlner conditions arc even more trying than 
t lx  winter. At College Station there arc normally four months of the 
year when the turnip louse is not found upon cultivated plants. How- 
ever, some of the host plants, such as mustard and radishes, are some- 
times in the garden iluring the entire summer. 

,4t Brownsville the radishes and turnips are in  the ground from Oc- 
tober 1 until the following May. Mustard is grown until June, and 
may be found i n  small patches during the entire summer. The early / 

fall crop of mnstard is available in Angust, but the lice do not become 
abundant on it  until a month later. There is a period of four, and 



perhaps five, months during the year when the turnip louse is not found 
up011 the cultivated host plants. At Wichita Falls there is only one 
month-July-during which there are none of the cultivated host 
plants in the gardens. However, the lice are not found upon these 
plants from May until September, during which time the lice must ex- 
ist upon some other liost plant. 
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REARIBG _MRTHODS. 

The rearing work, when not otherwise stated, was conducted under 
as nearly normal conditions as mae pnssible in outdoor cages. Turnips 
were I ~ J P ~  for the host plants in all the cage expe~iments; plants of 
some size were transplanted from the field to iarge flower pots. These 
plants vere so trimmed that only three or four small leaves remained 
an? as the new leaves became established the oltl ones were cut off, one 
a t  a tiine. With this reduced leaf area, i t  was possible to study the 
habits of the lice caref~~llv, ancl it was not difficult, to locate the old 
and young lice. The turnips were kept in  the beet possible growing 
condition and a single plant was never used for more than a single gen- 
eri~tion. The t u r n i p  were transplanted some time before they were 
to be used, in order that they would be well established in  the pots. 
Lnrge lantern globes mere used to corer the plants, and on top of these 
white lawn was drawn tiyhtly. The pots were placed on a stand in 
the open and this stan8 was so arranged that thZ plants could be pro- 
tected in times of Pevere wind and storn?~. I n  May, 1915, a cage 
sllelter was constructed along lines suggested by Mr. J. J. Davis of the 
R ~ ~ r e a u  of Entomology. 

On June 23, 1915, all lice were transferred to radishes for host 
 plant^. The turnips could not he grown me11 at this time of the year 
am1 the lice could not be kept under proper conditions. Observations 
ant1 some preliminary tests showed that the lice even prefer radishes a t  
this season. 

The generation series were started in January, 1914, and continued' 
uctil A U ~ I I E ~ ,  1914. From June 10 until August 6 the work was 
conducteci hp Tlr. W. Marshall, then Assistant Entomologist in this. 
Division. His services are here acknowledged. The series was started 
again in September, 1914, and conducted throughout one year. The 
first-born of each generation was transferred to a new host, and all 
other young produced 5y each femnle were counted and taken from the 
plant. The lice were handled with a very  mall sable hair brush, which 
did not seem to injure them in anv wny. When once a generation was 
established upon a plant the lice were moved as little as possible through- 
out their life cycle. M'hile removing the young lice the adults were dis- 
turbed only vhen necessaq, so they often remained in the same posi- 
tion for days at  a time. 

DESCRIPTION OF FORMS. 

The following descriptions of the forms of this louse taken in our 
work are the original ones mncie hy Mr. .J. J .  Davis, which appeared 

- in the Canadian Entom.oZogist, Vol. XL'TTI, No. 7, p. 232: 

Wingless Viviparous Female. 

Entire body pale whitish green, head slightly dusky. Abdomen with a longi- 
tudinal row of impressed dots along each side in a line with the cornicles; als* 
on each side of the median dorsal line is a row of transverse shining areas with 
a reti,cuIated surface, those on the last four or five segments usually united; 
and a similar row of smaller areas on each side. n e s e  shining reticulated 
areas contrast with the rest of the body, which is dull and very slightly pul- 



Plate 11. Above, shelter in which the cage experiments were conducted with the tur- 
nip louse; below, an infested garden, showing radishes which were killed by a severe 
infestation of the turnlp louse. (Original.) 



rulent. Thoracic segments with similar transverse areas. I n  specimens just 
mlted the entire body appears shining and reticulated. 
Eyes black. Antennae blackish excepting segments I, 11, and basal half of 

111, which are pale, reaching a little beyond the middle of the body; segment 
I11 longest, it being a half to three-fourths longer than V I  filament; segments 
V and VI base with the usual distal sensoria. Beak reaching to coxae of second 
pair of legs. Legs pale with dusky joints the t ips  of the tibiae and all of the 
' rsi black. CornicIes pale with t ip  dusky, slightly swollen towards the tip and 

nstricted just before the apex, ant1 noticeably longer than the cornicles of A. 
zssicae. Cauda conical, and d u s b  to blackish. 

Fig 2-The Turnip Louse, wingless viviparous female. (original.) 

Measurements are as  follows (averages from six individuals) : Length of 
body, 1.66 mm.; width, 1.00 mm.; cornicle, 0.226 mm.; cauda, 0.140 mm.; 
antennae I ,  0.080; 11, 0.061 ; 111, 0.399 ; IV, 0.202 mm.; V, 0.160; VI, base, 
0.122; VI, filament, 0.287; total average length, 1.311 mm. 

Pupa. 

Head dusky, remainder of the body cream color or with a faint greenish 
tint, and covered with a slight whitish pulverulence, excepting the shining 
areas, which are  covered with x noticeable reticulation, and which are placed 
as follows: A row of oval or transverse areas on ea'ch side of the median dor- 
sal line and a row of smaller and more circular or,es laterad of these on each 
side, about in line with the cornicles. 

Eyes black. Antennxe pale clusl;y, the distal ends of segments being more so, 
relative lengths of segments as in the winged female. Wing pads blackish. Legs 
pale dusky with the joints, clistal end of tibiae and tarsus blackish. Cornicles 



dusk?, paler a t  middle, blackish a t  tips, and similar in shape to those of the 
wingless female. 

Winged T7,iviparous Female. 

Head and thorax black. Abdomen pale apple green with a tint of nile green 
and a row of three black spots on each side anterior t o  the curnicles; a row of 
small impressed dots on each side dorsad of the larger spots; and in addition 
a few scattered inconspicuous cluskp markings on the dorsum, and the iast 
three segments with black tranlsverse dorsal median markings. 

Eyes black. Antennae black; almost reaching to base of cornicles; segments 
111 and T'I filament subequal; seepent 111 with 19 t o  26 moderately tubercu- 
late circular sensoria irregularly placed, IV  with 6 t o  10, often more or less 
in  a row, V and VI base witk the usual clistal sensoria and not infrequently 

' segment V bears one or two near the base. Kings  with black and rather con- 
spicuous veins, and the terminal branch of the media nearer the apex of the 

Fig. 3-The Turnip Louse, winged viviparous female. (Original.) 

wing than ~vhere i t  first branches. Legs ~ v i t h  femur pale brownish to blackish, 
tibia pale bro\vnish with t ip  black and tarsus black. Cornicles dusky, paler a t  
tips, ancl shaped a s  in the ~vingless form. Caucla concolorous with the abdomen 
or paler. 

Measurements as  f o l l o ~ ~ ~ s  (averages from six individuals) : Length of body, 
1.4 mm.; width of body, 0.66 mm.; length of wing, 2.4 mm.; width of wing, 
0.9 mm.; antennae I, 0.069; 11, 0.061; 111, 0.363; IV, 0.101: V, 0.165; VI, 
base! 0.126: TTI, filament, 0.358; total average length, 1.333 mm.; lengtlz of 
cornicles, 0.172 mm.; of cauda, 0.134 mm. 



-- 
$b$$$ez J ~ ~ ~ $ $ g ~ ~ ~ $ $ g ~ ~ $ g ~ g $ g ~ g ~ g Y ~ ~  

7th Generation, 

8thGeneration. --I $ 
9th Generation. 

V: 
C 

18th Generation. 

19th Generation. 

21st Generation. 

23rd Generation. 

25th Generation. 

-- 
31st Generation. 

- 

-- - ,  

% %  Maximum. z 
-- 2. 

E 
~ ; y ~ g $ $ g 6 g ~ g ~ $ ~ ~ $ ~ ~ $ ~ ~ g ~ g $ ~ ~ g E ~ ~ ~ $ E  Minimum. 

3- 

OF. Maximum. 

OF. Minimum. 

$ z 
2 o 





- - 
O W P C W O C O O O ~ O ~ ~ W W ~ ~ W ~  o c e c c c w c o w o o m a  w o w o n o h h o o a  o o m o m o o m o o o 0 o m o o w r n m w w o w 8 o m m m ~ m o o m m o m w o  - - -- - o o c o o o a o o o w  

U H  - - -- ...... . .  ' . . ' .  ' . .  

~ : ; g ~ a g ~ g g ~ g ~ q ~ $ W ; g f g ~ g g g ~ ~ g ~ g ~ q g g g g g g g  g5553728Z:q 
- 

~ C h ~ a h ~ m - N O O N m - 0 ~ W O h O W m ~ M h O W O W c D Q ) V ) b w C , m o  G B D h h 0 0 a 0 P I  
O T D m O h h O ~ O O m O m D m l * V ) ~ d c c * a v l v m ~ m a a v V l m m m m  w w a w o n o o o w n  









19 .................................. 
20 ................................. 
21 ..................... : .......... 
22 ................................... 
23 ................................. .... 
24 ............................ 
25 ............................... 
26 .................................. 
27 ................................ 
28 ................................... 
29 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
30 .................................. 
31 .............................. 

June 1 .................................. 
2 ................................. 
3 .................................. 
4 . . . . . . . . . . . . . . . . . . . . . . . . .  
5 .................................. 
6 ...................................... 
7 ................................. 
8 .................................... 
9 .................. .. ............... 

10 ................................... 
11 .......................... ............ 
12 ..................................... 
13 ..................................... 
14 ..................................... 
15 ..................................... 
16 .................................... 
17 ........................ .. ....... 
18 .................................. 

................................... 19 
'20 ................................. .... 
21 ................................. 
22 ............................... 
23 .................................. 
24 .................................... 
25 .................................... 
26 ..................................... 
27 ............................... 
28 ...................................... 
29 ..................................... 

B. born; D. died . 

86 
90 
89 
90 
92 
92 
90 
90 
86 
84 
92 
88 
79 
84 
89 
93 
89 
92 
92 
95 
88 
90 
92 
92 
94 
96 
Y8 
96 
93 
92 
94 
95 
96 
97 
97 
97 
97 
96 
95 
97 
98 

101 

. . . . . . . . . . . .  
................ 

6 B  

4 8 3 B  

6 
7 

10 
7 

5 5  
5 7  

7 
D 5 5  

6 
5 
5 

7 
5 

:...I 

1 . .  

1 .  

1 . . I  

.... 

. . . . . .  

....... 

........ 

: : : : I : :  

::::I 

> 

........ 

: 

............................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................. 

......................................... 
............................................... 
............................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............................................... 
............................................ 
.............................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............................................. 

.......................................... 

............................................. 

............................................ 

........................................... 

........................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: :  

. . .  

I 

. . . . . . . . .  

. . . . . . . . . .  

..I.... ::. 

6 

6 
7 
7  

7 7  
7 
8 

D 6 3  

6 
6 

D 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

::: 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

...................................................................... 

....................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................................................. 

................................................................... 

......................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................................... 

....................................................................... 

~ ~ ~ ~ . ~ ~ ~ ~ ~ . . . . l . .  1 . .  . ( . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

::::I::: 

........................................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........I 

......I. 

1 :: 

B 

3 8 5 B  

8 5  
7 5  

4 
6 

3 6  
3 7  

6 
4 
4 
3 
3 
4 
5 

1 5  
1 5 7  

::::I:: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

............................................................ 

......................................................................... 

...................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..I :::: 1 . 

...I 

. . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

1 .... 

I.... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

............... 

2 
3 
5 
6 
7 
6 

. . I  

I.... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................. 

::::I-:: 

......I........ 

B 

1 . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
::::I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 51 7 5 7 7  

1 .... 

: .. 

........ 
.................................... 

.............................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  

I 

. 
.... 1 :::: 

::: 
? 

::::I-{: 3/  B 

1 100 99 
93 

100 
100 
100 
100 
100 
98 
98 

100 
99 
99 
99 
95 
94 
99 

100 
100 
100 
91 
92 

100 
100 
99 

100 
100 
100 
92 

100 
100 
98 
97 
98 
98 

100 
100 
100 
99 

100 
99 

100 
100 
100 
100 
100 
100 
99 

B 

8 
810 

8 
810 

3 7 7  
7  
7 
9 
7 

3 

3 
D 

....... 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
..................................................... 

........................................................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.................................................... 

! : : :  . . .  

5 I 7  
9 
8 
7 

10 
10 

D 

98 
100 

I 
2 
6 
5 

7 5  
8 

10 
411 

9 
9 
8 

7  

D 



e- 

$ ~ ~ ~ g ~ g s g g g ~ ~ s $ ~ g g ~ $ $ g g $ 8 g g g $ 8 s s ~ $ 8  

. . . . .  . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . .  . , : : : , : : : . : i : i . i i . i i i i i i i i i i : i i i i i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . .  . . . . . . . .  . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . .  : : . : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . 
, ' : : : : : : : : : : : : : : : . : : : : : : : I : : 1 :, - . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  :pi i  ;  : i i i  i  i  : i i i  i i  . I i  i  . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . .  

. . . .  . . .  . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  : : . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i  i  i  i i --. . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  1 . : . . . . . . . . . . . .  : . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . .  

: . . : : : : : , , : : : : : : : : : :  : . : : : : : : : : : i :  . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . .  . . . . . . .  
. . . . . . . .  . . . . .  . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  : . i . . . . . . . . . . . . . . . . . . .  . . . . .  . . .  . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  . . . . . . . . . . . . .  . . . .  -- . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . .  . . .  . . .  -- . . . . . . . . . . . . . . . .  . . .  . . . . . . . . .  . . . . . .  . . . . . . . .  . . . . . . . . . .  . . . .  . . . . . . . . . . . .  : : : : : : : . . .  . . . . . . . . .  -- . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . .  : . : i uww . . . . .  . . . . . .  . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  : Uwmqm4mq 
pp . . . . . . .  . . . . . . . .  . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  - - 

: : : : u w m q q m e o o a ~  . . . . . . . . . . . . .  . . . .  . . .  . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  uooww+ammmmmm~mm~~~  : i : . . . . . . . .  
i . ~ ( ~ W W W + + W W W W N N W ~ ~ , Q ) U I ~ Q , ~ Q ~ W ~  !  : i : mi I i i  . . . .  . . : : . : : W W W W W C ~ + ~ ~ + + W * W W ~  : i  i  i : m. i :  : : . . . . . .  " " - . . . . . . . . . . . . . .  
w w w w w  mvlulm i . i  mi i  i i  i  i  : : : : : : : : : . : . . . . . . . . .  - . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ,,,, i  i  m, : . . . . .  : . . . . . . .  -- . . . .  . . .  . . . . . . . . . . .  . . . . . . . . . . .  i m : : : . . . .  : . . . .  . . . . . . . . . . . . . . . . . . . .  
. . , , ; i  ; i : : ; ; ;  i  i i i  i  i  i  ; i : ; : ;  % :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
. . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  : . .  : : : : . : . : : : . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  - .  

Z ~ e a e Z S Z e e m a e a a a e Z Z Z Z Z a a a S a a Z e 6 5 ( 0 a Z  ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ - o m a a o o o o o m e a o ~ n a o m o o e , o  

$ % g $ ~ $ $ $ $ g g ~ g ~ $ g g ~ $ g g ~ $ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~  

O F .  Maximum. 

O F .  Minimum. 

u 
E: 
2 
2 

* 

t? 
z * 
? k 
a F; 

3 2 =. lc 
j. 

g. a ' 

. 

