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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C,

FEEDING PUNCTURES OF MIRIDS AND
OTHER PLANT-SUCKING INSECTS AND
THEIR EFFECT ON COTTON
By W, V. IKaixa, Sewdor Batamotogist, Division of Deseels
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INTROGUCTION

Observations made i Texas in 210 after the discovery of an
mfestuiion of eolton with the eotton flea hopper {Psalles .suf(.ffu.s'
Reut.). avoused the suspicion that this insect was the earrier of a
digease prodicing u sertous disorder of the cotton plant® Tn severely
injured planis (ho very small squares may be almost completely
destroved, and marked ch anges in growth charaeteristios may occur.
The studies on which this bulletin is based were beenn al ‘Pallulah,
L., in 1927, for the purpose ol oblaining wore exaet information as
to the character of the dauage pm(huml by the votton flea hopper
and oiher plant-sucking insects.
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FBARLY OBSERVATIONS AND EXPERIMENTS

Previvas held and lnboratory work had shown that, m addition
§ to the more general syvimptoms of injury, smndl swellings were fre-
waquently produced on the stems and leat pelioles of the colton

plaats infested with Pasallus, These characteristie lestons offered a
<Lrowdy moans of wdentifving cotton lea liopper damage, and a series

st experimonts had beon mnde to determine whother similar lesions
could be cansed by avtificial noenlations with material from crushed
insects op m]uml plant fissies, I"nntm.‘ using fine needle points,
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reported suceesstul inoculations from crushed insects, but the writers’
experiments with similar methods were not conclusive, the punctures
with sterile needles often showing as much dumnge us those made
with the erushed insects. Iven needle points ground as finely as
possible are still very mmeh larger than the piercing parts of the
msect’s proboseis and almost always cause o reaction in the plant due
to the mechanieal injury. Pending the development of a more suit-
able inoculntion technic, feeding tests with live inseels were begun
in 1927, and the present bulletin is vestricted to the results obtained by
this method of experimentation.

LESIONS CAUSED BY THE FEEDING OF INDIVIDUAL INSECTS
IN TESTS

TE the lesions in the colton plant were due to a prithogenic vrgan-
wm transmitted by inseets, it was thought highly improbable that
all individuals of the species involved would prove to be infective.
The first of the present experiments were therefore desiirned to
determine what propoction of the flea hoppers might eanuse the swell-
ings. In the first tests each specimen was incaged in 2 small vial
attached to a cotton stem or lesf petiole and watehed until it hegan
and finished feeding, When dw proboseis was withdrawn the place
was marked and examined daily for development of a lesion, If
the same specimen could be induced to feed several times. each place
was tagged separvately. As this methad of handling and watching
the separate insects proved to he tedious and time-consummning, the
vials were later fastened to the plants by means of a narrow strip of
adhesive tape (PL 1, A} and left attached to one point for a mini-
mum pertod of about 24 honrs. Since in warm weather the mujority
of these inseets must feed one or more times in order to survive as
leng as 24 hours, this procedure was finaily adopted for most of the
routine work. Part of the experiments were carried out where gen-
eral insect infestation was lght on unproteeted cotton, hut; in order
to eliminate possible complications of the results feom feedings by
insects other than those in the tests, the major part of the work
during this and the following searons was done with protected plants
crown in farge screen cages,

In the first series of 24-hour fecdings, and also in those which
were watehed contimously, only a past of the feeding points showed
typieal swellings within two or three days while others remained
entively negative externally,  Thisevidence, therefore, tended to sup-
port the ddea of an infective ngent, Some of this plant material.
however, was prepaved for microtomic seetioning, and a careful study
ol the stained serial seetions at the end of the season showed that
nearty all the punetires which were negative externally had pro-
dueed a condition of the internal tissues ess extensive but otherwise
similar to that found in the definite swellings. In the discussion
ot the experiments those feeding points will he deseribed ng negative
where na injury, either external or internal, developed,

