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INTnODlfcTION 

Ob:-;{'I"':diolls IIlalit' .ill Tl'xas ill ln~·I. after thl' dis('o\"{'I'\' of an 
inf('statioll of l'OitOIl with thl' cottOIl fka hoppel' (I'S{(!l1l8 '8('/'iatIl8 

neu!:.), arolls{'ll till' sllspicion tbat this insect was the {'aITi(~l' of a 
diseas(' produl'illg" a Sl'l'ious disonll'l' of the to(:t:on plallt." III severely 
'injlll'l'd plants thl' ,'('ry slIlall. squat'l's lila}, be' a III lOst l'OI11pll'tl'i}' 
(icstl'o,\"pd, alHllllarln·li dlangl'S ill g"l'owth e1taraeil'l'isii('s lIlay O(,ClIr, 

The' :-;tudi!'s on whie1t tbis bulldin is basl'(i "'pre bpg"lIn al, TalLlllah, 
La.. , in l!)~i~ fot' tlte plll'pOS(, of obtaillillg" IlIOrl' ('x:t('t: illfOl'lllatioll as 
1-0 t IH' cit :tral'iI'I' of the da Illag"e prod u('('d by tlw {'ottOIl (lea bopper 
and oilH'l" I'lant·:.all'killg" illSP('(S. 

~ EARLY OBSEI~VNI'IONS AND EXPEIUl\IENTS 

- PI'('\"iolis fipld alld lahoratory wOI'k had shown that-. in addition 
I to th!' mOJ"(' g"{'Ill'l':tl :-;,nllpiol1ls' of in.iur'y~ slllall Rw\'llillg"s w('re frc
~qIlPlltl.Y jll'Odll('<,d OIl tlIP Stl'IIIS and Ipaf p<'tiol<,s of tIll' ('otton 
>:plmtisillf(lsh'd, \~'ith !),s:~lhIR. '1'II('s(>. chal'a('il'l'isti{'. l<'sinns otl't'I'C(~ a 
C::Cl'l'ady IllpallS of: IdplltIl-YIIlg" cotto II fIl'a hOPIW1' dalllag"<', alllL a SC1'lCS 
::I;:rt: (,XPl'l'iIlH'llts !tad hl'(ln mu(h' to lldpl'lllilH' whd!tcl' similar ksions 

could 1)(' (':111::('<1 bv artifi(,ial ino(,1Ilatiolls with lllai(,I'ial from crllshcd 
in::(ll'is ()J' injlll"('.j plant ti"sIIPS. l'ailltl'I',:1 1I:-;illg' filll' 11('('([1(' p(lints, 

I 'Phe authors l\ro indchtllli 10 It. L. :\ft.'( Inrr and E. H. TinkhaTll for lI!'si~tn1H't' ill the field work 
dlJriTl~ W:!S tUtti 1t1:.!U. 

, fll'NTlm, W. P. '1'111': Rn ,',\I,I,m' ('0'1"1'<>:< FI,I';,', .r"llr, 1>:"011, E,,!. I,: no-I. Ifl~·1. 
- -. '1'11fo~ ('11"""U;o.: )lOI.'I'En Ult !iO \"\I.J.I~II •• ('o'!'TnX 1"I,gA." TT. ~.rh\llt. .A~r. ('ire. :un.,

Ul p., 11111;;. 1!1:!(i. 
3 II'\t~'I'I~It~ H. Ir•.\ S'ITIi\' clio' '1'111" CO'I"I'n~ I;'T.1':.\ lIf1PI'IW, I'SAl.r.us XI;;ItI;\,!'I'S Hl;;U"'.. wl'rn 

I,.};]'I·:C'!.\I, IIJo;PIWI·;\'('I,: 'I'd I'I'~ 1,:)o'I·'),:C''I" 0:-.' eD'!'"TO=, I'I ..A~'P 't'IXX1'NH. .Ioul'. ,,\gT. Ht\S4.'UI'{'h 
40:4~:i,:il(i. illu:-:. 10:;0. 
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reported succl'ssful inoculations from crushed insects, but the writers' 

experiment::; with similar methods WHe not conclusiYe, the punctu),es 

with sterile needle::; often ::;howing as much dalllage as those made 

with the (,l"Ushed insects. En'n needle points ground as finely as 

possible are still ,"('r), milch larger than the piercing parts of the 

insect's proboscis and almost always cause a rpaction in the plant due 

to the mechanical injury. Pending the development of a lllOrc suit 

able inoculation technic. feeding tests with 1i\'e insects wpre begun 

in It)27, and the p)'esent bull(,tin is resb'ictcd to the result::; obtained by 

this method of experimcntation. 


LES£ONS CAUSED BY THE PEEDING OF INDIVIDUAL INSECfS 

IN TESTS 


It the )psion!-l in th(' ('OltOIl plant W('I'e due to a pathogcnic organ
ism tTulUnnittcd. by insccts, it, was thought highly impl'Obable that 
all inclid~luals of till' sppcies inml\'(\d would pron:! to be infcctivp, 
The fil'st of the )lI'P!'l'lIt expl'rilllents 'wcre tllC'rdore dpsigned to 
detp),llIine what proportion (.1' the (ll'1L hoppel's might ('ause the swell
ings, In the first (('sb, ('a('h spt'cinll'll \\'as ineagr·cl .in a small vial 
attached to a ('otton "tem Ol' k::f petiole :wd wat('h('d untH it hegan 
and iinished. f('('(ling. ,,'"IIPIl Llt;.! probo:-'('is was withdrawll the place 
was marked and l'xallli 1Il'l 1 da i Iy 1'01' dC\'l'lopmellt of a lesion. If 
the same spc('illlt'n t'ould 1)(' illd tiCI'll to fel'd seVP),H I ti Illes~ each place 
was taggl'd separatL'1y, As this llll'tI;·,(J of handling and 'watehing 
the separate insl'cts proved to he t('<Iious and time-conslIming, the 
vials w('re late)' fa::;tened to the plants by means of a narrow strip of 
ad!Jpsi\'e, tape (PI. 1, A) and I(·ft attached to one point for a mini
mum period of about :.!.:!: hOll),s. Sinee in warm weather the majority 
of thes(' inseets I!lust f('('d (1I1P 01' more timcs in order to sUlTive as 
long as :H hOlll'S, this IH'ol'pdul'c was finally adopted fo), most vf the 
routinc 'work. Part of the ('XPf'l'iIlH'nts \\'('re carried out where gcn
eral inscct infe:-,tatioll was light Oil 1I1lllL'otected I'otton, hut, in order 
to ('lillJinate ]los!-libh' ('ompli('ations of tIl(' )'esults frolll :i'eC'(\ings h.\' 
insC'ds otlH'r than those in tlte tests) the major part of the work 
during this lITHI tIlt' followillg H'aHlns wa!' dOIl(' witlt Pl'OtC'(,t('d plants 
grown in large sen'en ('age's. 