1st Generation. 
2ndGeneration. 
3rd Generation. 
4th Generation. 
5th Generation. 
6th Generation. 
7th Generation. 
8th Generation. 

9th Generation. 
10th Generation. 
11th Generation. 
12th Generation. 
13th Generation. 
14th Generation. 
15th Generation. 
16thGeneration. 
17th Generation. 
18th Generation. 

19th Generation. 
20th Generation. 

21st Generation. 
22nd Generation. 
23rd Generation. 

24th Generation. 
25th ~ e n e r a t ~ ~ ~ .  
26thGeneration. 
27th Generation. 
28th Generation. 

29th Generation. 
30th Generation. 
31stGeneration. 

-32ndGeneration. 

33rd Generation. 
34th Generation. 
35th Generation. 

Maximum. I $ 
--- 

Minimum. 

2. 
a 
." 





MOULTING. 

The process of moulting is much the same in A. pseudobrassicae, as 
is elaborately described in  MTehster (1.c.) for Toxopteru graminum, 
Rond. Accurate records have not been kept upon the actual time re- 
quired for the lice to moult, hut the processes necessary for the louse to 
liberate itself from the old skin hare been constantly observed. Records 
have been made continually throughout the life history studies upon 
the number of moults and the periods between them. From these ob- 
servations it is evident that the wingless and winged lice moult four 
times. The following table is taken from the records to show the char- 
acteristic features of the periods of moulting in this species: 

TABLE 111-SHOT ANG MOULTS OF WINGLESS LICE. 

Produced 
Date of Birth. / 1 M-2 I M-3 I M-4 1 First Young. 

-- 

*M-1-Indicates the first moult; M-2 second moult, etc. 

TABLE IV-SHOWING MOULTS OF WINGED LICE. 

Jan 30 .............................................. 
Feb. 6 ............................................. 
April 4 ................................................. 
May 5 .............................. .. ................ 
May 13 ................................................ 
June 10 ................................................ 
June24  .................................................... 
July 9 .................................................... 

Date of Birth. 
Produced 1 M-1 M-2 1 M--4 I M-4 / First Young 

Sept.22 ................................................. 
Nov. 14 .................................................... 

Feb. 16 
Mar. 16 
April 18 
May 13 
May 21 
June 16 
July 1 
July 24 

Feb. 1 Feb. 5 

No exrerimeits have been conducted to determine the exact varia- 
tion of the length of the instars, but from the many observations made 
i t  is evident ihat such a variation does exist, even when the individuals 
are born a t  the same time and are kept under exactly the same condi- 
tions. This variation is more pronounced during the cooler parts of 
the year when there is some considerable period between, the moults. 

Feb. 11 Feb. 14 

Fig. 4--Succession of Generations in the Turnip Louse, 1914. 

f i b .  2 0  Mar. 4 Mar. 8 a .  1 
April 7 April 9 
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June 11 June 12 
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July 11 July 14 

April 13 April 16 
May 0 May 2 
May 18 
June 14 
June 28 
July 17 

May20 
June 15 
June 29 
July 21 



NUMBER OF GENERATIONS. 

I n  January, 1914, a study of the successive generations of A. pseudo- 
brassicae mas commenced. This work was continued without a break 
until Aug~ist 7. During the latter month it was hot and dry, so the 
host plants did not grow well, and the lice gradnallv died. It is doubtful 
if the lice can be raised throughout the year upon the turnips, since it 
is quite probable that there is an alternate host plant. However, the 
lice were reared upon turnips in  the cages long after they disappeared 
from the fields. The cage studies were again started on September 
14, the time that the lice returned to the turnips in  the fields. This 
series mas continued for one year, until September 14, 1915. After 
June 23, 1915, radishes were used for host plants, as in  the fields the 
lice seemed to prefer them to turnips, which naturally do not grow well 
a t  this season of tile year. 

Fig. 5-Sucoession of Generations in the Turnip Louse. 1914-1915. 

Yo sex forms have eyer appeared i n  the cages, and only twice have 
winged agamic females developed in the cages. The sex forms have 
never been observed in  the field, though a search was made for them 
in the extreme northern part of the State. 

The generation series given in  Tahles I and I1 are of the first born 
individuals only, and give but the maximum number of generations 
which may occur in a given time. There will naturally be a variation 
in the number that will occnv in a year, ap there is a variation . 
in the life history of the individuals. From January 18, 1914, to 
"-gust 3, 1914, twenty generations were obtained in the cages. From 



September 14, 1914, to September 14, 1915, thirty-five generations 
were secured. These experiments were conducted out-of-doors, under 
as nearly natnral conditions as it was possible to imitate. 

AGE dT WHICH THE FEMALES BEGIN REPRODUCING. 

Climatic condiiions, and especially temperature, exert a very great in- 
fluence upon the age at  which the !ice begin to reproduce. I n  January, 
1914, the average time from the birth of the louse to the date of its first 
offspring was l u a y s ,  during Febrnary 17  day?, March 1 3  days, April 
12 days, May 8 days, Jnne Fi days, July 11 days, September 11 days, 
October 12 days, November 10 days, and during December 17 days. 
I n  January, 1915, the average time of this period was 21 days, in Feb- 
ruary 17  days, in  March 23 days, in April 9 days, in May 6 days, in 
June 7 days, in  .July 6 days, and in  August 8 days. The greatest 
length of this period occurred during the latter part of February and. 
the first half of March, 1914. The shortest period, 4 days, occurred in  
June, 1914. 

REPRODUCTIVE PERIOD. 

The climatic conditions exert as great an influence upon the repro- 
ductfve period as they do upon the age a t  which the lice begin to re- 
produce. The total number of offspring is less during the cooler parts 
of the year, but during those months when the total number of young 
produced is about the same-April and May, and September and Oc- 
tober-the length of the reproductive period is longer when the tem- 
perature is low. I n  February, 1914, the reproductive period was 24 
days, March 19 days, April 19 days, May 17 days, June 14 days, July 
15 days, September 19 days, October 19 days, November 15 days, and 
during necember the period again exceeded 31 days. I n  January, 
1915, the reproductive period exceeded 31 d a ~ s  and extended into Feb- 
ruary. I n  February this period again exceeded the month, and also in 
March the reprodncti~-e period extended over more than a month. I n  
April this period was 22 days, Map 15 days, June 18 days, July 19 
days, and in  A u p ~ s t  this period was again more than a month. The 
greatest period of reproduction occurred during the months of Decem- 
ber and January. The ehortest period, 12 clays, was during the first 
half of June, 1914. 
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Sept. 14 ................ 
................ Sept. 22 

Oct. 6 ................ 
Oct. 17 ................ 
Oct. 30 ................ 

TABLE VI-LINE OF GENERATIONS-1914-1915. I& 
0 

Nov. 5 ................ 1 

Date of 
Birth. 

Nov. 14 ................ 
Dec. 1 ................ 
Dec. 15 ................ 
Jan. 5 ................ 
Jan. 27 ................ 
Feb. 15 ................ 
Mar. 3 ................ 1 

Date of 
Maturity. 

Mar. 29 ................ 
................ April 10 

April 18 ................ 
April 28 ................ 

I 

.May 5 ................ 
May 13 ................ 

................ May 21 

................ May 26 
June 3 ................ 

................ June 11 
June 21 ................ 
June 28 ................ 
July 4 ................ 
Julv 10 ................ 

Date of 
First 

Young. 

July 18 ................ 
July 25 ................ 
July 31 ................ 
Aug. 8 ................ 
Aug. 16 ................ 
Aup. 26 ................ 

I 

Sept. 3 ................. 
Sept. 9 .................. I 

Age, Days. 

Nov. 4 
Nov. 13 
Nov. 30 
Dec. 14 
Jan. 3 
Jan. 25 
Feb. 13 

I 

Mar. 1 
Mar. 28 

Date of 
Last 

Young. 

June 2 
June 10 
June 20 
June 27 
July 3 
July . 9  
July 17 
July 24 
July 30 
Aug. 7 
Aug. 15 
Aug. 25 
Sept. 2 
Sept. 8 

I 
Sept. 22 
Oct. 6 
Oct. 17 
Oct. 30 
Nov. 5 
Nov. 14 
Dec. 1 
Dec. 15 
Jan. 5 
Jan. 27 
Feb. 15 
Mar. 3 
Mar. 29 
April 10 
April 18 
April 28 
May 5 
May 13 
May 21 
May 26 
June 3 
June 11 
June 21 
June 28 
July 4 
July 10 
July 18 
July 25 
July 31 1 Aug. 8 
Aug. 16 
Aug. 26 
Sept. 3 
Sept. 9 

Repro- 
ductive 

Period, Days. 

I 

Junk 3 1 
June 11 
June 18 
July 1 
July 6 
July 10 
July 18 
July 30 
Aug. 13 
Aug. 24 
Sept. 2 
Sept. 8 

Total 
Young. 

8 Oct. 11 
7 Oct. 27 
8 Nov. 3 

10 Nov. 12 
10 Nov. 20 
7 Dec. 15 
2 Jan. 15 
4 Jan. 21 
3 '  Feb. 14 
4 Mar. 9 
5 April 7 
5 April 12 
7 April 19 
8 May 2 
8 May 5 
9 May 12 

10 May 20 
11 May 28 
10 June 4 
10 June 12 
8 June 19 
7 July 2 
8 July 7 

10 July 11 
10 July 21 
7 Aug. 1 
5 Aug. 15 
5 Aug. 27 
4 Sept. 4 
3 Sept. 10 

Average 
Per Day. 

Maximum 
Per Day. 

Date of 
Death. 

of 
Total Days 

Generation. 



LONGEVITY. 

The life of this louse is much longer in  the spring and fall than in  
he summer, hut is longest during the winter months. During this 
ime a single generation may live over a considerable period of time. 
?he length of the life of a generation upon the alternate host plant 
nay qary much from that ascertained when turnips were used. The 
ength of the life of each generation is shown in  Tables V and VI. 

AVERAGE NUMBER OF YOUNG DAILY. 

The averages here given are made from the total number of young 
reduced during the reproductive period of a generation. During 
rannary, 1913, thic daily arerape mas 1.8, during February 2.5, March 
, April 5.0, Map 6.4, .Tune 6.0, July 2.3, September 4.8, October 5.4, 
member 6.2, and during December 2.2. During January, 1915, the 
ily average was 1.9, Fehrnary 2.1, March 2.5, April 5.0, May 6.7, 

r ,,ne 5.4, July 5.3, and August 2.3. 

RATE 'OF INCREASE. 

co: 
pl : 

41.: 

lic 
to 
thc 

To those who are not familiar with plant lice it seems strange, in- 
ieed, that a turnip patch can be de~troyed i n  such a short time by lice. 
When the rate of reprodu;tion is known, it is  possible to appreciate 
low the lice can increase in number so as to destroy a field of turnips. 
'"my estimates have been made on the possible reproduction of plant 

e, and the numbers obtained are so large as to be beyond meaning 
the human mind. The turnip louse is among the most prolific of 

? plaut lice. I n  the cage experiments 35 generations were obtained 
twelve months. None of the lice produced less than 25 young, and 

1st of the females gave birth to 80 to 100 young each. The greatest 
ily reproduction  as 12, but 8 per day was not uncommon, and 6 
ung was very frequent. It is not surprising, when these figures are 
nsidered, that if a fern lice are left when the turnips are sprayed, the 
ints will he covered again in the course of a few days. 
The following table gives the comparison of the reproduction in  the 
nged and wingle~s lire. The table shows that the reproductive period 
the winged lice iq ~hor te r  than that of the wingless lice. The daily . 
mber of offsprinq is less i n  the winged lice, and of course the total- 
mber of young produced by then1 is rnucl~ less than the number pro- 

ruced by the wingless females. 
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24 .................. 46 41 98 
25 .................. 49 43 98 
26 .................. 45 34 90 
27 .................. 47 29 ................................................................................................................................................................................. 98 
28 .................. 58 30 ................................................................................................................................................................................ 99 
29 .................. 59 43 ................................................................................................................................................................................ 99 
30 .................. 55 32 ........................................................................................................................ : ....................................................... 85 
31 .................. 59 29 ................................................................................................................................................................................ 94 

1915 ................................................................................................................................................................................ 96 
Jan . 1 .................. 64 30 

2 .................. 68 34 ................................................................................................................................................................................ 100 
3 .................. 45 34 ................................................................................................................................................................................ 96 
4 .................. 67 45 ........ M ................................................................................ M M ................................................................. 90 
5 .................. 67 48 ........ 1 , ........................................................................................................................ 93 ........................................ 
6 .................. 59 42 ........ 1 ................................................................................ 1 ........................................................................ 100 
7 .................. 63 33 ........ 1 ................................................................................ 1 ........................................................................ 97 
8 .................. 66 43 ........ 1 .................. .: ............................................................ 0 ........................................................................ 97 
9 .................. 65 33 ........ 2 ................................................................................ 1 1 ................................................................ 100 

10 .................. 64 51 ........ 1 ................................................................................ 0 1 ................................................................ 100 
11 .................. 54 42 ........ 2 ................................................................................ 1 2 ................................................................ 86 

................................ 12 .................. 62 29 ........ 2 ................................................................................ 1 2 : ............................... 100 
13 .................. 66 38 ........ 2 ................................................................................ 1 0 ................................................................ 100 
14 .................. 72 43 ........ 1 ............................................................................... 0 1 ................................................................ 100 
15 .................. 73 42 ........ 1 ................................................................................ 0 1 ................................................................ 100 
16 .................. 65 45 ........ 2 ................................................................................ 1 0 ................................................................ 99 
17 .................. 45 33 ........ 1 ................................................................................ 2 0 ................................................................ 78 
18 .................. 50 28 ........ 2 ................................................................................ 1 0 ................................................................ 100 
19 .................. 63 33 ........ 2 ................................................................................ 1 0 ................................................................ 86 
20 .................. 71 38 ........ 3 ................................................................................ 1 1 ................................................................. 99 
21 .................. 72 41 ........ 3 ................................................................................ 1 1 ................................................................ 100 
22 .................. 66 36 ........ 2 ................................................................................ 0 1 ................................................................ 99 

.................. ........ ................................................................................ ................................................................ 23 37 27 0 0 1 80 
24 .................. 37 28 ........ 2 ................................................................................ 0 1 ................................................................ 94 
25 .................. 50 23 ........ 2 M ........................................................................ 0 0 ................................................................ 100 
26 .................. 52 36 ........ 2 0 ........................................................................ 0 1 ................................................................ 100 

........................................................................ 27 .................. 50 43 ........ 2 1 1 1 ................................................................ 100 
28 .................. 45 39 ........ 2 1 ........................................................................ 1 1 ................................................................ 92 
29 ................ 58 42 ........ 2 1 ............................................................ : ........... 0 0 ................................................................ 99 
30 .................. 65 54 ........ 2 1 ........................................................................ 0 2 ................................................................ 99 
31 .................. 68 52 ........ 2 2 ........................................................................ 0 2 ............................................................... 100 

Feb . 1 .................. 58 36 ........ 2 2 0 1 ............................................................... 95 
2 .................. 62 33 ........ 2 2 0 1 ................................................................ 99 
3 .................. 76 43 ........ 3 3 0 1 ................................................................ 96 
4 .................. ........ 0 0 ................................................................ 100 
5 .................. ........ 1 1 M  ........................................................ 86 
6 .................. ........ 1 1 ................................................................ 91 
7 .................. ........ 0 1 2 ........................................................ 95 
8 .................. ........ 1 1  0 ....................................................... 88 
.................. ........ 100 

...... ........... o 1 98 

~tured; B, born; D, died . 