The results obtained may he indicated Dy the following vecords
selected from this series: One nymph applied to seven different
places on 2 cotlon plant for nbout 24 hours ench {developing fo an
adult in the meantine and dying at the last place) enniged no external
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swellings.  Six of these plaves, upon being sectioned, were found to
have internal lesions, and one was doubtful.  Another nymph applied
the saime number of times caused one doubtful injury and six external
swellings, all of which were positive upon being sectioned.  No ex-
ternal swellings were observed in the case of ane female which was
observed to feed at three dilferent pluces and which was afterwards
left in u vinl attached to the plang for 24 hours. Tpon sectioning,
internal lesions were found in the tissues in all three places where
the specimen had been observed to feed and a questionable lesion in
the place where it was confined for 2t hours. ‘This specimen was
left attached for a fifth feeding but died before the end of the 24-
hour perivd. A male with the sune Instory caused five external
swellings, having fed befure dying at the last place.  Trom the tests
in the series for 1927, which were uitimately checked wp by micro-
seopical examination of seetioned plant material, there wis only one
individual that produeed o identiliable veaction.  This ene (a
nymph) hael been observed to puncture the plant in three places.

METHODS EMPLOYED FOR IDENTIFICATION AND STUDY OF
LESIONS

The resulls ol thix sories showed, for one thing, that external
swellings could not be relied upon for identitying the damage. Dur-
mgr 1928 it was Tound alter s number of trials tha comparatively
thick frec.hand sections stained with safranin provided a rapid and
fairly satisfaetory method of determining the presence or absence of
internal Lesions. and this method was employed in muel of the routine
exuminalion therealter. When o move caveful study was desired,
the material was imbedded in paraffin by the usual eytological meth-
ods and seetioned with a rotary microtome,

Though various standard lalling and fixing reagents were tried.
formalin-acetic acid-nleohel was employed as the fixative for most
of the material, Fargely beeanse of its convenience, sinee it could be
nsed nx a preservative as well as a fixative.  IFree-hand sections from
100 to 200 microns in thitckness were ent with the aid of a hand micro-
tome. transferred to the formalin-acetie acid-aleolol fixative, and
stained insafraning Phe paraflin-imbedded muaterinl was cut 10 to 12
microns thick, the sections mounted serially. and though varions
stains were tested, the matecial was siained for the moest part with
Flemming's triple »lain, iron haenatoxylin, ov safranin and light
green.

SPECIES INCLUDEDR IN THE EXPERIMENTS OF 1928

Four nther species of Mividae in addition te Dsaffus seriafus wore
included for comparative observations in the experiments of 1628,
Two of these, Lygus pratensis (1) and (Ldel phoearis rapidus (Say),
have been defimtely connected with field Jdamage to cotton, wherens
the other two. L. apicaliz Fich. and Pocoilosoyius besalis Reat., are
very seldom found on this host plant.t Individuals of each of thegse
gpecies were tested on eotion stews and leaf petioles by the methods
previously deseribed and were Tound {o eanse lesions which were

Slwisn, K1Y FRPUETS ON CTHE COTTN PEANT OF PHE FERBET OF CREIPTAS ITEMIFTELS
oF PHE PAMILY stk Jdopre, Bean, Fat 2200 761 Tad, illos, 1020
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indistinguishable from those of Fslfus serfatus, although the aver-
age severity of the dwmage varied somewhat amony the different
species,

CHARACTER OF MIRID LESIONS

Small series of oxperiments in 1927, as woell as nany others
i 1928 and 1920, proved that individuals of the same SpPeCies vary
greatly as to the effect of their feeding punctures, though consecu-
tive feeding punctures of the same individual produced lesions of
fairly uniform size. Tn stained sections the typical mild lesion is
usually found to be confined to the cortex or to the 2ortex and eollen-
chymn {pl. 1, B), and the affected colls are cirenlarly arranged
about the center. The terms “lesion ™ and “hopper danage ” have
been applicd to all such affected arous although in the smaller forms
there nuy be no evidence of any destruction of tissue. The cells are
inereased. in number, often enlarged. and nsually stain more densely
than those in the normal surrounding tissue. The nuelet are lurge
and prominent, and the general appearance is one of coll activity
with mere or less distortion due to pressure.  From the smallest
leston, in which only a haif dozen or so cells are aflected, all stages
may be encountered up to the most severe forms in which . half or
more of the stem or petiole hag been affected and good part of the
tissue has hoen destroyed. (P12, A and B