In the fir::t sl'rif's of :U-hOlll' fl'C(]ings, and abo in tho:sc which 
wen' watched l'ontinlJ()w,,;)y, only a part of the fl'cdin!! points showed 
typical swellings "'itllilJ two 01' three clays while others remained 
enti rely negati \'e extl'J'lJully, I'll is e\'iclence, therefore, tended to sup
pOl't t lip idr'(t of an infectin~ agent. Some of this plant material. 
hoWl'\·pl'. was jH'('pan'd 1'0), microtoll1 ie se('tioning~ and a tarei'ul study 
oJ tlle stained serial sections at the cnd of the scason showed that 
l1l'arly all the punetlll'es whieh \\'('1'(\ negatiyc extl'L'I1nlly had pro
d1l('pd a condition of the internal tissues less extensh-e but otherwise 
silllilal' to that fOllJl(l in the definite swellings. In the discussion 
of the eXlH'rinH'nt:-: those {peding points will he described as negnti\-c 
where no inj1lry. eithel' external OJ.' intel'Jlal. clc\'Cloped. 

The results obtained lIlay he indicated by the follow.ing r('cords 
seJectf'tl from this :-,erif'S: One nymph applied to se\'en different 
placc:-:, on a cotton, plant for ,abo1lt: 2J. hours eacll (de,-cloping to an 
adult 111 thf' mpantlllll' an(1 (l,nng at the last pInef') callsed no extl'I'nal 
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swellings. Six of these places. upon ueing sectioned, were found to 
have internal lesions, and OIle ,\:as doubtful. Another nymph applied 
the same number of tillles caused one dOllbtful injury and six external 
swellings, all of whieh were positive upon being sectioned. No ex
ternal swellings were obserntl in the case of one female which W;1S 

observed to feed. at three difrerent places lind which was afterwards 
left in a vial attacht'd to the pl:mt for 2-:1: hours. Upon sectioning, 
intt'rnal lesions wt're fOllndin the tisslles in all three places where 
the speeiml'1l had bl'l'll observed to feetl [wd a qlH'stionable lesion in 
the plaee where it was ("onfined for 2-l hOllrs. This specil1len was 
left attached for :t fi fth feedi ng bll t. diNl before the end of the 24
hour l){'rioc1. A male with the same history caused !lve external 
swellings~ having :fed before dying at the last plaee. From the tests 
in the s('ri(>s forl!J:27, which wC're IIltimately checked lip by micro
seopieal ('xalllinatirm of spdiOlll'd plant materiaL thel'l' was only on\~ 
individllal that; l)l'fHllll'ed no idelltiliabh' rl'action. This olle (a 
nymph) hail been ob~er\"P(l to plineture the plant in tlll'pe places. 

l\Jg'I'HODS E~IPLOYEO FOI~ InEN'L'IFICATION A~D STUDY OF 
LESIONS 

Th(' J"t'C'lIlts of this s('ri('s showed, for 011(' thing, that ('xternal 
swpllings eOlild not lw relil'd lIpOIl for identif."ing the d:ullage. Dut·
illg 1D:28 it was fOllnd aft:('(· !l number of trials that comparatively 
thick fr('p-ltalld sl,ctiollS stained with safmnin prm-ided It rapid and 
fail·I." satisfndory lIH'tho(l of determining the pl'l'sence or absence of 
int('rnalll'siolls, alld this 1l1l'l:hocl was emplo,Yedin mllt'h of the routine 
examination tlw..pafh·... \\'hen:t more carcl'Il1 stlld," was desired, 
themail.rial\\.:I:-:imlw{l(h.dinpa ..a!lin b.\' the lIsllal cytological meth
ods and :-:('t'( iunl'd with a I"Otary mierotoll1C'. 

Thouglt ya riolls sla Ilda 1"(1 ki IIi ng a nIl fixing- reagents "'cre tried. 
(o...nal i n-:lc'pti{' :I("id-:I I("ohol was ('Ill plo?<'ll as tIl(' fixatin~ Jot' most 
of the mate ..ial. large'h' becfIllse of its COI1\-enience. since it could he 
lIsed as a l)l'pscn-ati,-e ;IS well as a. fixative. Free-h'and spctions f ..om 
HlO to :200 micTons ill thidGH'sS wpre (,lit with the aid of a hand micro
tOIl1<', tT:lIlSft'ITl'(\ (0 (hl' fo ..malill-ac(,tie :l("i(l-aleollOl fixatiw, and 
stailled in snfranin. 'rhe pa ..a!lin-imhedded mate..ial ,,-as Ctlt 10 to 12 
microns thid" the s('dions Jllollntl'(l sPl'ially. and though variolls 
stains \\'l'I'(' tl's[<'<1. tl\(> rnal:l'rial was st:lil1('(l for the most part with 
FI('mmin!!",; triple ~tain. iron hapl11atox.din, 0 .. safran in and light 
green. 