TABLE VII-REPRODUCTION I N  WINGED AND WINGLESS LICGContinued.  
tb - tP 

I I 

I 
Date. 

12 ............... 
.................. 13 

14 .................. 
15 .................. 
16 .................. 
17 .................. 
18 .................. 
19 .................. 

.................. 20 
21 .................. 
22 .................. . 23 .................. 

.................. 24 
25 .................. 
26 .................. 
27 .................. 
8 .................. 

Mar. 1 .................. 
2 .................. 
3 .................. 
4 .................. 
5 .................. 
6 .................. 
7 .................. 
8 .................. 
9 .................. 

10 .................. 
11 .................. 
12 .................. 
13 .................. 
14 .................. 
15 .................. 
16 .................. 
17 .................. 
18 .................. 
19 .................. 
20 .................. 
21 .................. 
22 .................. 

.................. 23 

.................. 

.................. 
24 
25 .................. 26 .................. 

Wingless. Temp. 

Max. Min. 

7 2  
71 
70 
66 
70 
66 
64 
70 
64 
69 
71 
62 
65 
67 
54 
68 
56 

.55 
51 
61 
64 
63 
65 
49 
40 
38 
44 
56 
62 
62 
70 
69 
56 
53 
73 
63 
55 
49 
68 
57 
73 
82 
69 

27 

53 
45 
43 
41 
44 
47 
51 
57 
55 
59 
40 
38 
42 
48 
45 
43 
37 
45 
49 
50 
35 
41 
33 
33 
32 
36 
34 
46 
40 
40 
48 
36 
35 
35 
42 
31 
34 
27 
34 
37 
54 
55 

1 2 ------ 
. . . I i  

67 

Max. - 
98 

100 
98 
86 
84 
76 
96 

100 
99 
99 
99 
89 
98 
92 

100 
100 
95 
80 

100 
100 
100 
100 
99 
95 
82 

100 
95 
96 
86 
98 
99 

100 
85 
99 

100 
100 
85 
82 
84 

100 
90 
98 
90 1 

........ 

........ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

- 
11 

..: 

..................................................... 

................................................................................ 

................................................................................ ................................................................................ 

................................................................................ 

................................................................................ 

................................................................................ 

................................................................................ 

............................................................................... 

................................................................................ 

........................................................................................ 

........................................................................................ 

........................................................................................ 

........................................................................................ 

........................................................................................ 

........................................................................................ 

........................................................................................ 

I I 

Humidity. 

Min. - 
53 
32 
32 
36 
27 
41 
64 
60 
84 
79 
26 
43 
35 
39 
60 
47 
65 
49 
75 
98 
52 
39 
65 
50 
63 
74 
63 
47 
50 
41 
37 
41 
43 
50 
33 
52 
33 
29 
30 
34 
39 
50 
66 

a 

............. 

- 

........................................................................ 

......................................................................... 

3 4 10 

4 1 ........................................................................ 

58 

D 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

1:: 4 I 

h ( i  

46 ...,.... 3 

........................................................................................ 
..................................................................................... 

........................ 
3 
3 

...................... 5 

b l c  
1- - 

d+ e j l k  
- 

........................................................ ........................................................ 

........................................................ 

........................................................ 

........................................................ 

........................................................ 

........................................................ 

........................................................ ................................................ 

........................................................ 

........................................................ 

................................................. ........................................................ 

....................................................... 

........................................................ 

3 
2 
2 
2 
2 
2 
2 
2 
2 
3 
1 
3 
2 
2 
3 
1 
1 
2 
3 
2 
1 
1 
1 
1 

D 

2 1 

2 
3 
2 
1 
1 
1 
1 
0 
0 

D 

...................... 

................................................. 

0 
1 
1 
1 
0 
2 
2 
2 
2 
3 
2 
0 
0 
2 
2 
3 
0 
0 
3 
0 
0 

D 

- 

................................ 

.......................... 

................................ 

- 

................................................ 

............................................... 

................................................ 

................................................ 

................................................. ................................................ 

................................................ 

................................................ 

........................................... 

.......................................... 

................................................ 

................................................ 

................................................ 
........................................ 

................................ 

................................ 

............................ 

................................ 

............................ 

.......................... 

................... 

................................ 

........................... 

.......................... 

................................ 

Winged. 

f l g  
M 
0 
2 
2 
2 
1 
3 
2 
2 
2 
2 
1 
3 
1 
2 
1 
1 
2 
2 
2 
0 
1 
1 
1 
1 
1 
2 
2 
2 
3 
4 
1 
2 
3 
1 
2 
1 
2 
1 

3 
3 
4 . . .  

M 
0 
3 
3 
2 
2 
2 
1 
1 

. 2 
3 
3 
4 
5 
1 
1 
3 
2 
2 
1 
2 
1 

I 

1 
1 
0 
0 

D 
........ 
. . .  ........ 
..... 
........ 

:.. 

- 

M 
0 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
L 

- 

....... ; 

.............. 9 

- 

M 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
1 
1 

....................................................................................... 

1:::::::: 
........ 
........ 

................ / 

- 

M 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 I ...... 

................................................ 

................ 

1 I ........ 

................................................................ 

................................................................ 

................................................................ 

................................................................ 

................................................................ 

................................................................ 

................................................................ 

................................................................ 

..: 
................................................ 

...................................... 

................................................................................ 

................................................................................ 

................................................................................ 

................................................................................ 

............................................................................. 

................................................................................ 

................................................................................ 

................................................................................ 
........................................................................ 

........................................................................ 

: 



28 .................. 
29 .................. 
30 .................. 
31 .................. 

April 1 .................. 
2 .................. 
3 .................. 
4 .................. 
5 .................. 
6 .................. 
7 .................. 
8 .................. 
9 .................. 

10 .................. 
11 .................. 
12 .................. 
13 .................. 
14 ................. 
15 .................. 
16 .................. 
17 .................. 
I8 ................... 
19 .................. 
20 .................. 
21 .................. 
22 .................. 
23 .................. 
24 .................. 
25 .................. 
26 .................. 
27 .................. 
28 .................. 
29 .................. 
30 .................. 

May 1 .................. 
2 .................. 
3 .................. 
4 .................. 
5 .................. 
6 .................. 
7 .................. 
8 .................. 
9 .................. 

10 .................. 
11 .................. 
12 .................. 
13 .................. 
14 .................. 
15 .................. 
16 .................. 1 

M. matured; B. born; D. died; L. lost . 

........ ..... 3 3 M  ................................................................................ 0 2 
............................................................................... ........ I::::::::::: ..... 3 3 3 L 2 . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1  5 ....................................................................................... 1 1 2 

........................ 4 ........................................................................................ I l l  1 

........................ 0 0 1 ........................................................................................ 0 

........................ 2 3 2 ........................................................................................ 1 

........................ 2 2 3 ........................................................................................ 1 
........................................................................................ ........................ 3 3 5 1 M 

....................... 3 2 5 ........................................................................................ 2 0 

........................ 3 4 7 ........................................................................................ 2 1 

........................ D . 5  6 ........................................................................................ 2 3 

................................ 4 7 ........................................................................................ 2 . 2  
................................................................................ ............................... 3 6 M  2 3 

................................ 3 5 3 ................................................................................ 1 2  

........................... 3 5 3 ................................................................................ 2 2 

................ 1::::: ........... D 4 *6 ................................................................................ 2 3 

......................................... 7 4 ................................................................................ 0 1 
................................................................................ I ........................ 6 6 0 2 ................ 
................................................................................ ................ 1 ........................ 6 6 D 4 

................ 1 ........................ 6 6 ........................................................................................ 1 

........................................ 5 3 ........................................................................................ 1 M  

........................................ 5 4 2 ................................................................................ 3 0 

........................................ D 5 4 ................................................................................ 2 3 
................................................................................ ................................................ 7 6 0 2 
................................................................................ ................................................ 8 8 1 3  

................................................ 5 .  8 ................................................................................ 1 1 

................................................ 3 7 ................................................................................ 0 1 

................................................ 7 7 ................................................................................ 0 3 

................................................ 3 7 ................................................................................ D 4 
....................................................................................... ................................................ 6 8 3 
........................................................................................ ................................................ 5 8 4 

............................................................................... ................................................ 4 8 8 4 

................................................................................ ................................................ 5 5 10 2 
.................. ............................................................. ................................................ 2 5 8 : 3 

2 5 8 4 ................................................ ............................................................................... 
................................................ D 7 12 ................................................................................ 3 
........................................................ 5 9 ............................................................................... 0 

..... ........................................................................... ........................................................ 3 6 * D 
........................................................ D 8 3 ................................................................................................ 

................................................................................................ ................................................................ 8 4 

................................................................................ ................................................................ 8 7 

................................................................................ ................................................................ 6 5 

................................................................................ ................................................................ 6 8 
................................................................ 3 9 ................................................................................ 
................................................................ 3 5 ............................................................................... 

................................ 98 

................................ 100 

................................ 

................................ 

................................ 

................................ 

................................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

M 
4 
4 
4 
2 
5 
3 
4 

I:::::::: :::::::: ........ ........ I : 

92 
94 

100 
100 
87 

100 
100 
87 
92 
96 
98 
97 
98 
99 
99 
98 
99 

-100 
................ 99 

97 
100 
100 
99 

100 
100 
96 
99 

100 
100 
100 
100 
100 
99 
90 

100 
100 
100 
100 

........ 100 

........ 100 

........ 96 

........ 99 

........ 100 ........ 99 

........ 93 

........ 100 :::::::I :D 



TABLE VII-REPRODUCTION I N  WINGED AND WINGLESS LICE-Continued. 
- - 

- 
- -  % 

Temp. Wingless. Winged. Humidity. 
Date. 

i. Q 

L. 3 
H 

- 3 
- b 

F 

6 
' w 

- -  M 
- - -  w 

2 
- M 

3 
- ?  +- 

9 

17 .................. 
18 .................. 
19 .................. 
20 .................. 
21 .................. 
22 .................. 

c 1 d a Max. ---- 
100 
100 
98 
98 

100 
99 

b e --------- 
........................................................................ 
........................................................................ 
........................................................................ 
........................................................................ 
........................................................................ 
................................................................ 

Min. -: 
-. 

46 - 
g: - 2  
55 W 
57 -. + 
47 

Max. - 
87 
87 
86 
90 
89 
90 

6 - 

................................................................................ 

................................................................................ 

1 - Min. - 
63 
64 
72 
73 
75 
71 

f 3 - 2 - 7 - g 4 - 5 - 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

10 - 
10 
10 
4 

D 

8 - h 9 - i j 

2 
1 
4 
1 
1 

D I ........ 

k 

........ 

........ 

........ 

........ 

........ 

........ 



EFFECT O F  TEBCPERATURE ON DEYELOPMENT. 

The winter of 1913-14 presented many unusual cliinatic conditions 
and afforded an excellent opportunity to study the effect of weather 
conditions upon the habits of the lice. On January 17, 1914, when the 
generation experiments were started: the weather was warm. At  this 
time the females mere producing from 5 to 8 young per day. For 
some time previous to this i t  had been quite cool and the increase in  
temperature stimulated reproduction and the females responded very 
quickly to the changes in  ieinperature. On the night of February 6, 
1914, the temperature suddenly fell to the unusual point of 17" F. 
The next day was cool, ~ n r l  the following night mas quite cool, 32", but 
the following day mas much warmer. On this day the females under ob- 
se-ation gave birth to an average of 2 young. Several winged lice 
alco developed on the plants in  the cages. During the week of Feb- 
ruary 10 to 17, 1914, two quite hard freezes occurred, but the days 
were warm. The daily reproduction did not seem to be seriously 
affected by the low night temperatures. TITinged females continued to 
develop in the cages during this time. The latter part of February 
mas quite cold for a period of a week. The reproduction at  this time 
was very materially reduced, and but few winged females developed in. 
the cages. 

During early March a patch of turnips was artificially infested with 
A. pseudobrmsicae. At that time it was quite warm and the females 
soon became established upon the plants. Within a week after the lice 
were transferred, good-sized colonies were found around each female. 
Reproduction materially increased during the warm days and decreased 
on the cool days. The period from March 20 to 30 was cooler 
t h m  the preceding t r o  weeks and the drop in  reproduction was very 
noticeable. The warm period which followed caused the daily repro- 
duction to go up from 3 or 4 to ?', S or 9. April 7 to 12 was 
again cool, and the rate of reproduction dropped to 2 young per day. 

SUMl~fER REPRODUCTION. 

During the summer months the reproduction is low. When the hot- 
test day: of the summer occur there is no reproduction, even for days 
at  a time. 'It is quite evident that the summer conditions are much 
harder for the lice to withstand than arc the winter conditions. 

OTFIER SPECIES FOUND. 

There are tvo other species of plant lice which map be found upon 
the same plants on which the turnip louse feeds. Very often one or 
both of the species have been taken upon the plant at  the same time. 

The cabbage 'louse, A. hru.s.sicae Linn, is often found upon cabbage, 
especially in the fall, and is often mistaken for the turnip louse. 
Wherever the cabbage lolxse is found it is a serious pest upon the plants 
attacked. The cabbage louse is known to feed upon most of the known 
host plants of the turnip louee. I n  Texas the writer has observed the 
cabbage louse upon plnnts other than cabl~age but once; in  the spring 
of 1915 a few colonies were found upon turnips. I n  the past it has 



been thought that the cabbage lonse was responsible for the injury to 
winter turnips, and there is no doubt that the turnip louse has not yet 
been recognized in many sections. I n  reply to inquiries, several ento- 
mologists stated that the cabbage louse was known to be present and 
that the winter turnips suffered from the attacks of a plant louse. 

It is a comparatively- easy matter to distingui~h the cabbage louse 
froin the turnip lowe. This is especially true of the wingless female, 
which in the case of the cabbage louse is covered with a cottony sub- 
stance, whereas the turnip louse is hare. The winged females of the 
cabbage louse have distinct tran~rerqe bands npon the abdomen, which 
are not found npon the turnip louse. 

The Green Peach-Aphis, Afyxss persicae Sulz, sometimes called the 
"qarden aphis," has verp often been found upon turnips, and by some 
has been mistaken for the turnip louse. The variation in  appearance 
and the great range of host plants has caused much confusion in the 
determination of this species. The synonyms of this species are listed 
by Gillette," who also describes the various forms. Those forms which 
have been taken during the investigations on the turnip louse are called 
by Prof. Gillette the apterons viviparous female, second gelieration and 
the ~ p r i n g  migrant. This species is most always present upon turnips 
and radishes, though never in  sufficient numbcrs to do any injury. 
The louse was present in numbers in the out-of-door cages during the 
winter of 1913-14. This species is much more hardy than the turnip 
louse, though i t  is not nearly as prolific. During the winter the low 
temperatures did not affect the garden aphis nearly as much as they 
did the turnip lonse. During the fall of 1913, when the fungus dis- 
ease, Empusa, was working such destruction of the turnip louse, the 
garden a p h i ~  was not attacked until most of the turnip lice were d c  
stroyed. Under such conditions the garden aphis served to carry over 
the fungus until the turnip lcuse again appeared. The parasites, which ' 

were abundant, dici 1i0t attack the garden aphis until the food supply 
of the turnip lice was almost exhausted. Only when the turnip lice 
were about gone would the coccinelid~ Peed upon the garden aphis. The 
garden aphis was alwavs found verp closelr associated with the turnip 
louse, the colonies of the two species being often intermingled upon the 
same led .  