As the area involved becomes larger, cotlenchyma and epidenmnis
are forced outward to form the swellings which appear externally.®
When the pressure becotnes too greas the swellings split open length-
wise of the stem (ph 2, B), and the exposed tissues on dying form
grayisit or brownish scars, When the punctiires are comparatively
deep, extending close to the vascular tissues or into the pith, the
swetlings way merely compress the tissues internaily, and fairly
farge areas have been noted which did not show at all externally.

In medium-sized lesions the pressure from the inereise and en-
largement of the cells causes much cell distortion, progressing to the
point where the central ones ave apparently raptured.  In larger
festons a1 considerable central area of broken-down cells muay be thus
involved.  {PL 2, ALY The remains of coll walls and contonts form
o conglomerate mass staining brown or red with the stains employed.

That cell multiplication occurs and is involved in the formation of
the swellings is shown by the finding of nuclei in various stages of
mitosis in the vounger lesions, The smaller lesions and those in
early stages of development are recognized in the stained sections
principally by the farge, prominent nuclei in a small group ot
cells. some of the cells themselves also being enlarged und irregular
inoutline. (PL2,B.) Iron haematoxylin stains are especially good
in bringing ont the nuclei.  The cell coutents ave not woll preserved
in free-hand sections and in these the identification of the smaller
lesions depends on the distortion of the colls and deeper staining of
the affected aren.

The external swellings usually appear on the second or third day,
occasionally on the fourth or fifth.  There is one record of o Lygus
pratensis eausing split lesions which appeared in two instances on

T the geeat majorkty of eases the swellings from single punctores nre 04 more {hag
2 or 4 mm. In cHameter,” An klea of (e usoael range lu size may be gnined from the two
geriions shown o Plates ¥, 8, gl 2 AL




Tech. Bul. 296, U. 5. Depi. of Agriculture PLATE 1

FEEDIMNG PUNCTURES OF INSECTS

A, Glss vl adinehed bo g editing braoel ona cotton gdoat. o eaeli vind an insoed
ws erafleved 5o 0 eandd feed npen sl pordion af Lhe siem. A& pivee af ealion
Link ot otrsorbent conor o enel gide where g eien does nol eoang inemdies with Hie
stotn preveated the esenpe of Uw fusect, B, 4 comnparatively mibkl iesion comfined
(o thio eortes sl collmehynw of o eotton sleat This was vaiged by o oiserved
feeniing of au aduit of Peadlvs serfufios and peodieed asiight swelling which wny visi-
Ble esbermpely, The apaterfs? was preserved for secbianing Gve duys efter The feed-
g Fleauinine's triple stain wos vsed, X 60,
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SERIOUS INJURIES CAUSED BY THE COTTON FLEA HOPPER

A, A sovere leslon extendivg frmin the enllenclivin ta the pith of a eolton stem with sote
of the vasenkr tissie niferied amd with nt areg of eompletels braken-town cells In the
}mh. Cauged b am el kept in the feoding vinl 23 hors. The malering was preserved
far seelinting =iy kays after the atisehment of the vinl,  Flemming's triple slain was
Weed, %1%, Twe Targe split lesions inoa deaf petinle with aver half of the peliole
damngel, Cawrsind by o male eondined o the phant far 24 tunres. Sufranin and light
prect siuin uspd, U8,
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A, 8 hesion In the corte s of - petiole shaw ing 1he enfnreed eglis sl noelsi,  With a
ldzher maenifieation e dividing nieleus was soen in s seetion, The lesion
wis eaused by wineldt Lygee upicatis comfined o U petinle for 28 honrs,  This
pralerial wos preseeverd bz Seetioning Bue dass afterwanpls, bt e NPPenEate s
e DL el af Ehe carlier stapes of developmett,  Stained with jenn eI Y-
fo. XW2 W, Eath el e feedite et e of s Stietace g foxding in g
Tend petiole. The “shwatd™ shows @ short brareh at e bip inen he pllaeo of a
vasru ke buanedie,  The insmet was ofisor vod to el Tor S0 anirebes, el e ginderial
s preser v foe sectoing six omes Ldor, NoeH rene o bl s yeLalevelaped
i e pieend Bisaare, Seained with Flernaitine's Priphe stnin, g u
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the day following the feeding, These were from watched feedings
on prolecled cotton. The swellings usually reach thenr maxmmum
size before the fifth Jday.