SPECIES INCLFDED IX TH1~ EXPlmDIENTS OF 1\)28 

FOlll' othl'r spl'cies of )firicl:1(' in addition to } '8(171 118 8t1'iatu.'i were 
ineluclpcl for {'olllpa,rati,'e OhC'PIT:ltions in til!' exp('rimentR of 1028. 
Two of (11!·sl'. [!lfIlIS JII'atnlsis (L.) ancl.1rTdJiliOf.·o/·is Ntjlie/us (Say), 
hanl 1)('('11 (lennitely connt'ci'l't1 with fiC'I<l clamnge to eotton. whereas 
the othpr b,'o, L. IIpi('{(7is Fieb. :111(1 p()((oi/OS('!l11I8 ba8(fli-~ ]{CIlt.. are 
very sl'lclolll fOllnd on this host plani:l Tndi,'i!lll:!ls of <':It'h of thef'c 
speci('s W(,l'l' i('st{'cl on ("otton skill'; anfl ll'af pdioles by thp methods 
pre\·iousl.,' (l('s('rib('(1 :l1H1 W('I"(' founcl to calise ll'siolls ·which were 

.. E\\~t\I;~ K. 11 rFI',-TTS ()'\ '.'",,. l~fn'TIl~ 1'l..\="T ftJ.' TIIB F'1'~I'!n1:\n (IP c"gll"l'.\I:\ 1I1·:\lll"n;tu 
OP Tit)'; 1·\\\1I1.' "'HUHI-;. ,loti I', Ef'lll1. 1'~nL :..!~: .lit TIi;). illus. In:.!H. 
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indistinguishable El'om those of l's((IIIlN s('}'iatIl8, nlthough the aver
age sen-rih' of the tlaHlag{' ya ripd sOllle"'hat alllong the different 
species. ' 

CHARACTER OF l\nRID LESIONS 

Small. SPl"ips of (-xppriItIPltb; in l!l~T. as \\'('\l as many others 
in ID~8 and 1()~!), pron~d that ill(li\'iduals of the sallle species va.ry 
greatly as to the ef[('et of their fet-ding puncture's, though consecu
tive feeding pultctures of the same inr1ividual pro{luced lesions of 
fairly uniforlll sizt'o In stainpd sections the t.\'piCill mild lesion is 
lIsuall V fOllnd to be (,Oil fin('d to the cortex or to Lhe ~ortex and collell
chym a: (pI. 1, H), and thl' ntl't'ctt,(I ('('lis al'e ('ircularly arranged 
about IIH' (,PHLpr. The terlns ,; ksioll " and "hopper damage" have 
been applied to all. sueh ntl'ed('d arpas althollgh in the smaller forms 
th('re lIIay L)t- 110 e\'ideltee of any destrllctioll of tissue. The cells are 
ine/'eased ilt 1tIlIIlbl'l', oftPIt ('rliarged, alld mmally stain more densely 
th:1n those in Ule normal sUl'l'ounding tissue. The Iluclei are large 
and promiltl'nt, aJl(1 the gelH't'a1 appearaltce is one of eell activity 
wHll lIlore ol'lt'sS distortion due to I.H·pssllre. From the smallest 
lesion, ill which olllya half dozen Ot· so ceLis arc affected: all stages 
lIIay be encollntered lip to the most sew-I'e :forms in which a half or 
l1Iore of tIle stPl1I Or I.)t-tio\e has be(,11 aif(,ete(l and :1 ::rood part of the 
tisslle has been destroyed. (PI.~, A ana n.) 

As the areai 11\'01\'(,d b('('ollles larger, collt'"chym:L n IIlI epidermis 
are fOI'('t-tl olltwal'd to /'01'111 the sweLLing:; which appear externally." 
1Vllell the press1Ire bt'eolllt'S too great the swellings split open length
wise of the stt'11l (pI. ~, B), ancL the exposed tissnes on dying form 
grayish Ot· brown ish scars. ,Vhell the punctures are comparatively 
cLeep, extending close to the vascnlar tissues 01' into the pith, the 
swellillg::; Illay merely compress the tissues internally, and fairly 
large areas 11:\,\'e be<'ll noted which did not show at all externally. 

In mediUlIl-sized lesiolls the pressure fml1l the increase allcl eil
largclll('lIt of tilt' cells causes much ceLL distortioJl: progressing to the 
poi nt when- !lIP central ones a re apparently l'uptUl·('d. III larger 
lesions n considl'l'able central al'ea of bl'oken-<lown c('lIs may be thus 
involved. (Pl.:!, A.) The 1'emaillS of ceIL walls and contents form 
a conglonH'I'att' IIIaSS staillillg brown or red with thc stains employed. 

That Cl'1L mUlt.iplication OCClll'S and is invoh'ecl in the formation of 
the swellings is shown by the finding of nlldei in nlrious stages of 
mitosis ill the youllgL-r \t'siolls. The smaller lesions and those in 
early stages of (Ie,'eloplllcnt are recogllizcd in the staincd sections 
principally by thci:u'gc, pl'Ominent nuclei in a smalL gL'OUp of 
tells. some of thl' celis tlwmseh'es also being enlarged lind iL'rcgular 
in outlille. (Pl. 2, 13.) Iron haematoxylin stains are especially good 
ill bringing Ollt the 1I11(:It'i. The cell cOlltents aL'C not wclL preserved 
in free-hand sections and in these the identification of the smaller 
le~iolls dcpends on the distortion of the cells lind deeper staining of 
the affected area. 

The external swellings usually appear 011 the second or third da.y, 
occasionally on the fourth or fifth. There is onc record of a Lyg1t.S 
pratell8is causing split lesions which appeared in two instances 011 

"Tn Ih,' ;;r~nt 1II:t.fOl·ify (If cas~s th(- swellln):~ from sin):i(- pun!'tures nrc 1I0t mOt!' than 
2 Or ;; nUll. in (lialll~t{'r. An Ielrn or the usual rnnge In size may be J::nlned from the two
~(I(·tillIlS ,!oihnwlI in I'IHt(l~ 1, H, anci :.!. A. 