The young of these two species are quite similar in general appear- 
ance under casual observaton. The apterous females of the garden 
aphis are pale green in color with no mtlrliiugs upon the body, though 
occasionally thc eyes of the young appear a? pink spots on the abdomen. 
The general shape of the body of this species is much elongated. The 
winged females of the garden aphis closely resemble the turnip louse 
at  first appcai.ance, bnt when the two sp~cies can be closely compared 
i t  is found that the former eeenlr much darker, due to the presence of 
several blacli: lines across the ahrlomen. The body of the winged form 
of the qardeii aphis is elmgate, as arc the \ring-!ces.for&s. 

"Journal of Economic Entomolo,gv, Vol. I, No. 6, p. 359. 



NATUl?bL RNRMIFS. 

'!?he enemies of A. pseudobra~sicne are not a few, and the assistance 
which they give the qrower can hardlr he estimated. These enemies may 
be grouped into ps~rasites, or enemies, which develop within the body of 
the host, predaceo~is en~mier,  or t h o ~ e  which feed upon the lice ex- - ternally, and disease which grovs upon the outside of the lice. There 
are two species of parasites which have been very important in the con- 
trol of the turnip louse, Dipretus rapae Curt., and L~siphlebus  testa- 
ceipes Cress. Other parasites have been taken in  the studv of the louse, 
but they were always present in limited numbers. Of the predaceous 
enemies two species of lady beetles, .'lifegilla maculata DeG., and Nip-  
pndrnicc contcrgens Quer., have bren very effective i n  checking this 
pest. Sprphid flicq and lace-wins flies have been present in limited 
numbers. A fungws disease was ve1-y effective one season in the con- 
trol of the turnip louse. 

PARASITES. 

Diaeret~rs rnpae Curt. 

fe: 
an 

The turnip louse ha9 heen very seriously attacked at  College Station 
r this specips of parasite.* During the season of 1913 it was present 
I great numbers, and was a very i m p ~ r t a n t  factor in  controlling the 
:st. I t  has not hem taken at  an\- other place in  connection with the 

,,udv of A .  p~o~~Fohra~sic.ae. The following descriptions are taken from 
~ a r j r l a n d  Bulletin No. 1.52, by Mr. A. R. Gahan: 

Diaeretus mpae Curt.; Aphidius rapae Curt.; Trioxys piceus Cress.; Aphidius 
brassicae Marsh. ; Diaeretus californicus Baker. 

Female: Length 2 mm. Head and thorax black, smooth and shining. Head 
transverse not wider than the  thorax, the temples rather broad and convex, not 
sloping abruptly from the  eye margin, clypeus tramverse, about twice as  wide 
a s  long. Mouth parts reddish yellow, the palpi often fusco113. Antennae 13-15- 
jointed, (most often 14-jointed), entirely black or dark  brown. Parapsidal fur-  
rows present a t  the  anterior lateral angles of the mesonotum; propodium with 
distinct median longitudinal and transverse carinae, the former dividing a t  
the intersection with the lat ter  and enclosing a short  and very narrow areola 
at the base of the petiole, ( th is  areola is variable in width, being hardly dis- 
--rnible in some specimens). Wings hyaline, veins and stigma brown; the  post- 

arginal vein and stub of radius are nearly equal, t he  lat ter  extending about 
le-third of the distance t o  the  wing apex; the cubital vein recurrent nervure 
~d cubital cross-veins a r e  entirely effaced. Anterior legs including their coxae 
llow; median and hind coxae mostly black, yellowish a t  the apices, their 
mora and tibiae brownish; tarsi  all fuscous. Abdomen longer than the  head 
~d thorax, often entirely black but  usually reddish brown. 
Male: Antannae 16-18-joined. All legs usually dark  bronrn, nearly black. 
>domen not longer than the  head and thorax. Qtherwise similar t o  the female. 

Rabitat: United States and Europe. 
Eost : Aplris brassicne Linn. 
The details of the life historv of this insert have not bcen worke'rl 

out, but much time has been taken to  carefully observe it under field 
~nditions. There are a great many points in  i t  which closely resembles 
- 
*Determined by Mr. A. B. Gahan through the courtesy of Prof. F. M. Web- 

--:r of the Bureau .of Entomolog~.  



Lysiphelebus testnceipes Cress., the life history of which is given in 
detail by Webster (1.c.). 

Egg-!aping probably begins within a few hours after the adult parasite 
emerges from its host. \Ire cannot say if the females will deposit eggs 
when the males are not present and if these eggs will hatch partheno- 
genetically, as is the case with Lysiphbebus testa,ceipes Cress. I n  some 
caqes kept inside during February and March, 1914, the parasites - 
which emerged gathered immediately on that side of the cage nearest 
the window. Here they were very active, golng u p  the side until the 
top was reached, falling to the bottom and starting u p  again. Within 
the course of a few honrs the parasites woulc1 return to the louse-in- 
fested plant. The manner of oviposition is much the same as in  Lysi- 
phlebus testnceipes, shown i n  Fig. 7. While ovipositing the females 
seem very excited and act as though they were prepared to make their 
escape at  any time. Under natural conditions, it is very probable that 
only one egg is laid in a qingle louse, as in the cages we never observed 
more than one parasiie developing within one louse. 

I n  January, 1914, the adult parasites were kept alive for seven days, 
though i t  may be that the adult life is quite long at  that time of the 
year. I n  October, 1913, we were not able to keep the adults confined 
in tubes over three days, and most of them died within two days. The 
parasites seem to prefer to oviposit in the Founger lice, those which 
have passed the second or third moalts. Most of the apterous lice 
mature and many of them reproduce 'or t~vo or three days, produc- 
inz as many as ten young in a few instances. However, the daily pro- 
duction is much reduced in  the parasitized lice. Only once has a 
winged louse been observed that died from a parasite, and dead pupae 
have never heen ceen. The dead lice seem -very securely fastened to the 
leaf on which they were feeding before death. A slight cocoon spun 
by the larva of the parasite is attached to the body wall of the louse 
and, through a hole which has been previously cut by the larva, to the 
leaf surface. The skin of the dead louse is dull brown in color, parch- 
ment-like in  texture and seemingly water-proof. We have not been 
able to ascertain the number of lice that a single Diaeretus will para- 
sifize, but it is evidently not as many as Lysiphlebus which, according 
to TVebster (LC.), averages 94. 

This species of parasite was describer1 from specimens of A. brassicae. 
Tlie p re~en t  experiments have been conducted entirely with A. pseudo: 
bmssicne. About May 7, 1914, when most of the turnip lice were 
dead, a few Dinerefus mere talien from Mlyzus porsicae. 

Diaeretus was first taken in  1913 on October 9, when they were 
working on ihe lice feecling upon turnips. The lice were nearly all 
apterous, and the infe~tatioli was quite heavy. The first dead lice were 
talcen just a few clays later in the same patch. Dnring the last two 
weeks of October but few parasites were ohserved, though the dead lice 
mrele abundant in all the fields in this vicinitv. The parasites seem 
to be able to detect a heavily louse-infested area of plants and to move 
to i t  quickly. On November 2, all of the host plants of the lice in  a 
garden had heen sprayed or fumigated, except a few radishes. Here, 
two davs later, the parasites were verv abundant and hardly a one 
could be f ~ u n d  around the treater1 plants. A week later these rad- 



i s h ~ s  were fumigated ilnd then thc parasites were found among mustard 
plants. where the louse infestation hacl just started. By November 19, 
1013, f~llly 20 per cent. of the lice in the College @ d e n  were para- 
sitized. The heavy rains which occurred from November 28 to Decem- 
ber 8 killed almost every louse and apparently the para8ites. 

niaerctus was next taken on January 13, 1914. I n  the out-door 
cages a few dead lice were seen, making it evident that the parasites 
had been present some time previous. The last week i n  December was 
very cold, but the fir4 meek in January was mild. TVebster (1.c.) 
states that Lllsiphlebus pan survive very low temperatures in  the full- 
gown larval stage. The larvae of niaeret~cs must have been nearly 
full-grown before the serv cold weather of late December and the warm 
spell during early January enabled them to pass through the pupal - 

stage and emerge as adults on January 13. The parasites continued to 
emerge over a period of a meek. On January 17, more dead lice 
were observed upon the caged plants, which was evidence that the adults 
of Diaereti~s had heen present for some time before. During the first 
serenteen daps of January the average dailv mean temperature was 50" 
F.. and at  this temperature the larval development was not stopped. 
Adult parasites emerged from the dead lice collected on January 17, 
sixteen days later, or on February 2. During this'period the average 
daily mean temperature was 59" F. 

On the night of ~~~~~~~~~v 6, the very low temperature of 17" F. . 
occurred, at  which time all of the t ~ ~ r n i p s  were badly frozen and 5 per 
cent. of the lice were killed. Some of the lice which died from para- 
sites four days previous and mhich vere exposed to this low tempera- 
ture, were put in a cage inside but with no heat. Eleven days after the 
freeze, and fifteen davs after the lice died, parasites emerged. They 
continued to emerge for a period of seven days. The pupal stage of 
this brood of parasites varied from 15 to 22 dnvs, during which period 
the average dailjl mean temperature was 49" F. The reason for this 
variation is hard to explain. It is evident that the parasites in  the 
pupal stage are able to withstand low tempratures and to  develop at  
~ O T T  temperatures. The adult parasites were again active in  the out- 
door cages on February 21, at  which time a few lice were observed 
and within the next two days many were seen. On March 0; 16 
davrz f r ~ m  the maximum activitv of the last brood, the parasites were 
active again. During this periid the average daily meah temperature 
mas 48" F. 

The fir4 Diaeret7rs taken in the field .Kas on March 25. It is pos- 
sible that these esccped from the cages and did not survive the winter 
in the field. The first dead lice were taken in the field only two days 
later, which is evidence that the parasites hnd been present for some 
time bet'ore they were observed. The number of dead lice increased 
rapidly for a few weeks and threatened the destruction of all the lice 
for experimelltal work. It was not pn~sihle to determine the entire life 
history, but from the obs~rvaiions made there is a decided overlapping 
of broods, especiallv during the periods of low temperature. The para- 
sites wece constantlv present in the fields until May 13, a t  which time 
most of the turnip lice mere dead. 

On Novemher 12, 1913. some heavily infeeted radish plants were 



fumigated with tobacco stems. On the following day many parasitized 
lice 1veI.e collected from thesc plants and placed in a cage in the lab- 
orntory. At the end of a weck tt parasite hacl emerged from every 
lonae collected. This pinale experirnei~t confirms the field observations 
that fumigation does not injure the pupae within the lice. Of course, 
there are many lice with parasite larvae i n  them, and as such lice dry 
up after the fumigation the parasites do not mature. 

On Kovember 17, 1913, some infested cabbage plants were sprayed 
with Black Leaf-40 and whale-oil soap. Para~itized lice were collected 
from these plants on the day following t h e  application. These lice were 
placed in a cagc in the laboratory. Within two days parasites had 
emergecl from all lice in  the cage. Our field observations confirm this 
experiment, ihat the soap and Black Leaf-40 sprays do not injure the 
pupae of the parasite within the body of the host. The lice which are 
struck by the spray rlry up a t  once, and of course the larvae of the 
parasites are killed. 

As only one caw has been recorded of a winged louse being para- 
sitized, i t  is hard to say that Dineretus is disseminated to any great ex- 
tent by the host flying from field to field. Webster (1.c.) says that a part, 
at  least, of the dipperpion of Lysiphlebus is due to this factor. It is 
very probable, hon pver-r: ihat the wingecl turnip lice are parasitized to 
a greater extcnt than has hecn ohscrved, which mould certainly make 
such means of iliqpersion important in the case of this parasite. 

.Throughout Ifarch, April and May the prevailing wind at College Sta- 
tion is from the South. During these months the wind is seldom in 
any othcr quarter for very long ai a time. 'Phis south wind is never 
heavy, so thc parasites may fly safely a great deal of the time. I t  is 
quite p~obat le  thct Dineretv.~ flies to a considerable extent from field 
to field, as they are 8ctive i n  the field at a11 times when a hard wind 
is not Flowing. This factor must exert much influence upon the dis- 
persion of this parasite. 

The tempel-ature exerts much influence upon the activity of Diaeretus. 
During the month of .Tanuarj-. 1914, the parasites were quite active in 
the outdoor cages when the daily mean temperature averaged 55" P. 
Parasites emerged from the lice in February when the average daily 
mean temperature was 53" Ti'., though the adults were not active at  this 
temperature. With the average dailv mean temperature of 49" F., the 
rate of reproduction bv ihe iicc mils hut 2 young per day. Below 49" 
F. reproduction is alrnost negligible, while above this point its rate in- 
creases rapirljy. The lice are, therefore, active at  temperatures fully 6" 
lower than thwe reqnjred for the activitv of Dinerefus. During March, 
when the averar;le daily mean temperature was 57.5" F., the parasites 
were very active in the fields. During April they were active, with an 
average daily mean temperature of 64.5" F. At  this time the average 
daily reproduction of the lice nras 5 yonnq. TVhaterer start the lice 
map have had nTas soon overcome by the parasites in  the slightly warmer 
weather. 

The parasites surely do not spread rapidly during times of much 
rain or periods of cold, mistv showers. A shower followed by sunshine 
seems to stimulate t h ~  parasites to flight, but a qlow, steady r a h  drives 
them to shelter under the leaves of the plants. 



Lysiphlebzls testaceipes Cress. 

This parasite has been taken in limited numbers from A. pseudo- 
brassicna in onr vork at  College Station. I t  lias also been taken at  
De Kalb, Wortham, AfcRinne3.; Tredell, and Hitchcock, Texas. I n  
these places i t  was the only parasite present ~ n d  was usually found i n  
great ni~mhers. It is without donbt an important parasite in the con- 
trol of the turr~ip lonse over the State. This parasite has been very 
efficient in the cortrol of the "green hug," which has been found in 
many of the secticns mentioned ahope. ?'he following descriptions are 
a k ~ n  from Maryland R u l l e t i ~ ~  No. 152, by Mr. A. R. Gahan: 

Fig. 6-Lysiphfebus fesfaceipes Cress., a parasite of the turnip louse. 
Adult female and antenna of male, greatly enlarged. (From Webster.) 

Lysiphlebus testaceipes Cress. ; Aphidius testaceipes Cress. ; L. tritici Ashm. 
Female: Length about 2 mm. Head distinctly transverse, as  wide as  t he  

horax a t  the tegulae, black, smooth and shining; the temples convex; not 
broad; clypeus transverse, about twice a s  wide as  long; mouth parts usually 
yellowish, occasionally fuscous. Antennae 11-13-jointed, (usually with 13 joints) 
black or brown-black, the  joints approximately equal i n  length throughout and 
about twice a s  long a s  thick; the two apical joints a r e  sometimes connate, . 
forming a single joint much larger than the others. Thorax black, smooth and 
shining, the  parapsidal furrows absent o r  only faintly indicated a t  the anterior 
angles of the mesonotum, the propodium flattened or depressed posteriorly, t he  
spiracles visible but not prominent. Wings hyaline, veins and stigma brown; 
the stub of cubitus varies somewhat in length but  is never longer than the  
crossvein, usually shorter; the cubital crossvein is  often indistinct, lacking the  
pi,ment, but can always be traced by a hyaline fold. Forelegs including their  
coxae yellow; middle and posterior ooxae, femorae, and tibiae, usually though 
not always fuscous, often nearly clear yellow. Abdomen Ianceolate, compressed 
a t  the apex, about one and a half times as  long a s  the head and thorax, black 
or brown-black, except the petiole which is  usually yellow; the ovipositor 
shenth black. 

Male: Antannae 14-15-jointed; the joints slightly shorter than in the female. 
Abdomen scarcely longer than the head and thorax, rounded a t  the apex.  mid- 
dle and posterior legs usually f u s c ~ ~ s ,  occasionally clear yellow. In other re- 
spects the male is like the female. 
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To the list of host plants as given by Webster (1.c.) Aphis pseudo- 
brassicac must be added. 