A sudy of the early development of the lesions has been made
From phint material killed aml fixed for imbedding at various inter-
vals Tollowing  observed  feedings,  Prepurations from  material,
nede wimediately atfter the prnctures were mmfheted and 6 and 12
honrs thereafter, have not shown definite indie: ations of coll reaclion.
Tu several specimens o fow enlarged noelei and in one specimien a
dividing nuelens wore noved 24 honrs after the punctures were made,
One preparation, made 24 hours after 2 puneture Trom Lyges apicalia,
showed n mm]).n‘lti\tlv well-developed wvea in the pith invelving
abont 30 cells {pl. 300 ). whereas nothing definite was Tound n rcer-
tuin Si-bour and even J8-hour specinrens, Phis sories was saldl
and it ix prodable that some of the latter wonld pot have developed
any positive damage.

The lesions may staet in almost any pael of the tissues.  As pre-
viowsly mentioned, the milder forms wsuatly ocenr in the cortex. but
the punetare may go entirely throngh the vaseular tissue and cen-
tratize in the pith or, in leaf petioles. in which there is not & complote
vasenlar exlinder. the center may be found between the vascular
bundies.  Other punetores seem to be very shallow, and the center of
the Tesion appears in the collenchyma with the affected cells spread-
ing ont Tanwise into the cortex. Ta larger swellings the vaseular
evlinder or a vazenlar bundie muy be invelved in the swelling with
a portion of it distorted or completely destroved. and a few instances
have beent nolted an which the conter of the Tesion =eemed to be in the
vasenlar tissue iself.

Tjiey from the prossuee of the rim of the vial has been observed
in same instances. This appenes as slight depressions or ag blistered
~pots hut on reetioning does not extend much below the epistermis,

SPECIES INCLUDED IN THE EXPERIMENTS OF 1929

Dvinge 1929 in an effort fo find a [ﬂ‘mt sieking species which
waild niot enuse such desions in cotton, two more species of He-
siptera and three species of Tlomoptera that are commonly collected
i sweeping- From weeds or votton were adeded to the i‘\|}l‘!l!ll"nf‘~
Oune of the live, o Ivgacid, Geoeoris punefipes (Sayv). is said to be
predacions on other 1nseets and nor m'tll\' not u plant feeder,  An-
other was Ngwinw californicne 814l a0 species of the same family.
Two of the speeies. Homalodisen f-*'.i.ymfr'rr (ab.y and fraphoce-
phede cepsita (Saxv). are cieadellids. and the fifth =peeies, Ntieta-

coplrala festive (Sav). iz o membracid,
EXPERIMMENTAL RESULTS WITH DIFFERENT SPPECIES

A swmniaey of the comparative resulis obtained with the 10
spectes is miven in Fable 1. The feedings were all wade i the s:une
way by attaching viels conlaning hmu'lu msects {o leadl petioles or
~toms (18 sually beanch stems) wear Ilw m;r of tmonature pl.mtq“