Tech. Bul. 296, U. S. Dept. of Agriculture PLATE 1 

FEEDING PUNCTURES OF INSECTS 

A. (jIH~S rjol aitnel\('d to n fruiting hrandl on n ('ottOIl plnnt. In em'It vittI nn insect 
wns ('ontitll'd !\O it {'oultt ((led upon u smull portion of the. stern. .A piel'1! of ('olton 
lint or ahsorlwnt ('olton otll'u('h !1itlll wi1l'rl' the rim dill'S IIOt. ('OTIlO in (,()Iltnd, with the 
stllTII pnlH'Tltetl llw t\~{lIHPO of llll' illsl'('l. H, A ('oIllI~nrt\1 i\'l'l~~ luil(i lesion l'onriJll'd 
to tho ('Orh'X 1\11d ('ollelwhyllln of n tot Inn ~;tellt. 'ehls WjlS t'Hllseci by nn ob:-;cn'cd 
fl'('dinl' of nn iI,lull of 1',,"11118 .crilllll., nntl prOllllt'!'" iI sli!(ht swellin!( which II'''S \·isi· 
1.le ('xtl'rllully. TJll' Tllalcrini wus pnlgervl'11 for SCl'ti()ning; nn~ lh\~·$ nflt'r Ihe fl'c(l· 
in~. Fh'lIllllillj!'s triple slain WIIS 1I$(.'d. X 50~ 



PLATE 2Tech. l3ul. 2')6, U. S. Depl. of Agriculture 

SERIOUS INJURIES CAUSED BY THE COTTON FLEA HOPPER 

.A,.\ ~l'\'l'n~ 1C'.5ion ('XlCtHlinJ,! froIH the rollen('hymn to the pith ora {'olton stCTIl with some 
of I h~ \"Hsruh\r li~~t1C ulfl,'('ll'ti and with un Ilrl'!\ of ('Otllpl(lteb~ hroken-do\\On cells in the 
pith, ('nus,,!! liy an ,,,11I1i kl'pl in I he. feedin~ \'i,,121 hours. 'L'he material was preser\"o<i
for ~C('lioning ~ix days nflrr tho altlH'itment or the vinl. FlCTll1Iting's lriple ~tniJl wns 
\IR('(1. X !!S. II, 'I'wo lorge split 1",ion5 in n lenf peliol(' with O\'cr h:llf of the petiole
dntllugpd, ('nused hy n malt' ('Ollfin(ld on t;hfl pl:1nt for '2-1 hours. S:tfrunin nnci li~ht. 
gr('t'n !'lain \1~('(1. X 2..". 



T«h. Bul. 296. U. S. Dept. of Agriculture PLATE 3 

A, ~\, Ill~*ln in thl' {'Orll1 
\: pr:l I){'lioil' ~IHI\\ in~ IIIP j'nl:Jr~(lrf ('(l115 uIIfIIlU(·lri. \\~irh a 

hi~h('r mng:uiti(':ltiull OIH' dfvidilll! nlH'll'lI!' WiJ:-; :-:rf.'n in thi:i -sl'C'(jon. The (('SirHl 
was p:llIs('d hy an adult l~yf}tlS flpicll/i.'I' c'unfirwd In lhl' pt)tinl(' for ~J hOllrs~ 'I'h(1 
HI~Hpri:ll \"IIS pn'.s(lrr(lri for !':{\('Uonirn! tin' dny.s artl'fW:1rd:;. hilt tlw npPl'lll':U)('(, is 
J/lOn\ I"~ I"{',ll or thll ('arli(\r sla~l'~ of dc\'\\loi~mt\t;t. ~'ninc-d with iron hlwm:tlnxy. 
lill. XU:!, n. Path or lilt' (Pl'ding: PUIIC'tllfl' ofnn adult' Sticloccpllllhi rl.'~Ii"f1 in a 
Il'ar Ill'tio!t'. Tlw I'~hllath" shcm S Ii !'thor'!, ImH!!'h at 11)(' tip info tlw phlol'm of n 
v:.\sf'ularhundlr, rI'h(l IIl.sPN wnSOilSl'f\'l'rI to fl'(ld for au miIlutes. :Iud thl' matl'riul 
was pn'H1rn'd for ~(l{'1 ioniuJ!six hlHlr5Ial(lr. So "(III n':lpl ion hUll H~ ~"l't dl1V(iloPl-11
in 11111 adJ:u lillt t j":-Olw. ::Laitwfl with Fll-mmin(!'s tripl\.· stniH~ X t.I'.!. 
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the ((ay following tile f('cding, Thm;c ",rl'c from watched t'eL'llings 
on IH'O(('dC'd ('otton, TIll' ;-;wdling:-; nsually l'C'aeh tiwil.' Ilulximlltn 
sizp 1)(' foJ'(' titp Ii fth da ", 

~\. :-;tudy of t Ill' ('a r1:,' (\(','('\opnll'nt 01' the h';-;ions has hc('n made 
1'1'0111 plant IlIail'l'ial killed all(l fixC'{l for illllJ('drling nt ntri()us inh'l'
ntis following o\JsPITNl :fet'dings, Pl'eparations -from muterial, 
Illad(, illlllH'diatl'I,\' afh'L' the PllllctUI'PS \\'Pl'e inflidl'(l and G and 12 
l1\llll'''; tllpl'('art{,I', lIa.ve not shown dpHllit(' ill(\i('atiolls of ('(,II I'l'adioll, 
Til :-;l','C'ral SPp('illll'nS :t fpw (,lIlal'gp(l nul'lei :tn(\in 011P speeinH'1l a 
di\'idillg nUel('ll;-; wpre IWI'('!! ~.~ lIolll's a f(pl' till' Plllletl1l'P;-; \\'l'I'P made, 
OIW pl'('pnl'ation, madp 2,~ \rOllI'S aftel' a Plllldlll'l' fl'ont L!lflll'~ ((pic{[li.<, 
show('d :1 {'Olllpal'atin'ly \\'l'II-dl'\'plop('(1 an'a in tlw pithim'oking 
about:\O ('("lis (pl.;L .\). wll{'I'('as lIotllillg dl'iinitt' \\'as fOllnd ill ('pr
ta i n :If)-lIouL' and ('\,('n 4H-holll' spC'('inlC'ns, 'flli;-; s('l'i('s was small 
alld it is prollHbll' tllnt SOIl\(' or till' Inttpl' \\'(lIdd Ilot han' dp\'('lo]lp(l 
nny posit i\'(~ damag(', 