The life history of this parasite, which is given in detail by Webster 
, is briefly reviewed here. 
e females 11sually begin ovipoeiting within a few ho they 
ge, even when the males are not present, and the eg hatch 
lenogenicallp. The manner of ovipositi~ig is shown in r ig .  7 ,  
;h the attack is not always made in  this way. Very seldom is 
than one egg deposited in a single louse, and the number of lice 

1 a single parasite will "sting" varies greatly, being sometimes over 
Qlsiphlebzcs prefers to oviposit in those lice which are in the 

d or third instars. Lice stung at these ayes will mature and may 
lducc for t~vo  or three days. The length of the period from the 
o the adult varies greatlv, the averages for Aupu~t ,  September and 
ler being 15.9 days. The hosts of this parasite include several 
.a of Aphids which occur over most of the United States. Lysi- 
~ I L S  can withstand severe cold, for in the North it may survive the 
>r in the mature larval stare within the hod. The adults have been 

two wee1 erature was below freezing. 
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Fig. 7-Lysiphlebus teslaceipes ovipositing in the body of a "green 
bug." Enlarged. (From Webster.) 
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Winds e x ~ r t  a great influencc on the qpread of this parasite and the 
,itized lice in flying from field to field are a great factor in the 
reion of Lysi~~hlobvs .  This parasite is noi active when the tem- 
ure is much be lo\^- 56" F., and for this reason is not present in  
,erg as carlv in the spring as the lice are, which are active at  a 

~peratule of 50" F. 
rhe parasites were not ob2erred dnrinq the spring of 1915 in the 
dens around Ccllere. On Jnne 1, 1915, in a field of spring rape, 
-5 was heavilv infested with lice. the parasites were found to be very 

dant. T'he work of the parasite here was certainly reducing the 
)er of lice. 

Of 
consi 
A,,.,: 

the na+. 
dernble i 
, Innnn l 

Ira1 factors of control the predaceous enemies are of very 
mportance. For the past tn.0 wars during which the 

a.U1 ill ivUFc ~ l a s  been obscrved these factors have exerted much influ- 
ence in keeping the pest in  check. The past pear (September, 1914. 
to September, 1915) the parasites were present only in the late spring, 
and the natnral check of the lice was due entirelo to the presence of 



Plate 111-Above, empty skins of parasitized lice on cabbage from which the parasites 
have emerged. (After Herrick Cornell Bull. 300.) Below larva and adult of Chrysopa or 
Lacewing fly, a predaceous enemy of the turnip louse. (dfter Hunter. Univ. Kans. Bull. 
IX.2.)  



the predaceous enemies. The same condition existed this year in  many 
sections of +he Stste where lhe lurnip louse is a serious pest. The 
presence of the predacsuus enemies does 11ot depend to such an extent 
upon climatic conclitions as does that  of the parasites. 

La&/ Beetles. 

Of the predaceous enemies, the most important are the ladybird 
beetles or coccinelids. 'rhesc insects Eeed upon plant lice in both the 
larval and adult stagep. Observations and reports indicate that  the 
beetles are usually present in  those parts of the State where the lice 
are a pest, but while present they seldom become abundant enough a t  
the right time to eradicate the lice. A t  Beaumont the  beetles appar- 
ently hold the lice in  check and a t  Brownsville the latter are seldom 
a pest. probably due to  the presence of the beetles in  great numbers. 
At Henrietta, during the  fall of 1914, the beetles were the only factor 
of natural control present and the louse infestation was not serious. 
The  beetles 3re present in  other sectionc. of the State but never check 
the pest to such an extent. 

I t  is hard to fnllv appreciate what a factor of natural control the 
ladybird beetles are until a study is made of their ability to destroy 
lice. The eggs arc always laid close to the lice so the  larvae of the 
beetles will have an abundance of food near at  hand when they hatch. 
When full-gro~v1.n these larvae attach themselves to a leaf on which are 
plenty of lice in order that  the adult when i t  emerges will not have to 
seek long for food. 

'Phere are three species of ladybird beetles present i n  the gardens a t  
College Station. They are FIippodamia convergens Gner.; illegilla ma- 
cz~lata DeG., and Cocrinella munda Say. The first two named species 
are about equally ablinrlant and the last is present only in  limited 
numbers. 

Sanbo~an* found in  1906 a t  College Station that  H. convergens adults 
collected in  April depoqitecl 556 egqs over a period of 34 days, a daily 
average of 16 egg.;. T h e ~ e  eqgs hatched in 2 days, t he  larval period 
was 11 days, the pupil period ~vas  4 days, making a total of 17  days 
from the deposition of the egg to the emergence of the adult. H e  
fonnd that a sinylr lilrva may eat 396 lice during its life of 11 days, 
an  average of 36 lice per dav. 

Webster (1.c.) records caqes of the adult of H. convergens eating 30 
lice per clay. Hunter! states that  I.)r artual count these insects will 
devour froin 30 to 100 lice in  a dav. Miss Palmert  states that  the 
adults of thiq ~pecies ate daily from 36 to 180 lire. 

I n  the motsk mi++ JT. mnrt,ln!n, Ssnllorn foilnd that  during August 
one ndult deposited 219 eggs o-ver a period of 24 days, an  average of 9 
eggs per dav. Dnrinq Septernher and October, only 157 eggs were de- 
po~i ted  in 47 days, an average of onlv 3 eggs per dav. During Angust 
the egg stape was 2 day<, the larrnl period mas 9 days and the pupal 

*Bulletin No. 9s. Oklahoma Experiment Station. 
$Bulletin, Univ. Ka.n., Vcl. IX, No. 2. 
?Ann. Ento. Soc. Am., V I I .  3, p. 215. 



period 5 days, making a .  total of 16 days from the deposition of the 
egg to the emergence of the adult. He found that a single larva ate 
an average of 32 lice per day. The consumption of food by the adult 
depends much upon the season. I n  August thc average number of lice 
eaten daily was 63, in September 46, in October 33 and in November 15. 

The experiments conducted by Sanborn with C!. mundn were'made in 
June and Jnljr. He  found that a female may lay 448 eggs over a 
period of 36 days, an average of 12  eggs per day. The egg stage of 
this species was 2 days, the larval stage 9 days and the pupal stage 2 
days. a total of 13 days from the deposition of the egg to the emergence 
of the adult. 7'he larva of this species ate 553 lice in  a period of 9 
clays, an average of 61 lice per day. The aclults ate 706 lice during 
their life. 

Fig. 8-The convergent lady-beetle (Hippodamia convergens), an 
enemy of the turnip louse. a, adult; b,  pupa; c, larva. Enlarged. 
(After Chittenden from Bureau of Ento. Bull. No. 100.) 

Under ordinary conditions the beetles will not travel far from their 
plnce of emergence, bat if food hecomee scarce they may fly some dis- 
tanre in  search of better feeding. On November 4, 1913, most of the 
beetles were feeding upon lice on radishes which were heavily infested. 
These plants had not been sprayed or fumiqated, and it was evident 
that all of the beetles in the garden had gathered on them where there 
was an abundance of lice. This condition was again evident on No- 
vember 10. 

'Fhe acinlt beetles are not injured with the sprays which have been 
used in  the eprayinq experiments against the lice. After the applica- 
tion of each material an examination was made and no dead beetles 
could be found. Many larvae were observed unharmed after the ap- 
plications of the s o ~ p  solutions. On September 8, 1914, one larva was 
found dead where Rlack I ~ a f - 4 0  had been used. While fumigating on 
November 12, 1913, manv beetles were present upon the plants. After 
the fumigation was completed these beetles ran about in a very excited 
manner, but did not seem to be injured in any way. 

The very hard rains which occurred during the latter part of No- 
vembe~ and the early part of December, 1913, apparently killed most of 
the beetles which were then present in the fields. It was not until 
January 7. 1314, that a single specimen of H. convergens was observed. 
During January. February and March of 1914 the beetles were present 



in limited numbers but were a source of much trouble, as they worked 
upon the outdoor host plants and nearly cut off the supply of lice. The 
beetles mould probably have eradicated the lice if measures had not been 
taken to prevent it. On March 10, 1914, $1. convergens was the only 
species present, but by March 31, W. mncz~lata was present in limited 
numbers. On A ~ r i l  4 quite a fen. larvae were observed working on 
the lice upon the turnips; these larvae were one-third to two-thirds 
grown. The firat pupa wa.: taken on April 10, 1914, and many larvae 
were observed on the same day that were almost full grown. From 
April 24 to ?8 d l .  mnczclntin was the most common species present 
in the fields, hut two clays later 11. convergens was again most common. 
Pairs of :M. rnun~zi[ata were observed in coitu on April 25 and of H. 

Fig. 9-The spotted lady-beetle (Megilla maculata) an enemy of 
the turnip louse. a, larva; b, empty pupa skin; e,  adht .  5nlarged. 
(After Ch~ttenden from Bureau Ento. Bull. No. 110.) 

convergens on April 29. Through the month of May, TI. convergens 
mas the most abundant species on the turnips. There were only a few 
41. macrrlatn present dnring this time. and not a single C. nzunda was 
observed. 

By September 18, 1914, the Iadphird beetles were present in  num- 
bers upon the turnips which were infested with lice about September 
5. The beetles were ver? abundant bv September 29: mostly H. 
convergens. One pair of this species wad observed in  coitu on septem- 
her 26 and another pair on the 29. By October 12, M. maculata 
was quite abundant and H. concergens was present onlv in  limited 
numbers. On October ?9, larvae, pupae and adults of H. convergens 
were observed on turnips. On Xorember 3, 1014, the adults of this 
species were found in nnmbers at Amarillo, Texas. On the following 
day at  Wichita Falls the adults of this species were observed in  num- 
bers on turnips which had just rrcel~tly become infested with the lice. 
On Yovelnber 6, a t  Henrietta, this ~pecies mas quite common in  the 
gardens which were lonse-infested. At the latter place, N. convergens 
was the only species which had been present during the entire season. 
At Rrownsville in  January. 1915, the beetles were present in the fields 
'n large numbers. Here H. conver,qens mas the most common species 



a t  that time, but during some other periods 21. m m l a t a  is the most 
abundant. 

I n  the College garden some adult 31. macl~lata were observed on 
radishes on February 3. Coccinelids were not observed again until 
M u c h  12. At that time most of those in the garden were H. con- 
vergens. A few larvae were also observed on this date. One pair of 
this species were observed in coifu on this clate. During the last half 
of March the coccinelicls increased rapidly in the gardens. H. con- 
vergens was always most numerous, though the proportion of M. 
mlaculata increased. During this time copulation among the beetles 
was frequently observed, but no eggs were found until the middle of 
April. During the early part of April (7. rnuizda was found in limited 
numbers. On A ~ r i l  15 -$;I. rraocululntn was the most abundant s~eciea 
in the gardens. Eggs, of all species were observed in  numbers on April 
20. 'I'lle beetles increased until the middle of Mav. when the lice 

u ,  

were gradually disappearing from the fields. 

S!yrphid Flies. 

J n  many places where the turnip lice are present, and especially 
where they are abundant, the sprphjd flies are to be found. These in- 
sects are beautiful two-winged flies with prominent gold bands across 

Fig. 10-Syrphus americanus, the larva feeds upon turnip lice. a, female fly; b, second 
abdominal segment of male. Enlarged. (From Webster.) 

the abdomen. They ha1.e the peculiarity of poising in the air over the 
plclnts which are infested with lice. This has caused them to be called 
''hover flies". The svrphid flies resemble the honey bee  ome em hat but 
are readily distinguished from them by their peculiarity of remaining 
still in  the air. The eggs of this insect are usually placed singly on 
the under sides of the leaves near the lice. The larvae are always 



fo~lnd where the food is most abundant. These larvae are slug-like 
and dirty gray in color. This is the only stage of the insect which 
preys upon the plant lice. The few observaticns which have been made 
upon this insect indicate that it has a wonderful appetite for lice. 

During the season of 1913, the first syrphid fly was observed on No- 
vember 21. This proved to be Syrf l~ts  nmericanus, Wied. It is quite 
probable that they had been present some time previous but had not 
been detected. Syrphid lanae mere obsel-vec? on December 19, 1913, 
upon turnips in  cages, which were being used for host plants. No 
stage of the insect was observed again during the winter, and it  is not 
known how that season of the pear is passed. Larvae were again ob- 
served on March 31, 1914, at which time the ljce were not very abund- 
ant on turnips. The flies were first observed in  the fall of 1914 on 
September 25. A few clays later when some spraying experiments 
were being concli~ctecl some larvae mere seen. The adults were quite 
numerous until October 10, when the food supply was cut off by a 
'more thorough application of sprav materials. 

On April 6. 1915, material was received from Brownsville which con- 
tained all stages of the obliqne syrphid, i l l lograpla obliqlla. Say. A 
larva of this species x7as obser~ed at College on April 15. The 

lults of both species of syrphicls mere unusually abundant during the 
tter half of April. 

Lace-Tying F7ies. 

The lace-wing fly, or Chrysopa, is often present in  localities where 
P tur11ip louse is abunclant. Their presence is indicated by small 
llite eggs on fine sjlk-like stalks on the under sides of the leaves. The 
111lts or flies are light green in  color, the wings are very large and 

have m a q  lines running across them. The flight of the insects seems 
to be ve1.y difficult, as though they could only flutter along. The young 
larvae run about -freely on tlie leaves of the plants in search of food. 
The plant lice are talcen up by the larvae in their strong jaws and the 
juices silckecl out. 'Webster (1.c;) states that one species which is very 
common in the Sovthv~cst hil>c.rn~tes over vinte~t in the adult stage 8ncl 
brgins depositing eggs when the first warm spells occur in the spring. 

Eggs of C!!lrysopa were first ohser~erl -in the spring of 1915 on April 
6. During ihe first half of this month the eggs were observed fre- 
quently. The aclnlts were often observed but never were abundant. 

FUNGUS DISEASE. 

This factor in the natural control of Aphis peudobrcrssicae is very 
interesting F~cause of its sudden apl)enrance and its effectiveness in  
ersldicating the pest. The fungus which was so prevalent in our work 
w;ls undoubtccllv E'mgusa spp. The growth and reproduction of Em- 
pusn as give11 by Thaster* are briefly giren here. 

The infection is started with a conidial spore caming in contact with 
the skip of the louse. The entr8ncc is made by means of hyphae of 

"Mem. Bos. Soc. Nat. Hist., IV, 6, p. 139. 



lrmination at some point where the skin is tencle n inside the 
tdy these hyphae develop verr rapirlly, at  the espense ot the soft body 

tissues. The gronrth of these hyphae may be by the formation of hyphaI 
bodies rhich are reproduced 1)p hndclii~g. Sonletimes the hyphae branch 
in  all directions forming myrelium within the hod? of the host. Then 
the fungus has about co~npleted its porn-th, at vhich time the louse is 
ahout to die, hpphal bodies are formed. . At this time, if climatic con- 
ditions are favorable, tlic f ~ ~ n p s  \rill complete its development, but, if 
conditions are not favorable, a Cccl~lamyt30spore" is formed,. which en- 
closes the coiltents of the hyphal hoclies with a thick wall. The fungus 
m:!y remain dormant in this stage for several \veel<s, if necessary, until 
proper conditions for growth. present themsel\*cs. If the fungus has 
completed its growth and is ready for reproduction the hyphal bodies or 
the chlamydo~pores germinate rapidly. The 11yphae from these grow 
very rapidly; one or more may come from a single hvphal body. These 
hypliae map grow clirectly to the outside or they mav branch and each 
branch grow outward to become a "conicliophore." I n  flmpusa aphi- 
diu,c, the h-yphal bodies branch in all clirectioi~s ancl in great numbers, 
to such an extent that t !~e Soilp of the  louse is very much clistenclerl. 