T xao apprent dilroges wiks Helasd tetween sbemgs s bead |avl|ii|l"~ t ez tads the -
awp pratliesi, A a0 rale, veun leal poetisles pln\'i:tot] petier malerial for seetioning since
they cogiiain bess waedy bi=ste than do Uie stemis, The places seleg L, whoether pelioles
ar Slems, were sally The yonnger parels of U plapl, ol D where aebive srowll tad
Bern cipletid or neRrely s,
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In a fow enses he vials were left attached Lor 48 hours or longer.
Otherwise, if the inseet was still aiive at the end of Y4 hours; it was
maved {o another point and attached as before. ‘The limits of the
area exposed to the insech were marked with Indiz ink, and cach
place was tageed and numbered. The {eeding plave was then ex-
amined daily until about the fifth day after attachment of the vial,
when the stem or leaf was cut ofl and taken to the laboratory. With
onty o few exeeptions, alf those which did not show external swellings
were seelioned and stained. and the seetions of the entire series from
the exposed avea were examined microscopieally.  Inseets that died
or eseaped before the end of 24 hours were omitfed from the com-
parative tabulations,

Paviyy 1. -Swarmary of the resufts b 120 of fwdicideat fecdings by plant-
siehing nseels on eollton stese aud petioles

[aehueies siwl nyntpis exposed iy inds e 24 hates o baeer]

[ Frosil ive
i et ions
B diviel- + 2-lengr e - : .
p Pasitive maeiions © wilh
« el il :
RIS i fewneline s evternad
\ | cswellings

splik

Pl T g ;
Fapily wned species [aygee lesians

Miritdae C Nutwther Nuwder Numher  Poreend : fereend Per ecnt
.\'illlll . Gl s Lo yi, L RAG v
Paailug seristng Nymph ‘t..h . 1 ‘."I 1%L 0 i.#..\.‘-l

Hath T 150 ] 94,4 40,7

Adult o 1ia 0% g

Loyits Praiensis, Nywgh, - N - i
Hath _

Asddult

Loagrnes apiendis Nami,
Parh L
Aoduli

. . Ny
Adelpimeords rapidus . Nympk.
If‘uih._ .

Poeciloses s bosabis, - Nddolg
Lyuashloe,
Gegearts pnellpes. . L. Loole L 1 [
N yvwivs ealiforpicus. ' Tt
Clemlellidae
iountodizen (chyierea N, X , s il N )]
Giraphinreiads versinh, Aejuli . ; 5 5 TRY) WLl
Maetabracidae . .
Stbetveeplada festivg . il L 1ML B Vot i 10.7

The column headed * Individnals ® shows the number of inscets
that completed af least one 24-hour exposure. The nomber of ex-
posires ranged from L to 8 and averaged abont 2 per insect’

The praportion of pesitive results among the species of Miridae
ix very high and shows only slight varations between adelis and
nvmphs of the sume speecies or bebween different species, exeept the
pereentagze for adults of Adelphocoris rapidus, which was somewhat
bhelow the average. Some of the lavgest splif lesions have been
eansed by this speeies: and as the adults are tirge and diflienit to

3l spnXintiae il of Peedines by sinele jnsects were obtainel o P25 when ok
adoll Lpges apieatiy wos Kept atwched e the plant ae dilfereni points for 10 days, and
ap imlivigun? of Lygus peadensic wos obsieved fo fewd 16 {imes in two days,
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handle in vials, it is suspected that most of the negative resuits were
due to the failure of the inseets to feed. This is borne out by the
fact that of 18 negative results with this species 8 were Trom insects
which gnve posilive reactions at other points,

The lowest proportions of positive veactions were obinined with
the two xpecies of Liygneidae.

The last two eolumns in Table 1 pive comparisuns of the relative
toxicity ol the different species. The percentages ave based upon
the numiber of feedings producing positive reactions, and it may be
notoid that Hoeeldoscytus basalis takes fivst place in the proportion
of external as well as split swelhings® prodived. When confined on
cotton plants in eages this species also catses the blasting of squares.
Fortunuiely # does not oceur commonly on feld eotton.

Lygus prafensis alse produces o high proportion of both external
and split swellings, but Psaflus serictus produoces relatively few split
swellings,  Among (he species of which o fair nnmber 0f nymphs
werp tosted, the adulis prodoce more damage as measived by split
lesions, althengh the nymphs inall cases prodoee n slightly higher
pereentiee of positive reactions. The proportion of external swell-
s iz vaekable, ot the nymphs of /%0 serwiafus produce a higher
pereentage than the adulls,

Among the Homoptera, Stictocephala festine produces o Tairly
Bigrh proportion of oh<ervable sl split swellings, whereas the figures
for Graphoeephola rersufe indieate milder effeets In four of the
five tosts with nymphz of Womalodisea triguetre Tesions were pro-
duced. two of which were visible externally. one being a =plit lesion.