'1.'11(' /Psiolls IlIny :-;tal't ill allllost- all,\' part (If ~h(' ti:-;s\H's, .\s Ill'('
,'iolls!\' Ill!'ntionf'd, th(' mild!'1' COl'IllS 11;-;lInll\' 0('('111' in til(' cortex. bllt 
thl' Plllldlll'l' ilia,\' go ('lltil'l'ly t1l1'ollgh thl; Yas('ulaL' tif:Slll' nnd ('('n
trllliz(' ill th(' pith or. ill I('af pdiole;-;, in which then' is not- a (:oll1plC'te 
\':1:-;('lIlal' ('dilld('r. tl\(' ('(,lltl'I' may he found ]wtW(,('1I the \'as(,lIlaJ' 
IJnIHll(';-;, ()th(,I' ]1"11('(111'(''; :-('('Ill t() 1)(' ycry ;-;hallo\\', alld. till' (,l'nt('r of 
t IIp \(O;.:ioll appl'a 1';-; ill tltl' coll('n('lIyma with tIl(' a ff(Oded cells spreacl
ill!.!: Ollt fa II wisl', .into till' ('Ol'tpx, In lttr!.!:('l' !'w('llings the ,'ascular 
l'y'lilldl'r Ol' a YIIsl'1I1ar hundll' may be iIl\:oln,(1 ill the sWl'lling with 
a port ion () fit d i"tol'tl'(\ or ('0111 pll'!l' Iy (lestL'()~\'Pd, a ntl a. f('w im;tanees 
IIn\'(' l1(,l'lI lIotp(1 ill \\'hidl tire (,l'ntf'r of th(' lesion "eemed to b(' in the 
\,:l,.;(,,,lal' ti"slIl' it,,;('I!'. 

Illjllry rrOll1 till' PI'l'''''III'(' of thl' rim of thf' yial ha;-; beell obsl'LTl'll 
ill SOlllp i""(:111('(';-;, 'I'll is II ppl'a 1';-; as sl ight dl'pn';-;sioll;-; 01.' as bl istered 
"pots hut Oil ~('di()llillg (lops not ('xtl'I1d HlIl('h bPlow t\r(' epirlC'rl11is, 

SPECIES IXCIXDED IX THE EXPERDlEXTS OF 1929 

Dllrillg In::!!) ill all ('frorl to find a plallt-sll('l,ing sl)('ci('s \\'hi('h 
\\'oilid !lot- ('allf;p HI('h It':-inns in ('OUOIl, t\\'o more spl'eies of 1Ie
mip!!'I';! :1IHI thri'l' "p!'('ir's of TTflInnph'ra that fU'(' ('ol11lllolll)' ('oll('ded 
ill s\\"('l'pil1u·,.. frOll1 \\'Pt'''" til' ('OUOII \\'('n' add('d to thl' ('xpPI'illlL'nt", 
On(' of till' fin'. a IY,!!a('i(l. (,'I'(J('()}'is plI}u'lip('8 (Say), is said to he 
pl'l'd:H'i oll"': on nt-hrl' in,.;('cts nllc1 normally llot a. plant 1'(,('(1 PI', An
ot\ll'r was .r.'l8hl'~ f'a/ijo}'l/iliM Still. a ,q)('('jps of til(' ,..:al:ll' family, 
Two of till' "pp('i('", lI())}/(f/()(li'~('I(, tl'if/IIIII'II (Fall,) and r,'l'IIpho('('
}l11I';'" I"'/'S"I" (~a."), al'!' ('il'atil'l I i(\,..:, alld til!' fHtll sp('('i('s,Slif'I()
('I'IlIIII/a, fl'slill(( (~a,Y), is a IlIPllihra('id, 

};XPEIU~IEX'L\L rmSrLTS WITH DIFFEREXT SPECIES 

.\ sllllllllHl'y of till' ('(JIllpal'atin' rl';':lrlts ol,tnilH'd ,,-ith tile 10 
~I)('ci('s i,..: ,l!'in'll ill TahIP 1. Till' f('pditlgs W('f'(' all iliad!' ill till' same 
way h~' altll!'lIillg yinls ('olliaillillg :-;illgl(~ il1!-(,('(-"': to lea f lwtioll's or 
:-t(,I11"': (lI"lIall," hl'alll'lI :-;t!'l\ls) IH':\I' till' top of illlllla!III'p plants.') 

It S" appan'1I1 dillpl't'IlI'P W:1' niltpd tJl'fWI'PI1 ~tt'lIls :tnt! 11';\1' J1(1tio).';-: :1 .... I'PUOIl'dl" Ihl' dHIlI4 
:H!~ 1II'IUitlt·"(!. .. \:0:: 11 l'lIlp, y,)tll1;,! ipnf pt'tiol£':{ pt'Il\9idrc] lJctipt' lIlntt'I'ial for ~-;P('tiOllillg- :-:incc 
t h,'y {'on I:lill 11'~s ww)(l,\' ti:-:HIlP Ilinn do till.' ~t {'1I1!-\. rrlw pl;\I't',S ~plf'( {t·d, whQth('r IwtioipF; 
nl' "'tPII1:-O. \\"p)'p l!~lInll.\" Ih(> 'yOIlIl;!flt' PHI't~ of tltp pluTlt. but thn..:p whpl'e netin' g-rowth had 
lWf'1l ('1l111plptpd (Jl' IWIU'ly '!-:n~ 