The germination of these hyphal bodies may result in the formation 
of sexual or asexual (resting) spores? OT "conidi~c~~ores." When the 
latter is the result, the lippllae grow outnrarcl rapidly, break through 
the skin of the louse and Form a spongr mass on the outsicle. When 
outside, these hyphae branch and the ends of each ,grow t o  the same 
height. The termjnal r o r t i ~ n  c ~ f  the conidiophore is usually swollen 
somewhat and is called the "basidium." -4t the tip of the basidiun 
a bud which FI*OIVS from the r e ~ t  ancl becomes the "conidium" after 
separating wall has grown betveen. The coniclium thus formed wit 
the apex of the basidium absorbs water, es~8ncls and breaks through LL,b 

~vnll surr~unding it. As a result of this the spore is thrown out, some- 
times for a considerable distnnce. 

If these conidia, when liberated, come in contact with proper en- 
vironment t h q  send out hppllae of germination, which enter the b ' 
of the host as was first described. Such germination usually takes p 
soon after the conidia are discharged. If the conidia do not fall 
suitable surroundings, they mill form a secondary conidia after 
same fashion. This serves as a means of further spreacl when the p~ 
mary spore has, not fallen ~ ~ 1 1 .  The primary spore produces a hypl 
which grows upwa~d, becomes strollen at  the tip into the basidium 
which clevelops a conirljum similar to its origin and is discharged 
the usual manner. This process ma:v be repeatecl until the substanc 
eshaustcd, if the spore d o ~ s  not  fin(l cilitnl~le environment for growtl 
. I f  the germination of the hyphal bodies does not result in  the for 
tion of the conidia as just describecl, resting spores will be  for^,,. 
This resting condition map bc accomplished by a non-sexual process re- 
sulting in "azygospores" or hp a ~exual, process resulting in "zygo- 
spores." The azygospores may be formed in several ways, by the con- 
tents of the hpphal body hcing  con^-ertecl directly into the spores, or '"- 
germination Ilyphae ending in  the spore. When zygospores are f o r ~  
the process map vary considerablv. The simplest method is for 
germinating hyphae to sencl out lateral shoot., m-l-~ich meet midway 
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the cont 
---  --I - -. tween tlie hyphae. A bud then grows rapidly, absorbing 

- f  the ronjugating cells. Sometimes this conji~gation talies place ull 
ie outside of the host. The causes of the formation of the resting 
]ores cannot be salisfactorilj- explained. 
The fungous diseace was first observed during the fall of 1913, on 

rovemlser 12. .It this time some radish leaves were collected for 
 ami in at ion as to the condition of the lice upon them. The lice nTere 
~ u n d  dead; some were clry and bronze-colored, nlhile others were punkp 
nd orange-colo~ecl. These dead lice mere mostly pupae, some imma- 
zre apterous forms and a few wingecl lice. Just a meek later the dis- 
lse was found up03 lice on rnustari! n.!:cie f~i l lv  30 per cent. of those 
ce had recently died. Most of the dead lice mere immature apterous 
wme, though there vcre many pupae and some winged lice. The 
ingus was also found on the lice feeding upon turnips, and it soon 
]rent1 to all the gardens i n  the vicinity. The spread of the fungus 
~reatened to exterminate the lice on some of the host plants, such as 
.ans, lettuce and mustard. In  two weeks from the time the fungus 
i2s first obserred the lice were zlmoet entirely destroyed. 
On November 26 a very hard rain occurred, and this apparently 

ieclrcld the growth and spread of the fungus to such an extent that 
ead lice were seldom sekn on the plants. The rains which occu 

- 

1 the following two meeke killed nearly every louse on the plants, 
ie di~ease climppcared. 
The fungus was next taken on lice in the fields on December 

I n  some outdoor observation cages the lice vere found to be dying 
rapidly from the disease on Januarv 7, 1914. Two weeks before this 
it wns cold but apparently not cold enough to prevent the fungus from 
developing. The rleacl Iice fo~inci at this time were mostly apterous and 
o n b  a few winged forms. VTithin the next meek the lice were almost 
entirely Icilled in these cages. As they were wanted for experimental 
work, an effort vas made to stamp out the disease. All of tl~ose leaves 
which had dead lice upon them were cut from the plants and cle- 
stroyed. Afier repeating this operatjon se\-er.21 times the disease was 
apparently checlcerl, and then all of the Iiealthy lice were transferred 
to new plants in new cages. Alnout a month later the disease nras 
" ~ u n d  again in the outdoor cages. This was shortly after the low tem- 
erature of 17" F., and a week during which low temperatures pre- 
ailed. During the Inst half of Februarv i t  was quite cold and tlze 
u n q s  clicl not spread rapidly. It was not pntil March 10 that the 
isease was found to be spresding, but within two we~lcs most of the 
ce in the cages had died from it. 
On >larch 24 material was collected to start some experiments in 

 raying louse-infested plants to cli~seminate the disease. Lice which 
ad died from the disea~e mere scraped from the leaves .taken from 
adlv infested plants. These mere put into rain water and thoroughly 
iaken to break up the masses of funqus. The application of this mix- 

,Jre was made with a, De Vilbiss aiornizer. The plants were well cov- 
ered with the spray. which was so applied that i t  would settle onto the 
plante as a mid  and not as a driring spray, which mould knock the 
lice off the Ieares. I t  is not powihle to sap just hoTi. successful these 
- uperimcnts mTcre, as it was not poesihle to properly isolate the checli: 



plants fro111 natural infection. During the time that these experiments 
wel:e made the disease mraq very premlent in the fields adjoining. Many 
lice died on all the sprayed plants, but not enough to say that the 
measures would be practical for the control of the pest. A very large 
per cent. of the lice vhich died were pupae. Most of the dead apterous 
lice were imm~~tnre  forms. Those lice which had contracted the dis- 
ease could he distinguished b:v the straw color of the body, which became 
swollen just before death. When the lice die their bodies are much dis- 
tended, ;range in  color and velvety in  appearance. 

The dise~se was found to be widespread in the fields on March 30, 
1914. At this time but few lice could be founcl which did not show 
signs of having the disease. Most of the pupae present upon the plants 
were dead and thc ayterous lice of all ages were dying rapidly. In 
many gardens the clisease had killed the lice out entirely. At that time 
of the year there mas considerable dew upon the plants each morning, 
which was doubtless favorable to the reproduction of the fungus. Very 
often the dead bodies of the lice mould he founcl in a small bead of dew. 
Under such conditions the spores of the fungus should develop rapidly. 

The disease was prevalent in the fields throughout the month of 
April. By the first of Map fully 25 per cent. of the lice on the tur- 
nips were dead from the fungus. By the end of another week 40 per 
cent. of the lice were dead, ancl in  two weeks more at least.75 per cent. 
wpre dead. From that time on the lice graclnally disappeared. 

It is r q  evidezlt that the fungus is a destructive enemy of the tur- 
nip louse, and that if i t  could be controlled i t  would be a big factor 
in eradicating the pest. The disease was very persistent throughout , 

the fall of 1913 and the c p r i ~ ~ q  of 1914. During the fall of 1914 not 
a single louse waq ohser~ed at College Station which had died from the 
disease. This is probably because the climatic conditions of the two 
seasons mere SO different. It does not seem possible to propagate the 
di~ease when the conditions are unfavorable. 

In  January, 1915, when at Rro~nsv i l l e~  the trriter was told that the 
lice were b e i q  hcli! in chcck h>- lady beetles. Examination of the lice 
on the plants in the infested fields revealed the fact that the fungous 
disease was present and was ~vorlting effectiveljr. On the plants lice 
could be found which were about to succumb, as veil as others that had 
Flxt recently died. Tlle punk?-lmdies of the lice which had been dead 
for some time vere abi~ndant. The disease was spreading rapidly among 
tht. lice on the turnips. As the infestation of lice was light, most of 
those present were ~ ~ ~ c I ' o ~ I F .  The lice which were dying were almost 
mature. 

ARTIFICIAL CONTROL. 

SEASON 1913. 

As the sttidy of the turnip louse mas started ra-ther late in the seaso 
the experiments with control measures were not conrlucted under tl 
best conditions. this w ~ r l i  was of R preliminary nature, b- 
i t  was expected that some results might be obtained which would ser. 
as a basis for future work along this line. When the work was starte 
all of thc turnips were heavily infested vitl.1 lice and had been fc 
some time. 
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SPRAYING. 

Spraying was first investigated as a means of control for this pest. 
This work was started on a small scale, as the efforts were not :well 
enough organized to undertake extensive experiments. The results of 
the work were not all that wgs expected of it. The difficulty was not . 
in getting material to kill the lice but in getting the material onto the 
lice. B!ack Leaf-40, kerosene emulsion and whale-oil soap were selectecl 
for the trial work. The results of these experiments are briefly given 
here. 

Turnips. 

(Black Leaf-40.) 

A small area of broadcasted turnips were sprayed on October 25th 
with a solution of this material. The spray was made according to 
the directions on the package, five ounces of the black leaf-40 and one 
pound of whale-oil soap to thirty gallons of water. The application 
mas made with a buclret spray pump, equipped with a long hose, an 
estensioa rod, a 45" elhow and an agle tvpe nozzle. The material 
was applied early in the morning while the dew was still on the leaves. 
Care was taken to cover all of the leaves so as to hit all of the lice. 
r!le plants were only four inches high, but the ground was covered by 
he foliage. 

Immediately after the application was completed an examin a t '  ion was 
made, and no living lice could be found. There was a slight odor of 

, tobacco present on the leaves. Two days later another examination was 
made, and no living lice were found upon the sprayed plants, but on 
the check plants the infestation was increasing rapidlv. The tobacco 
odor had entirely left the leaves. 

(Kerosene Emulsion.) 

A patch of turnips, similar to the abcve, was sprayed with kerosene 
emulsion on October 30. A proprietary stock solution was diluted ac- 
cording to directions on the container. to make a 5 per cent. solution 
of oil. This stock solution was well made, as no free oil had separated 
out. The day was cool and the application was made late in the after- 
noon. The outfit was the same as was used for applying the black 
leaf-40. While the application was being made there was a decided 
o6or of kerosene, but none of the leaves showed s i p s  of burning. Im- 
mediately after the application no living lice could be found on the 
plants. Two days later an examination showed that no lice were on 
these turnips. The odor of kerosene was gone and there were no burned 
lezves. 

Another test of kerosene emulsion on turnips was made where the 
pla~its were in rows; tl2e infestation on these plants was heavy. For 
this application homemade stock solution was used. It was made by 
the common formula of one-half pound of soap, one gallon of water and 
two gallons of kerosene. The usual care was taken in making the stock 
solution, but free oil separated out after i t  stood awhile. The applica- 
tion was made with a knapsack sprayer, which was placed on the ground 
so that'the nozzle could be directed toward the under sides of the leaves. 



The application was tedious and i~nsatisfsctory, as many of. the leayes 
were not touched with any of the material. As soon as the material 
dried, many Ica~res showed evidence of burning and before the spraying 
was finished the patch looked as thong11 a fire had gone over it. TTO 
daps later all of the turnips were dead from the se-cere biirning of this 
material. 

The result of this spraying is evidence that kerosene emulsion is not 
always properly made by ordinary help and that such help mill not take 
the Ixoper care to apply a contact inser:ticide. It is clear that these 
two factors play an impcrtant part in  the coiltrol of the lice. 

(No. 6 Soap.) 

On October 30 a, patch of turnips vhich were planted in rows mas 
sprayecl with a solution of Good's Caustic Potash Tobacco Fish Oil 

- Soap KO. 6. The solution was made as directed, one ounce of soap to 
one ga-llon of water. 'T'lie application W ~ S  made with the bucket pump, 
previously described. The leaves of the plants were large and the foliage 
was dense, which made i t  difficult to apply the material effectively; An 
examination made aftcr the spraying was completed showed that all of 
the lice had not been hit and the results could not be satisfactory. Two 
days later the lice were found well scattered over the plants. 

As this application mas not effective, another was made five daps 
later. The same material and outfit mere used again. More time and 
material mere used in an effort to make R careful application. The ex- 
amination made immediately after the spraying showed that some of 
the lice had not been hit this time. A week.later the turnips mere ex- 
amined. On ille check ran-s the infestation vas Jrery heavy; on those 
plants which were sprayecl only once the lice were quite abundant. 
There mere hut few lice on those plants which had been sprayed twice. 
The second application following closely after the first proved to be a 
decided check on the lice. 

Spraying will not entirely eradicate the lice when made under such 
conditions as these trials were conducted. The plants were too large 
and the infestation was too heavy when the spraying was started. All 
of the materials tried gave good results when properly applied. Tur- 
nips sown in Toms arc much easier to  Fpray than those sown broadcast. 

The cost of the concentrated solution of biack leaf-40 seems very 
high, but when properly diluted the spray is not expensive. The ma- 
terial is easy to apply, it ~ p r ~ a d s  1vcl1 on the leaves and does not in- 
jure them. However, this material is more expensive than the other 
two. Rcroserle emulsion is a good material tcr use, since the ingredients 
can be purchased any place and i t  can he made at  home. But if i t  is 
not properly made more harm than pood will be d o ~ e  by using it. The 
material spreads on the plants nicelv and the odor does not persist long. 
On account. of the danger of making a poor emulsion, this material is 
not to be recommended ahead of the other two materials. The No. 6 
soap ie a soft soap anrl dissolves readily in a small quantity of boiling 
water. This concentrate can easilv he talien from place to place and 
the dilution made then as needed. The spray spreads easily on the 
leaves ancl dries off quickly. The odor of fiqh does not persist long. 
The cost is low if the soap is purchased in quantitp. 



Plate IV-A bucket spray pump properly equipped for spraying against the turnip 
louse. (Original). 



The lice did not infest the cabbage this season until November 12th. 
The spraying was not started until fire days later, when the infestation 
was well scat: cred over t.he patch. One-half acre of cabbage was used for 
these experiments. The outfit used was a hand-pwer pump equipped 
with two leads of those, each having a four-foot extension rod, a 4-5" 
elbow and an angle type spray nozzle. On the day the application was 
made there was cocsiderable wind, which interfered with the work. 

(Black Leaf-40.) 

This'solution was mticle of S ounces of the black leaf-40 and 2 pounds 
]!arc1 n-hale-oil soap to 50 gallons of water. To this was added 3 

nnunds of rosin sticker soap, so that the material would spread evenly 
er the cabbage leaves. As the day was clouclp, the material did not 
aporate quickly; hut no ill eflects from this were apparent. The ample 
rce scpplied by the pump was a decided advantage, as i t  was possible 

LU drive the Ppray into the uiifolc1ing l~aves where the lice were ordi- 
narily p~otected. The examination made immediately after the appli- 
cation uras completecl showed that all of the lice had been killed. Dnr- 
ing the follo~vjng week examinations did not reveal any lice upon the 
plcnts. 

(No. 6 Soap.) 

-An adjoining patch of cabbage mas sprayed with this material on 
the same day as the abore. ?'he solution was made of 1 ounce of 
soall to 1 gallon of water: and the rosin sticker soap was acTdedi at  
the rate of 3 pounds to 50 gallons of water. This material spread nicely 
on the leaves and liilled every louse present. The addition of the 
sticker soap t~ these solntions made the cost high, but i t  is likely that 
further investigation will show that the sticker soap will partly replace 
the whale-oil soap in the formulae. 

PUJf IGATION EXPERIMENTS. 