PROPORTION OF INDIVIDUALS GIVING POSITIVE REACTIGNS

Thie proportion of individials giving at least one positive veaetion.
whitch 1= not shown in Table 1, 1= even more =iggnificant than the pee-
centage ol postiive reactious hased on separate leedings. A sununary
of this for the live species of Miridgo may be given as follows: OF 46
feedings in 1928 the results of which were negative or doubtful (in-
chuding both watehed feedings and 21-hour lit‘iflli“’\} A2 were Trom
25 individuals which gave positive vesnlts af o her punclures. 2 in-
dividhals fed only onee, and L gave negative vesiles in each of
two testss o 10920 of 14 feedings Goelnding 13 of Addelphocoris)
that were Tisted o= negalive or donbttal after exumination of the see-
tioped and stained plant nutertal, T4 were from inseets that cunsed
Tesions at other points, 3 of the individoals completed only one 24-
hour expostre, and only 1 eompleted two feedines, neither of which
was Jdelinitely positive In vesult,

The Targest nnther of neeative results in 1928 caine from a series
of watehed Feedings with Lygws peatensiz. which was vather snrpris-
g n view of other results wilh this method as well as with this
speeies, One ol these inseels gave negative vesitlts in 4 feedings and
positive resuits in 127 and another gnve negative resulis in 3 easoes,
questionable vesilts in 2. and a positive repction in 1. A possible ex-
planation of this may be fmlmH in the fact that in order te induce
them to Teed immediately, the inseels Tor these tests were starved lor

‘].\ deseeipting o0 Hhe splic swellinms ix givest omdor the hiesuding Ohacacler of Micid
Faslnns,
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longer or shorter periods before being placed on the plants, and some
of them probably became so wealk that they were unable to completo
the feeding in alt cases, even after tie proboscis was inserted.  Some-
tlhing stnntlar hag boen observed with weakened maosiuitoes,

The records ave furthor summirized in T nble 2.

Panbis 2, Nuwmewiary of aegative resulls oblained in 4828 and 12D from fecdings
I plat-neeling bugs i eation stems ond peiiodes

128 g Paial
i

\ wather, N m.‘)l‘r Ny
Feedines eoegrded gs uegative ae doulsting . . .. .o qi | 1", [[53

Ligedbvli sl insees invelverd, . . o 15 i
Tecdiviln insects which ctgsed |_m\,' fve reactiong ut vth{r l,mmh N | 1. iH
Foseels wiidein fmd oaiy aeee_ e _ . a- 4 kil
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Mong the sinall series of Psallus feoding in 1027, one nymply,
as mentioned previonsly {p. 3). pimlmmi ii{'l"(ii’i\(‘ restllts in two
cases and doubtEul results in one.  This makes a total of only three
midividnals onl of the entive number tested that produced more than
one negative and o positive veactions,  Five others were tested
only onee and possibly did not feed,  The general conclusion to be
drawn is that nearly all individuals of these species may be ox-
pecled fo eause g reaction in the plant similar to that which is
recognized ax hopper damnge. A very fow may be actually nontoxic.

Tn view of (hese results it was not altogether snrprising to find
that the homopterons species eansed similar losions and o high
percentage of positive reactions Lfrom leedings, T may be well,
however, o warn against the conclusion that all these species are
potentiad pests of colton. Several of them. altheugh tnken oceasion-
adly or freguently on collon, have not been connected in any way
with fickd damage. The two so-called <harpshooters, Homalodisca
{riguetra and Onevmcdopin wndaie (IFab) which are often abadant
on coftan, apparcntly confine fheir attention to the stems and asg
the lesions produced heee are u=nnlly wild, 1ittle or no measurable
damage seems Lo residt,