TIl a few ('aSt'S the yials W('t'(' left attat'ilc(l fOl' ·IH hOIIl'S 01' longot'. 
Othcnvise, if the illSl'('t was still alive at tho end of 2+ hOIlI'S, it was 
llloYl'd to anothN' point aTlll attnclwd as beforl'. 'J'ltt' limits of the 
tn'l'a l'xl)()sed to the l11seei; Wl't'c m:tl'kl'!l with India, ink, tll1el each 
pInel' was lagged tllHl n1lll1bl'l'cd. The f('cding pla{'o waH then ex
amined daily until tlbout the fifth day nftet' attacltmt'nt of tht' vial, 
wh(,1l til(' S/{'I!l Ol' It'ld' was {'ut ofl' and taken to the labot'HtOI.T. 'Yith 
only a. few ('x(':CptiOllS, all {host' whieh did not show ('xlcrna.l s"'dlings 
W('I'O s('cliOlwd and stailll'(1. alld til{' Sl'eitOns of tho l\ntil'l~ sel'ies from 
tlw ('x pos('(1 al'plt wel'l' exa III iIl('d III iCl'os('opicall,Y. Ins('cts that; died 
or eS('lqwd lwfol't\ t\il' ('n(l of ~·h ho\\rs \\'t'i't~ omiU('d from tilt' ('Olll

parat in' tabulatiolls. 

'.l'AHLJol ·L.'IlIlIlIl/flI"J/ or lilt' /'("~Illt); ill t!Wl (It i/i.lil'ilil(fll {""ditlIl8 Ill! JIIIIIII· 
Nl(ckill{/ il/.~('cl.~ 011 ('0/10/1. SII'IIlR I1I1Ii fJ(·ti()I('.~ 

[_\dIlH~ nnll 1l)~lIIphs l\xpO~l'd ill viHI~ for 2·1 h01Jr~ or IOlJ!,wrl 

, ., 
i Pflsilh'l' I 
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'I'll(' ('OIUIllIl Iwnded "IlIrli\'i<luals:) shows the llumbcr of. insccts 
that ('olllplpt('d at I('a~t one :24-houl' (,XPIl~llI'C, 'III(' llumlwl" of ex
]>O;-Ill"(,'; ranl!l'd fl'om 1 to H alld :L\T'ral!pd aboll( :2 Iwr iJ]sC'C't.' 

Thl' ]ll'opol'tion of positin' IWII!tS among the sp('cies of :\Iiridae 
is \'l'I'\' hi~h allll shows only sli!rht nlriatiolls !)r'tW('('n adults and 
nYllIpils of nl(' sal11(, slwci('s 'or b;,tw('('n difl'en'nt spl'eit's: <'xcept the 
IH'l'C'plltagp for ndllJt" oJ .:lddllllO(,OJ'i,~ /"llpidu8, whic·h \\"as somewhat 
below thl' ;u'prngp, Snllw of tit(' largest split' lesion::; have been 
(':llIS('<I by thi" sp"t'ips: illle! a" IIII' ad.ldls ill'(' Inrg\' nlld difliellit to 

7" Tilt" TtHixilUlIlll t\ul1lhPL'~ of I'l'i'dillt:'l{ Ii," )-iill~I(\ hl:-i(ll'l:-; \\"(.,"(. 1I1J1:tilll·tI ill 1!)~S \\"11111), ()lW 
nllllll 1.J/!III,' 1l1/i,'n/i" ",liS l<l'pt 1111:1,,110'11 to th,' pl:1111 :1i'diO"'I'PIiI points 1'01'10 llnys, and 
lIli illdiriduul C'f /'!I[Jll,lt pratt w~j.q W:1!-; ohi4PI'rf'(l to f"(lcl .1(; (imp:; in two d:lYs. 
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halldl(' in \'ial", it is suspected that 1II0st of the ncgativc rcsults were 
11tH' to til(' I':\illl\'(' of theinsN'ts to 1'(,(111. This is bornc out by the 
fad that of 13 IH'ga t i vc I'('::;ulls with tit i" "I)('('il's R "'{'l'C from il~\sccts 
which ga\'c positivc reactions at other points. 

'I'll\' 101"(>::;( pl'oportions of positi\'c l't'aetions W\'\'(' obtained with 
th(\ twn ":Iweil's or LygaC'ic1aC'. 

'I'll(' last two l'ollllllllsin Tablc 1 gin.' comparisolls of thc I't'lative 
t(lxil'it,\' of the <1ill'(','('n!: sppciC';;, The pcrcl'ntagcs arc based lIpon 
Ib(1 II IlIlti Il' I' of fe('c1ings pl'oducing posili\'(' rcactions: and it 11l:l)' be 
.IlO((lll thaI 1)()('c:ilosc.'Itu8 7J({,~({li8 takes fil'st place in the proportion 
of (lx(f'l'llal as \\,(111. as split :-;\\'('11 iIlg;; S jll'O([IIl'('c!, ,Yhpil cOllfillt,t1 on 
('lltt(lll plallts ill ('ag(IS this :-;peeips also l':lll,.:es the blastillg or Sqlllll'CS. 
FOl'llllllltl'lr i( dOllS not OC('III' ('ommolll\' on fit'ld ('otton, 

/..'/,1/1/8 Jlj'at('lIsis aIso pl'odllcC's :t h igll Pl'opol'tion of both (\xtel'l1:tl 
and split :-;\\'l'lling:-;, bUl Fsa//U8 8(')'i(/tu~~ prodll(,('S 1'('latiwly fl'\\' split 
sWl'liings.. ,AlIlollg the slwci('s of whieh :t Jail' 11 II IIlIH'I' \yf llymphs 
\\,PI'(\ (',.:tl'd. (Il(' adillts j)l'Odu\'\' 1l101'(, dalllagl' as IIIC'aslll'ed by split 
lC',.;ioll";, a I (hollgh (hI' nylll phs ill a II ('asp,.; pl'O(llJ('(' a sl ightly higher 
jlPI'('l'Il(ag(' () f po,.:i t. iVI' I'l'ad ions, '1'11(' Pl'opol'tion of (\xtCl'nnl swcll
illgs i.,.; \':tl'iahll'. hu! til(' nymphs of J>. 8('/'iatll.~ produc'c a highcr 
]ll'I'l'l'lliage thnlt thl' adlll(,.; . 