The spra~ing  expeiiments during the early part of the season did 
not give entirely salisfaciorp ~esiilts. ITt did not seem possible to applv 
the material so that i t  wonld be efficient and a t  the same tirpe keep 
down the cost of materials. and application. Fumigation was next con- 
sidered in hopes of fincling a cl~enper and more efficient means of con- 
trol of the lonse. It mas evident that i t  would not be practical to 
fumigate turnips which had lown hroi~rlcastet!. 'J'he best means of fumi- 
gating turnips appare~~tlp was to build a small portable fumigator, sim- 
ple in construction and low in cost. The following fumigator seemed 
to meet the requirements: ?'he frame was made of 1 x 2 and 10 feet 
long, with a brace of 1 x r? put in the middle; the ends were 14 x 18 
inc*hes, made solid with ship lap J this frame was covered with muslin 
of the hwviest grade that could he purchased. This cloth was 36 inches 
wide and was put on the frame beginning at one edge of the top, going 
across i t  and clown the side. This allowed a four-inch flap, on which 
dirt could be placed. The other side was covered with a half strip, 



which also allowed for a flap. The cloth was oiled to make it gas-proof. 
The cost of the: material for this fumigator was 28 cents. 

Laboratory experiments mere conducted to determine the materials 
which were best suited for use in the fumigator, and the time required 
for each to  I~ecome exhausted. Uneatisfactoq results were obtained 
from the use of tobz~cco papers, they seemed to smother out in the 
small confined spare. Tobacco dust would not burn in  the small space, 
even when ignited with kerosene. Tobacco stems gave satisfactory re- 
sults when properly used. Tied in compact bunches, they burned nicely 
after being lighted in the open. They could be easily lighted by pour- 
ing a teaspoonful of keroscnc on one end of the bundle. The bunches 
burned hest in thc fumigator when placed in an upright position mith 
the burning end up. 

Rndis72 es. 

The first fumigation experiments were made on November 10: 
The day war clear but cool. The radishes were large, the foliage 
was very d e n ~ e  and the infestation mas estremelv heavy. The charge of 
stems wns placed in the center of the fumigator. The first charge of 
stems of one ounce was confined for twenty minutes. The lice were 
not even stunner? hu this furnig2tion. '1'11e second charge of 2 ounces 
was burned for twenty minutes, and i t  was estimated that 25 per cent. 
of the lice mere killed. Two onuces of stems were used again, but 
burned for thirty minntes this time. As a result of this long exposure 
to the fumes 43f 60 per cent. or the lire were deod and upon the gro~lnd. 
The next charge was 3 ounces of stems, and they were burned for thirty 
minutes. Pullv 95 per cent. of the lice were on the ground under the 
plants; about 8 per cent. of these were not killed but only partly oyer- 
come by the fumes. 

On November 12 the fumigation experiments with radishes were 
continued. The day was cool sncl cloudy with a strong wind blowing. 
At times this wind was too hard for satisfactory results. The stems 
were plsced in one end of the fumigator, as the wind seemecl to push 
the smoke to the opposite end. 

The plante were small and scattered on the ground; the infestation 
was heavy. The first charge was 3 ounces of stems, and these were 
burned for thirty minutes. The result of this was that 80 per cent. 
of the lice were f ~ u n d  dead upon the pound. About 5 per cent. more 
were crawling about on the grounrl hut did  'not seem to be injured bv 
the treatment. The second charge was 3 ounces of stems burned for 
twenty-five minutes. Fullv 90 per cent. of the lice were found upon 
the ground after this fumigation. Of these, 5 per cent. were not en- 
tirely overcome and would survive. The next charge was 3 ounces of 
stems, which were burned for thirty-five minutes. This killed 95 per 
cent of the lice and more were on the pound but were not entirelv 
orercome by the fumes. The next test was nnder the same conditions, 
but 98 per cent. of the lice were fofind upon the ground. 

Soon after the f-umications the foliage showed severe burning; some 
of the plants mere entirelv killed. This burning was more severe on 
the old leaves near the top of the fumigator. T t  was more severe and 
showed up quicker when the fumigation was ~rolonged. Those plants 



where the sharge nras small and the exposure short did not show burn- 
ing until the following day. The burniilg seemed to be more severe on 
those plants which had dew upon them when fumigated. 

These plants were not as heavily infested as the radishes, but the 
foliage was much denser. The first charge of stems was 2 ounces and 
the-y were burned for thirtv minutes. This fumigation killed '70 per 
cent. of the lice. The second charge was 2 ounces of stems, but these 
mere burned for thirt?--fi.\re minutes. Only 70 per cent. of the lice were 
killed this time. ?.'he additional time of confining the gas did not im- 
prove tlie results. Another charge of 2$ oul~ces of stems was burned 
for thirty-five minutes. This killed 90 per cent. of the lice, but the 
burning of the foliage was more decided. The turnips did not seem 
to he as susceptible to burning as the radishes. Those leaves which 
touched the fumigator at any place seemed to be m ~ s t  severely injured. 

BlvsZrr rd. 

Not many trials were made wit11 fumigating this plant, as the leaves 
builned so badly. With the minimuin charge and exposure most of the 
leaves were seared, and the plants soon died. 

The result of the fnmigation experiments were not all that had been 
espeeted. The bu~n ing  of the leaves mas such that it would not be 
coqsidered pr~ctical. The cost of the materials was about the same as 
for spraying. The cost of application was the same for both, but the 
co.-;t of equipment was less for fumigation. 

This pear i t  was possible to ascertain the heginning of the infesta- 
tion of the lice in the garden. The spraying experiments were planned 
to dar t  before the plants were large and the infestation was heavy. It 
was evident from the work: of the previous year that spraying would 
llardly eradici3te the lice after they were well established on large plants. 
Spraying as a control measure was undertaken again this year because 
the fumigatjcn experiments of the previous year gave unsatisfactory 
reeults. The spraying of last Tear was too expensive to be practical on 
a large scale, so the aim in the ~~-orl; this year was to develop a cheap 
and efficient spray. >Tore materials were tested and the work was con- 
ducted on a much more extensive scale. 

SPRAYING. 

The experiments were made i n  the vegetable garden of the Horticul- 
tural Department of the College. There were two plats, one consisting 
of 2 rows of radishes, 2 rows of mustard and 2 rows of turnips; the 
other of 5 rows of turnips. The rows were 400 yards long. 



Radishes. 

(Black Leaf-40.) 
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lis solution mas made of 12 ounces of the concentrate and 4 pounds 
iale-oil soap to 100 galloris of water. The outfit was a barrel pump 
lied with two leads of hoer, each with a four-foot extension rod, a 

%.I elbow. and an angle type nozzle. The material spread on the leave- 
nicely and was effective in so far as the application was perfect. A1 
odor of tobwco could be detected for a few hours after the materiz! 
was applied. The leaves dried quiclilly after the application. With thi 
outfit the application was very slow and unsatisfactory. The pump was 
not in good condition and would not properly supply the two leads of 
hose. It required a crew of 3 mcn two hours to apply the material i o  
1'300 feet of plztnts. It is tt great saving in  time to use a good pump 
and much easier to make an effective application. With considerable 
force the leaves of the piallts are raised and the spray can be put onto 
the lice with little effort. 

Three days after this application an examination was macle, and many 
lice mere found on these plants. 

,A sec0~7(?, tlpplication rnm made just a week after the first. This 
time the outfit was a hand-power pump equipped with two leads of hose, 
-nrL having a four-foot extension rod, a 45" angle Y and two angle type 

es. The pseswre was maintained at 75  pounds. The immediate 
ts of the application were satiefactorv, as urparently all of the lice 
been killed. -4 barrel of the spray material cost 67 cents. Five 

nnnared* and'eixty-four feet of plants were covered in  twenty minutes 
by the crew of 3 men. - 

(Sulfur. j 

This meter~ial has been used some as a contnct insecticide, both as a 
liquid and a dry spray. Rassell (Jr .  Fcnn. Ent., I, 6, p. 378) used it  
with much success against the red spider on beans. The sulfur mas 
used at  the rate of 1 ounce to 1 gallon of water. The sulfur was 
mixed with a srrlall quantity of hot water, which was kept almost boil 
ing for fifteen minutes. In  this way it was hoped to more completel; 
separat? the particles cf sulfur. The ~pplication was made on the samc 
clay as the ahove, under the same conditions and with the same outfit. 
Much difficulty was experienced in the application of this material, as 
the emall particles of sulfur would clog the intake pipe of the pump and 
the nozzles were constantty stopped with sulfur. Later in the day it 
was necessary to take the pump apart, and particles of sulfur were 
found around all ~-:ilue spate and +,he ylunger. The pump did not work 
well until carefully cleaned. 

The immediate rc~nl t s  of this naterial were far from satisfactory, 
though the sulfur was ~rell  spread over the leaves. Since sulfur can 
only kill when i t  comes in contact but few lice were killed, as only few 
particles of sulfur actnallv hit them. Even those lice which were hit 
with the sulfur did not apparently suffer any. Soon after the applica- 
tion the film of water on the leares collected in small globules, and the 
particles of sulfur were drawn on the surface of these drops of water. 
Many lice mr'l~ich had sulfur on them were ahle to crawl about, as soon 



Plate V-Above, a barrel spray pump, with cart, showin0 one lead of hose and attacb- 
rnenls for spraying against the turnip louse; helow a hand;ower pump, with barrelsupply 
tank, showing attachments for spraying against the turnip louse. (Original.) 



as ?hey could get from under the water. Not a louse mas killed by the 
appplication of this material. A barrel of the spray cost 35 cents. 
This amount covered 576 feet of plants ancl the time of application 
m-as thirty-five minutes. 

(Lime Sulfur Solution.) 

A commercial brand of lime sulfur testing 32" Baume wa.s diluted 
1 to 50 parts of water. The application mas made with the hand-power 
pump described above. When first applied the material was spread 
evenly over the leaves, which gave the foliage a yellowish appearance. 
This thin film of liquid seemed to irritate the lice, and no doubt would 
have killecl then1 if the lice cmc7d have been confined in  it. However, 
in a short time this film contracted into small globules over the leaves 
ancl the insects crawled off unharmed. The leaves did not dry quickly 
and there was consiclerablle residue left upon them. This residue did 
not seem to affect the plants any; it merely left them unsightly for a 
time. 

(Soluble Sulfur Compound .) 

This material is recommended for use in the same manner as the 
commercial lime sulfur solution. J t  is a powder which is dissolved in 
cold water at the rate of I+ pounds to 50 gallons of water (for plant 
lice). The resulting liquid is yellowish in color, like the weak solu- 
tiou of commercial lime sulfur. ' The applicatinn of the spray was made 
with the same hand-pofler pump. The action of the soluble lime sulfur 
upon the leaves and on the lice was the same as the commercial lime 
sulfur. Three days after the lime sulfur spravs were applied an exam- 
ination was made. The lice were fou'nd to be as abundant upon the 
sprayed plants as upon the check plants. 

(T,aundry Soap.) 

For this purpose the "Clairette" brand of soap was used at the rate 
of 1 pound of soap to 5 gallons of water. The soap was shaved into 
a amall quantitv of boiling water and after dissolved diluted to the re- 
quired amount. The soap doe3 not 6issolve readily, even in boiling water, 
and the results are not satisfactory if too small a quantity of water is 
used. The hand-power pump above described was used to make the 
application of this material. It spread onto the leaves nicely and dried 
off quickly, leaving no odor. I t  is verv effective against the lice. This 
forrriula makes the solution too soapy, and it, was diluted for further 
worlr. For this work the barrel of material required 10 pounds or 20 
bars of soap, which cost 70 cents. The barrel of liquid was sprayed out 
in twenty minutes, and covered 700 feet of plants. . 

Two weeks later. another test was made with this material, using 1 
pouncl of soap to 7 gallons of water. The soap was dissolved in  a 
larger quantity of water, and much better results were obtained. A t  - the strength ~ ~ s e d  the material was very effective against the lice. The 
cost of a barrel of t h i ~  eolntion was now as lorn. as any material which 
had been used. 



(Fish Oil Emulsion.) 

This inater i~l  mas made by di~solving 1 pound of soap in 1 gallon 
of water, then adding 2  gallon^ of fish oil. This mas then agitated vio- 
lently to make a perfect emulsion. The stock solution mas diluted to 
co2tain 5 per cent. of oil. Upon standing some time there mas a tend- 
ency for some of the oil to come to the surface, which indicated that 
the emulsion was not properly made. The annlication was made with 
the hand-power pump described above. Th i s  material spread on the 
leaves nicely and soon dried. A t  first there mas a clecicled fish odor. 
but this clid not persist long. The material was effective against the 
lice. The immediate results were satisfactory, but in three hours after 
the application the plants showed severe burning of the foliage. Most 
every plant mas dead by the end of a week after the application Was 
made. The cost of this material is too high to be practical; one bar- 
rel cost $1.25. 

(No. 3 Soap.) 

Good's Caustic Potash Fish Oil Soap No. 3 is a soft whale-oil soap. 
This makes a satisfactory material to use, as it dissolves readily in a 
small quantitv of mater. From that standpoint, it is superior to the 
hard whale-oil. soaps. The forinula used was 1 ounce of soap to 1 gal- 
lon of water. The hund-power pump was used in making this appli- 
cation. The material goes onto the leaves nicely and is very effective 
against the lice. The cost of a barrel of this material is 25 cents. A 
second trial was made with this material, and. the results were again 
very satisfactory. 

(TVl~ale-Oil Soap.) 

This was the hard sqap, ~vhich is the form usually on the market. It 
was used at +he rate of 1 ponnd to 7 g~llone of water. The soap was 
shaved into boiling mater, but i t  clid not dissolve readily. I n  this re- 
spect, it is not as easy to use'as the No. 3 soap. The spray goes onto 
the leaves well and is very effective against the lice. The leaves dry 
quickly and the odor of fish does not persist long. The cost of a barrel 
of this material was 50 cents. 

The materials which have been discussed above were used on mustard 
plants, which were adjoining the radishes. Jn  general, they were not 
as cffectire i ~ ~ a i n s t  the lice upon this plant L?S they were upon the 
radishes. The leaves of the mustard are so curly that it is difficult to 
force the spray into the small folds where the lice are usually found. 
The sulf~ir solution seemed to' collect on the leaves of mustard more 
readily than .on radishes. The lice were hardly inconvenienced by the 
a,pplication ~f thees materials. The musta>rd suffered much more. from 
the application of the fish oil; not a single p1a.nt lived in the area 
sprayecl by this material. 

Tqirnips. 

These same materials were tested on the turnips, which were also 
beside the raclisliee. The results of these trials mere in every way the 



same as those on railishes. The condition of t h e ~ e  plants was such that 
more effective spraying could be done than on the radishes. The de- 
posit of ihe sulfur mcterials was not so pronounced on the turnip leaves 
as on the raclish leaves. When the turnips dried they loolied as though 
they haci been covered with lime. 

In addition to the ahore tests, plat No. 2 of turnips was sprayed 
throughout the season with No. 6 soap o n l ~ ~ .  This material had given 
satisfactory results in previous trials, so it mas our aim to try i t  under 
ac-tnal control conditicjns. The first application mas made on Septem- 
ber 15 when the plants were six to eight inches high. At  this time the 
infestation was not heavy, though the lice were well scattered over the 
patch. The asual-formlula of 1 ounce of soap to 1 gallon of water was 
usecl. The hand-power outfit previously described was used to make 
this application. I t  was estimated that 95 per cent. of the lice were 
killecl with this spray. 

On September 22 a second application was made on the turnips. 
This time the plants were 1 2  to 14 inches high, and almost covered the 
ground. The same formula for the spray and the same outfit were 
usecl. The first application was so effectire and this one followed so 
clcselr that there were not many lice present, and these mere well scat- 
tered orer the p ~ t ~ i l .  A barrel of spray co~erecl 7'57' feet of plants and 
was applied in twenty minutes. This application killed 95 per cent. of 
the lice. 