THE PATH OF THE FEEDING PUNCTURES

OF speciad interest in the case of the theee species of Tlomoptera
s (he Taet thet the fecding punetnres praduce o sharply defined
sheath which stains o bright ved with safranin. (P 3. B.)  This
nkes iU possible (¢ tollow the path of the proboseis through the
tissues and shows quite deluitely that these insects seavch ort the
vaseular lissies in which to feed TF the path does not go straight
toward the exDinder or a bundle 10 = wsunlly bhranehed toward the
Up. beenuse of the probing of the insect in diflerent diveetions, and
pre of Lhe hranches may be found (e end in the phlocm or neeasion-
ally the xvienn. Well-Torined sheaths have been Tound in tissies
killesd Tor rectioning tinmediately afler the puneture of Ntietoeephala
Joeslina,

o the eoase of the Miridae, nierinl preserved soon after puunctires
were observed <hows nothing to indieate the path taken by the
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proboseis and usually little or no evidenee of injury, At the most,
{wo or three collapsad vells that seemed to have beent punctured have
been found.  In older material preserved alter ihe lesions are well
developed, oveastonal specimens show an Irregnlore brownish streal,
which may have been the line of the original path. running for a
short distanee through the center of 1he lesion.  Deadened cell walls
tale w reddish or brownish stain and may also appear through the
lesion as a0 short streale. bub these are as apt to be at right angles
to 1he direction of the probosels ns otherwize and arve usnally vather
vasily distinguished from the broad sheath of material around the
path of the Tlomoplera puncture. Tt should be mentioned, however,
that in o Tew microlome-sectioned speciniens of Sday-old lesions
eaused by Stictocephala there ave certain indications that the sheath
mnterinl is gradually absorbed or diffused by the plant, as in these
weelions (he paths are broken and not well defined.

OF forether inferest 1 connection with these observations is the
fuet that the sheaths ave similar to, and perhaps identieal with,
fhose deseribed by TTersfadl® gnd others around the teeding pune-
tures ol several species of aphids in various plants. This writer
dhseusses the natare of the sheath matevial and is inelined to the epin-
fen that it is o seeretion of the eells as a reaction to the wound
glimuhes In view of the faet that well-defined sheaths have been
found immediately after the puancture, it scems tikely that the red
stadning substanee results fron the netion ol the saliva of these species
on the middle lnmella (the ntercellulae laver) which the poaths seem
mostly to Tollow.

Dicoaeldition (o the sheaths, cell muadtiplieation oceurs in the area

about the punctures made by the species of Tlomoptera, developing
to the pubnt ol fissue destraetion, and the effeet is quite sinilar in
general to that o mivid lestons,

BISCUSSION OF RESULTS

Front the experiments and o histological study of alfected plints
no indicalions have developed that a living virus is involved. The
inseels tosted have heen obtained frem various host plants, wid the
facl that practically wll Individusls of 10 species (zonme of them
widely separated systemmtically) produce a condition in cotton stems
and lTeal petioles similar to that recognized ns true hopper damage
almost certainly shows that it is normally nssocinted with the feeding
punctivres anel s probably die to the saliva injected. The toxicily
of dilferent individuals is decidedly variable, and this would geem to
he consistent with the idea of a chemical irvitant.

Another point is that the lesions ave quite definitely Hmited and
~how po tendeney to extend throughout the plant. Tt is possible
that o virus might enter the vascular system and be cavvied to other
parts,  In ne instances, however, cither in the present work or in
thut of Iainter, have young squares been eaused to drop by the
feeding of the insects on other parts of the plant. except within o
very short distanee of the squaves themselves. A vertain similarity
helween the initinl reaction of the plant cells to the feeding punctures

SHORSEALL, M, lo TR EFFECTS OF PREBSG PUSCCUGREIS 0F APEIDS oN CEITSMN PLAKT
TIRNERS, enn, Agr, [Kxpt, Bto. Bul, 183, 22 p, Hluy, 19248,
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atdd to wound stimuli (as represented by ncedle punctures) is also
mdaeative of the local character of the lesions.