.A IllOlIg Ihe liOlllop(,I'a. /....tidol'I'II/wia fest hill prod \leeS a fai rly 
high pl'opodioll or oh"C'ITalJ]e an(l ,.;plit s\\,pllings,wh(II'e:ls the figlll'es 
fOl' {/)'((/i1I11('I'Jilwlll /'I'I'Sllta in(lic'nh' Inihll't: dl'C'cts In foul' of the 
Iin' t,,!'t;; wi t h II ,\'I II I'll"'; of !foll/aiodis('({ t1'iqllctJ'{l ll'sions \\'('1'(' pro
dll(,(I(l. two of whidl W('I'(' yi,.:ilJlf' l'x(,I'n:t11y. onc h('ing a split I('sion. 

PIWPOI{TIOX OF rXDlYIDL\LS GlYlXG POSITIVE HEACl'JONS 

TIlt' PI'(Jpol,tion of iIHli"itlllals giying at I(,flst 0111' positiw l'paction. 
\"hil'll i,.: lIot ,.;ho\\'n ill Tahle 1. i.,.; ('wn 11101'(, .,.;ignifi,('ant than the 1)('1'
('PlltagC' of po,.:ilin' I'p:)('tioll"; ha~\'d on :-<'pal'atl' fN\(ling". A SUJl111wry 
of thi,.; 1'01' thl' lin\ spI'('il'''; of 7\lil'idap Ilia,\' 1)(, gin'n as follo\\'s: Of 4G 
f('(lding,.; .ill 1!.l2S till' 1'(''':lIlt,.; of \\'hi('h W("'P 11l'gntiTc 01' doubtful (in
('l!ldinL!' both \\'atclH'd f('('dings alld ~,I·-holll' fp('ding,.;). ·1·:2 \\'PI'(, from 
:.!.i indi\·idllal,.; wllil'll ga\'(' po,.;itiyl' re,.;lllts al' othf'[' ])11 nct 11 I'llf'. 2 in
di\·idllal,.: f('d 0111" (Jllt'P. and 1 !!a\'1' ne!!atin' 1'('5I1l1',.; in (,:I<'h of 
t\\'o tp"ts. Tn I!l:i!) of III f('('(ling~ (indl\clinp: 1:1 of A(I('lpltoC'ol'is) 
th:t1 \"(,l'l' li,.:tl'd a:-: 1](I!!atin' or' douhtf1l1 after examination of the s('c
t iOIll'fl alld "taill('d pianl' Illat!'l'ial. l·l \\,(,1'(' f'l'tllll ill~('ds that ctllls('(l 
lC'sions at otlH'1' points. ;) of the indi\'idual~ ('omplct('(l onl~' onp, :.!+
hOlll' \'XjlO"';Ul'l'. anti on Iy 1. ('Olll pld('d t \\'0 fl'l'tI i ngs, 1wi ther of which 
was delinil('ly llo;:it in' in result. 

Tit!' lal'!!(I:-;t lllllltb('1' of Ill'!!at in' I'(':-Itlts in 1H:.!R ('anw fl'Olll ,I !:'(,I'ies 
of' \\'at('IIt';1 ft'fltlill,!!s \\,ithl.!f.!/Ilx llJ'(t/I'IiNis. ,\'llit'h was l'atlt(,1' SlIl'pl'is
in!! in \'it'\\, of otlH'1' \,\1;-lIlts wilh this lIwthod a,.; \\',.,11 a,.; with this 
"l)l'('il's, Oll\' of tlw,.;(' ill,,('ds gave 1\(lgatin' I'l'Slllts in +i'e!'c1ingsanc1 
po,.:iti\'\' I'l'Sltlts in I:.!: :llltl :1110Ih(,I' ga\'(' IH'p:nlin' I'P"lIlts in ;1 ras('s, 
qll('"tiollabll' 1'C''':1I11,.: in :.!. :lnd a po:-;iti\'(' 1'1':)('tion ill 1. A jlo,.;,.;ihl(' (Ox
planatioll or this may he :1'0111](1 in tlw 1':11'1' tltat in ol'(l<,1' to indllC'(, 
tlHll11 to 1'('('(1 illlm('cliatply. th(' insl'ds fOl' I'hps(' t(lsh; \\'('I'e stalT('(l for 

".\ dl'~i·l·ipli.nt1 or thp splH f.;\\,pllillg'~ i:-: gh-I'n lIndt'!" lit£' IH'H(ling' ClIul'uefer of ~{irirl 
l~p~lon:-;. 
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long(II.' o\' ~;llOl'tel' l)(,l'iOtls uefore !lei Ilg pl:!('\'tl Oil !:II(> plallb-i, awl some 
of UH'IH pl'Oballl.\' becallle HO weak that Ul(~'y ,,'cre unable to complete 
the C{'('ding ill all ('asps, ('\'en a:ft('(· the ]>roboseis ,vas inscrt('(1. Somc
thing sillliial' has heN) obsC'I'\'ed with w('alwned mosqllitoes. 

The !'('('onls arC' flll'thcl' sllllln):tl'izpc1in Table 2. 

TAUT-I!J~. SIIIIWIIII'!! of IIP/llllil'(' 1'1'8/11/8 ou/ail/cd in 11128 (1m!. I!J29 fl'om fcellillgs 
tIll Jl((lI/(-xllcI.'illfj iJII!lN Oil ('0110% NII'IlIS tmd lJCliolt',~ 

,·'pptiirll!s rl1('orlied ns Iwgntivo or dl)uhtruL.,..