,4 third applic~tion of this material mas made two weeks later. The 
same formula ancl the Fame spray outfit were used this time. The plants 
then entirely covered the ground, which made i t  difficult to apply the 
material vithout extreme care. The infestation mas light and well scat- 
tered over the patch. Examinations made on several days following 
#did not show a single living louse. This No. 6 soap certainly proved 
very effective against the lice, and the proper times for the application 
were indicated by these trials. 

At -the tinie the first spra,jfing was done on September 15 the 
radishes were 6 to S inches high and heavily infested with lice. The 
mustarc1 was 4. to 6 'inches hirh and only lightly infested. The turnips 
a-ere 6 to 8 inches high and the infestation was light. The applica- 
tion mas not effective, clue partlv to  the improper application of the 
material and partly to the poor results of the materials used. The lice 
were just 2s abundant; in a few days after the application was made as 
they had been before. 

TThen the secoricl application was made on September 22 many of 
the radishes mere dead from the serere infestation. The lice mere 
abnnc1an.t: on all the plants. The radishes and mustard did not grow 
much between the applications, but the turnipq were quite large. Pow- 
*clerecl arsenate of lead vas added to all the material this time at the 
rate of 2+ pounds to 50 gallons of water. Thjs was necessary, as the 
griiwhoppers TITcre hecoming Yerv destr~zctive in  the garden. 

The third application mas not made until October 6, two weeks 
after t h ~  s~cond one. 'It mas considered best to wait this long, as the 
.second application had been quite effective ancl it vas cool during this 



period, so that the reproduction mas low. When the application was 
made, i t  was evident that a mistake had been made in waiting so long. 
The lice had increased materially and the plants had suffered from it. 
The plants were very large, so that i t  was cliEcult to make an effective 
application. 

Under these conditions, i t  was considered advisable to cut the large 
leaves from the turnips and destroy them. I n  this map many of the 
lice were carried away from the plants and destroved, and i t  was a sim- 
ple matter t o  spray effectivelv the fern small leaves which remained- 
The infestation mas quite serere on all the plants. 

n the-control of the turnip louse, as in the control of most every 
insect pest, preventive measures are to b-e employed whenever possible. 
With the turnip louse these ineasures do not assure as much relief as 
is often the case in combating insect pests. But i t  is true here also 
that the actual control of the pest is made much easier when the pre- 
ventive measures are employed. When the turnip louse becomes me11 
established in turnips and radishes, the complete eradication is very dif-. 
ficult and unsatisfactorv. While the natural factors may check the pest 
in time, such relief nsnally comes too late to be of real service. Com- 
plcte control of the turnip louse can only be expected when all of the. 
preventive measures have been used and judicious spraying has been 
ernplo~ed. 

ROTATION. 

This yery important factor of insect control is not as effective with. 
the turnips louse as with many insect pests. It is, however, of sufficient 
importance to be practiced as much as possjhle. It does seem that in- 
jury by the turnip 1011se can be red~zced by planting the new crops of' 
the host plants as far as po'sible R.om where the old crops were grown. 
It is seldom feasible to abandon a garden site entirely, but the plant- 
i n g ~  of the host crops shonld be so planned that they will not come 
together at  t3e same time in adjoining plats. I n  some cases where a 
s~xccession of host plants (radishes and turnips) is employed, i t  would' 
be advisable to discontinue a planting or two of each. This -would 
make a break in the line of food and probably cause the lice to seek 
other gardens where such crops rno~ld be growing at  that time. When- 
ever i t  is possikle to arrange the rotation, radish should not precede 
the fall crop of turnips, and at best such a planting of radishes should' 
not be next to the fall turnips. Where an early fall crop of mustard 
is growc, one should leave as much time as possible between the end 
of that crop and the fall turnip crop. 

PLANTING. 

T t  is the general opinion of gardeners that the early fall crop of 
turnips suffer mo3t from the attacks of the louse. I n  the same wav 
the early varieties of h ~ m i p s  seem to suffer more than the late var 
ties. It is true that in some sections there is not much chance for 



choice in the time of planting fall turnips, but wherever possible the 
planting of the main crop of fall turnips should be delayed for a time. 

TRAP CROPS 
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h crops are those planted on a en 1 a time 
anract; ]nost of the insects to feed. These crops are aestroped as sucn 
a time as the insect infestation upon them is at  its height; not later 
than such a time as the main crop may prove attractive to the insects. 
I f  not destroyed early enough the trap crops will fall short of their 
duty, since they will serve as a breeding place for the insects until the 
main crops are ready. The trap crop, if properly employed, may be 
made to serve as a big factor in the control of the turnip louse; if not 
properly employed, i t  mill work against the possible reduction of loss 
by the lice. For the trap crop, turnips may be used by planting a, row 
very earlv along one side of the proposed turnip patch. If  such a plan 
is not adapted to the locality, radishes mav be used in the same way. 
I n  many localities,. mustard is the best trap crop to use, but the lice 
will riot remain long upon the mustard after the turnips are of much 
size. 

DESTRUCTION OF FIRST COLONIES. 

mhen the turnip louse is known to be a pest in a locality, it is ad- 
visable to inspect the fall crops from time to time to detect, if possible, 
the first colonies that start in the garden. Usually the lice will be- 
come established npon a few plants in a defined area; there may be 
two or three such areas. The destruction of these colonies at the start 
will do much to prevent fu~wther injury from the pest. It is necessary 
to repeat this process, for the lice mill continue to come into the field 
for a-considerable period of lime and establish the small colonies. If 
a careful inspection is maintained and all colonies destroved at the 
start, the injury to the geld as a whole will be small. It is so much 
easier to eradicate the louse in small areas than to wait and attempt to' 
spray the entire field. I n  one section of the State these small areas of 
infested plants are surrounded by a strip of crude oil, the plants cov- 
ered wit11 straw and burned. It is said that such treatment holds the 
pest in check. Any of the spraying suggestions given below may be 
used in the destiuction of the first colonies of lice. 

While we clo not know that any of the comnion weeds about the gar- 
den serve as food for the turnip louse, nevertheless, it is advisable a t  
all times to practice clean culture. It is not advisable to leave the 
remnants of the old crop in the ground when the new crop is coming 
on. Any of the fall crop of turnips and radishes should be pulled dur- 
ing the minter, OT' at least some time before the spring crops may be 
subject to attacks. It will not do to merely pull the crop and leave it 
on the grouncl, for most of the  plant^ will be able to root enough to  
stay in a growing condition and be food for the lice. 



SPRAYING. 

To employ 
possible 
will not 

the preventive measures here suggested will surely reduce 
injury by the turnip louse. However, it seems that the 
be entirely eradicated by those measures alone. After all 

ie above measures have been follo~ved, the fall crop of turnips may 
UULAI be infested with the licZ When the lice are present in the fields, 
spraying is the most satisfactory means of combating the pest. 

MATERIALS. 

The spraying experiments conducted show that the soaps are the most 
satisfactory materials to use. All of the whale-oil soaps were very effec- 
tive, but, as they are not always available over the State, the use of 
laundry soap is advised. For this purpose a good grade of laundry 
soap should be purchased. The "Clairette" brand was used in  the ex- 
periments. The formula given, 1 pound of soap to 7' gallons of water, 

* 

is considered the best. The soap should be shaved into boiling water, 
at the rate of about 1 pound of soap to 2 gallons of water. The soap 
does not dissolve readily in any less matel; and if the water is not boil- 
ing the soap will dissolve very slo~vly. It is necessary to frequently 
stir the shaved soap in the water to facilitate the dissolving. After the 
soap is dissolved, dilute to make the above formula. 

The materials used for the spraying against the turnip louse are 
called "Contact Insecticides." Such materials lrill only when they come 
in contact with or hit the insect. It can readilv be seen that extreme 
care must be used in  the application of sucl.1 materials in order that 
they may be effective. Anv louse which is not actudlv hit with some 
of the spray is not harmed in any way by the application. When the 
lice are known to he starting in  a garden, nreparations should be com- 
pleted at once for the spraying. Anp delay in this matter is serious, as 
the lice mill spread rapidly and the eradication is much more difficult. 

'Experience shows that it is almost impossible to hit and lrill all of the 
lice with onp application, especially &v those people who have not had 
much experience in such work. Even with extreme care in the appli- 
cation of the material. some of the lice mav remain upon the plants. 
Also, i n  the early part of the season, the first application of the ma- 

. terial may he giren before the migration of the lice has ceased. I n  this 
way a field which lias been freed of the lice may become reinfested and 
make it necessary to sprzr.v again. A third application is usually neces- 
sary to I~old the pest in check. These three applications should be given 
at  intervals of seven to ten days; in some cases, i t  may be advisable to 
wait longer betnreeu the ~econd and third application, but it is not best 
to wait too long. The spraying should be started early, while the 
plants are still small, for the smaller the leaves the easier i t  is to spray 
effectively. Tf the leaves of the plants are Trerv large, most covering 
the -ground, before the last application is made, it is advisable to pull 
most of the leaves, as for greene, and destroy them. I n  this way, many 
of the lice will he killed and the application can he ver.y effectively made 
to the remaining leaves. That will allow a great saving i n  the amount 
of spray material necessarv to cover the plants and in the time neces- 
sary to make the application. 



APPARATUS. 

For the application of any of the contact insecticides, i t  is necessary 
to have a good spray pump. When spraping to eradicate the turnip 
louse. i t  is necessary to have an extra good pump and outfit. As the 
lice feed almost entirely upon the under sides of the leaves, it is neces- 
sary to have some special accessories. With any pump, a fifteen-foot 
lead of hose is necessary for use against the turnip louse. The equip- 
ment for this purpose must include an extension rod; four feet length 
is the best length. To properly direct the material onto the under 
sides of the leaves, i t  is necessary to  use an "angle" type of spray noz- 
zle, which must be attached to, the extension rod by means of a 60" 
elbow. The secret of success in spraying against the turnip louse is 
thc use of the angle nozzle and the elbow. These accessories are neces- 
sary to any equipment for such spraying. There are three classes of - spray pumps which may be used in this work. The class of pump 
which it is necessary to buy depends upon the amount of work that has 
to be done. Onl~7 a good outfit of any class should be purchased. A 
gdocl spray pump will give good service, but a poor outfit mill never 
gire satisfaction. 

The bucket pump, shown in Plate 11, is an example of this class of 
pumps. The photograph shows the pump with the proper accessories 
for spraying against the turnip louse. Such a pump is quite limited 
in its range of usefulness. It is adapted only for use in the home 
garden, and. is not large enough for the truck grower. The applica- . 
tion of material with such an outfit is too slow and expensive for one 
who has much area to  spray. If one is growing only a few turnips in 
an infested district, i t  is necemarv to have some kind of a spray outfit, 
and a bucket pump mill serve this pul-pow. Specifications and esti- 
mated cost of such an outfit are here given: 

Brass spray pump, with I angle nozzle. . . . . . . . . . . . . . . . . . . . . . . .  $3.25 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Rubber hose, +-inch, 3-ply, 15 feet. 2.50 

^ne extension rod, 4 foot. .................................... .40 
ne brass 60 degree elbow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .25 

The barrel pump, shown in Ylate 111, above, is an example of this 
class of spray pumps. The photograph shows the accessories for spray- 
ing against the turnip louse. I n  this photograph the pump is fitted 
with only one lead of hose. Ho~ve-cer, a good pump of this class should 
supply ample pressure for two leads of hose. Unless i t  will do thls the 
outfit is not good enough to buy. It happens that a t  times the pump 
will not furnlsh good pressure to two leads of hose. Under such con- 
ditions, i t  is best to use only one lead with good pressure. Two leads 
of hose with poor pressure malces the application expensive and unsatis- 
factory. The experiments proved that i t  is best to use as high pres- 
sure as possible for  all spraying work. It is not necessary to have the 
cart shown in the photograph, as the pump can be hauled about the 
field in a small 11~agon. A good barrel spray pump has a wide range 
of usefulness. It is best adapted to the needs of the small truck gar- 



dener but may be used by the large growers. Very often i t  is advisal 
for two or more growers to purchase an outfit together. This will n 
terially rechxce the individual cost on the start. Specifications and ee 
mated cost of a barrel sprayer adapted for the work against 
louse itre hete given : 

e barrel pl~rnp, with brass cylinder, one brass cut-out, 
eads of hose, +-inch, &ply, 15 feet, two angle nozzles. ...... .$18.00 

............................... o brass 6r! depee elbom~. .50 
o extension rods. . I ............... : ..................... .80 

The hand-power pump, shown in Plate 111, below, is a specimen 
this class of fipray pumps. This pump will supply ample pressure : 
two leads of hose, each having two nozzles. With such an outfit 
here shown it is possible to spray turnips very effectively and econor 
tally. The cost of this outfit puts i t  beyond the reach of many tru 
powers, but if one has manv crops to spray i t  is the best outfit 
purchase. If two or more growers could go together for the purchas 
of this outfit the first cost would not be prohibitive. Specifications an( 
estimated cost of such an outfit are here given: 

One hand-pomer pump, 50-gallon barrel, mounted on sled, pres- 
sure gauge, two 15-foot leads of 7-ply hose, 3-inch, two exten- 

. . . .  sion rods feet, two brass, angle Y's, four angle nozzles. .$35.00 

T t  is possible to purchase a hancl-power pump and accessories withc 
ba~re l  and sled for $29.25. 

A new species of plant lou~e,  commonlv called the tnrnip louse, a 
not the cabbage louse, as was-formerly supposed, does the damage 
the fall turnips and winter truck. This damage is general over the ent 
State of Texas. Not only do the truck regions suffer, but every ho. 
garden is damaged by the tnrnip louse. 

The food plants of the turnip louse are turnips, cabbage, musta 
cauliflower, kale, rutabaga and rape. 

The normal form of reproduction of the turnip l o ~ ~ e e  in Texas 
asexual throughout the year. Observations have been made upon t' 
louse in  Texas from Broms~i l le ,  on the 26th parallel, to Wichita Fa 
on the 34th parallel. True hibernation does not take place in Texati, 
even a t  the nortliernmost point of occurrence the lice reproduce some 
during +he winter. The summer je the critical period in the life his- 
tory of the turnip louse, as it; is fcrced to sheltered locations and none 
of the cultivated host plants are grown at that time of the year. Th' 
ty-five generations of the lice were reared in pot cages in one year. 

Two other species of plant lice are often found closely associal 
with the turnip louse. These are the "garden aphis" and the cahbr 
louse. 

The natural factors of control of the turnip louse are widespread over 
the Stzte. Y'wo species of parasites, D i t z e ~ e t ? ~ e  rapae Curt., and Ly.si- 
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debus testtzceipes Cress., have been commonly found, the former a t  
3llege Station and the latter in other sections. Three species of lady 
betles hare been observed to feed freelv on the turnip louse. These 
e Hippodamia comergens Ouer., Slegilla rnaculata DeG.. and Cocci- 
?71u nzunda Say. Syrphid flies and lace-wing flies are usually found 

limited numbers where the turnip lice are abundant. A fungous 
sease was very destructive to  the turnip louse during the season of 
114 at College Station. 
For the artificial control of the turnip louse, spraying is the most 
tiefactory method. Of the materials which can be used for spray- 
g? laundry soap solution gives as satisfactory results as any and is 
silv obtainable. The secret of success in the control of the turnip 
use is the use of the 45" elbow and an "a4gle7' type spray nlozzle. 
y the use of these it is possible to direct the spray on the under sides 
the leaves, where the lice feed. 
The preventive measures against the turnip louse are rotation, proper 
ilnting time, trap crops, clean culture, and the destruction of the first 
Toni;.s. 
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