In conneetion with the subject of infection, reterence should be
made to a peeuitar, deeply stuining, granular material which some-
thnes veeurs in the cells of the plant. This was noted by Painter
as resembling the shime mold found in clubroot of cabbage and was
suspected by him of being rveluted to cotton flea hopper damage.
Cells packed with this substance may be found scattered through
the pith, cortex, and other tissies, aud at times they ave extremely
nunerons.  In some of the preparations more ov less of an accumu-
ation of the muterinl occurs in the lesions, but with these exceptions
it has been found as abundantly in appuarently normal, protected
plants as in those on which insects have fed. It is nob regularly or
usundly associated with lesions in carly stages of development, and
an wccumulation comparable to that m the older lesions has been
observed in tissues reacting to sterile needle punctures. While the
nature ov origin of the substance is not known, its connection, if
any, with the disorder must be purely secondary or accidental.

SUMMARY

Iixperiments were begun in 1927 and carried through three years,
ab Tallulub, La., for the purpose of studying the lesions produced in
stems and petioles by the cotton flen hopper and other plant-sucking
insects. "The object was to delermine, if possible, whether the injury
to eotton following the feeding of these inseets was the result of a
transmissible viras or due to mechanical or chemicul injury.

External indications of injury seemed to prove that only a part of
the many inseets tested had affected the plants in the way considered
characteristic of hopper injury, but later examination by microtome
sections through the feeding points showed that practically ali pune-
iures resulted in the same type of internal injury. The swelling and
breaking open of the lesions in some cases secemed to be the result of
more extensive injury rather than injury of another kind.

The size ol the lesions produced by one individual in consecutive
fecdings was often fairly uniform, but the toxieity of different indi-
viduals was dectdedly varinble,

The early veaction of the internal tissues of the plant is recopniz-
able as un enlurgement of nuclei and cells abt some point along the
feeding puncture.  This has been observed in material preserved for
sectioning 24 hours after the feeding. Dividing nuclei occasionally
fonnd in the preparations shew that cell division is stimulated, and
in this respect the lesions ave comparable to the reaction of the plant
to wound stinnili. The milder lesions may show only evidence of ceil
activity and more or less cell distortion, whereas in more severe
forms areas of broken-down tissue develop. The full development
of the lesion is rapid; and the external swellings, when produced at
all, are vsually visible by the second or third day.

Individuals of 10 species (7 Hemiptera and 3 Fomoptera) were
inclided in the tests,  The average severity ol the damage by differ-
ent species was variable,  Of the fwe more important field pests. the
percentage of spht lestons was 32.6 for Zygus pratensis and 9.5 for
Psallus seriatus.  About T per cont of the lesions caused by P. seri-
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atus and 10 per cent of those caused by L. pratensis did not show
externally.  Poeciloscytus basalis, a species which is seldom faken
on cotion, caused external swellings ab every feeding point and pro-
dueed the highest percentage of s,pht, lesions (38. )) of any of the
species tested.  OF all the individuals that fed morc than once only
two failed to produce the injury at some feeding point.,

The feeding punctures of the three species of omoptera used in
the tests can be traced throush the tissues by a well-defined “ sheath ”
which staing a bright red with safranin. This may be found in sec-
tions made imumediately after the feeding of the inseets and is simi-
Iar jn appearance to the sheaths which have been described in aphid
punctures. As in the case of the aphids, the paths usually end in
the vaseular Ussne.

No sheath material was found aboub the punctures made by mirids,
and the path tuken by the proboscis of the species on which observa-
tions were made could not be definitely traced. At the most, in
plant material preserved for sectioning soon after the feedings, a few
ruptured cells have been found.

T'he experiments with the 10 species of plant-sucking insects, some
of which do not feed naturally on cotton, hove shown that nearly all
individuals cause a reaction in the tissues of cotton stems and leaf
petioles similar {o that produced by the cotton flea hopper, Psallus
seriafus, This is taken to indicate that hopper damage is due to
fnjected substances normaily present in the insects and toxic to the
plant, rather than fo a transmissible disease,
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