Individual ill~N·lsitl\'olvt.\d .... ~_. ._~w .. ~ __ •• __ .. _. • 


Illdil'idlllli inSI'<'iH which cllIIsulll'osiLive reuctions Itt other 110illtS,

Insects whiell hid ofllro[J(·c~._~_~. __ .. ~ __ ._,_~"._" , __ 

Illseeis whieh gn\"o two tlL'~nti\·c.rc5I1lt:; .. __ .... ~ .. ,~_ ........ _.. ____ .~ 


Alllollg thr' sillall sl'l'i('s of Psall1ls fl'l't1illg ill l!l~j'. Olll' lIymph, 
as Ilit'lltiolit'd pI'P\'iolisly (p. :q. PI'Odll('(,d lH'gntin' I'('sldts ill two 
rasps and dOllbt fill I'('sldts in Ollt'. This mak('s a total 0-[ onlv three 
iwlividll:t!s Ollt or the l'lItil'(, Illlmbl'l' t('sil'd that protlllcP(l 1Il0~'(' than 
011t' Il(lgatin' and 110 positi\'c J'l'adions. Fi\'(~ othel's Wl're t(,!'lh:'c[ 
ollly OIIC'P alld possibly did llOt fpccl. '1'11(1 gencral ronclusion to be 
drawll is that' Ill'arl,\' all ilHliYiduals 0-[ thpst' spl't'i('!'l lIlay be ex
l)('dt't1 to I'allsp a I'pad iOIl ill the plant similm' to that which is 
]'(wogllizl't1 as hoppt'I' d:lIllagl'. A YPl'y fpw may IX' aetunlly nontoxic. 

Tn \'il'\\' or tlII'S(' I'P:,IIHs it was not nltogdlH'r slirprisillg to find 
tha t till' hOIIlOp«'I'OIiS slwcieH ea 1I:'t'd si III iIn I' I('sions a nd a high 
pel't'pll tag'p of posit i YC' 1'l'adiollS :frnm fl'P!! i Ilgs. It lIlay be well, 
l!oWt' \'('I'. to wn rn nga i Ilsf tIl(' ('()I J('IIiSioll tlla t all t1WSl\ sJweit'S arc 
potplltial lH'sts of ('ottOIl. SC\'('l'nl of tllPll1. althollgh tnk(,ll o('C'ttsiOl1
all,\' 01' fl'('(lll('lItly !III ('ottOIl. ha\'(' 1I0t 1)('1'11 ('onll('cteilin any way 
wilh lidd t!amag'('. TIll' two HH'nllPd shul'pshootC'rs, ]J()m(fl()(U~ca 
II'iI/IlI'II'({ ant! Oll('oll/flo/II'!I 'l//I(l(1/a (Fall.). ,,'hieh arc oft('n abllndant 
011 ('olton, appan'ldly t'tlllfillt> t1wil' atb'lItioll to till' ,,(PillS. Hnd n!'l 
till' l('sions pl'clIllI(,l'd 1It'I'(' :II'(' lisll:l1ly Illiid. littlp 01' 110 1I1(':I!'llll'abl~ 
(1:lIllage sP('ms to l'l'sliit. 

THE P.\TH OF THE FEEDING PFNCTnmS 

Of slll'('i:1! illll'J'('"t ill till' caH' oj' thp t11n'(' sp('('il's of HOllloptem 
is till' fad that the fl>tlding 11ulI('(ul'('s ])1'011\(('(, a ~hnl'pl,\' ddill('(l 
slwath \\'hil'll "taills a bright I'('d with sai'mnill. (PI. 3, B.) This 
Ilwkl''' it po""ilJll' tl, follow till' pal h of the pl'ol)os('is thl'ollp:/t thc 
tissue'" nlHI "lulW" quit!1 <1l'finitdy that these. insects sefll'eh out the 
YaH'lilal' I issllt's ill whir'll to 1'('('11. If the path does not go stJ'aight 
(o\\'al'd (Ilt' ('\'lilllh'I' or a 111111111(' it" i" lisually I>l':In<"1lell tow:Il'd tlw 
tip. bpI'all"\' IiI' (ht' prohillg (If ttll' ins('(-( in ('liffl'\,C'nt (1il'l'dions, :tnd 
01 It' or thp bl'alldlt'" Iliny IH' fOlilld to ('ntl .in eh(' phlol'm o(;(,Hsioll()J' 

nih' til(' xyll'lll. "'ell-fol'lll('d slH'nths 11n\'(' l}('('11 JOllndill tissllcs 
kined 1'01' ;t'diolling: illllll('diatply afll'I' t1lP Pllllt'tlll'C of Slil'fo(,tp/wfa 
ll'81 ilia, 

In tht' ('asp or thl' )[il'i(l:ll'. 11IalpI'iai pl't'SI'IT('d soon ni'tPI' Plllldlll'C:; 
,\'PI'(~ niJs('ITl'd shows lIothillg to illdica(' (ht' path {nkplI by the 
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pl'oi>oHeis alld. uSllally littll' 01' no l'vidpnt't' of in:iuL'Y, At the most;, 
t\\'O 01' thl'PP ('ollapsed ('ells that seemed to have beell pUlldun'd have 
bN'1I :l'Olllld, III old('I' lIIatprinL pl'l'seL'ved aftl'L' the Lpsiolls al'e well 
dl'vl'lo]ll'd, occasional Hpeeillll'I\S show an il'l'l'~lLLar browllish streak, 
wll iell may lIa \'I' bPI'1I the Ii n(' of the OI'i!-ri naL path, L'II IIII illg :l'or a 
SllOl't d isla lien til I'ollgll tilt' cellkr 0 r (he ksion, Dl'adplI('(l cell walls 
lakl' It I'pddish 01' bl'oWllish stain alld ma.y also apppal' through the 
lesioll as a. shol't sil'pak, but; thl's\' a1'(' as apt to be at right :tllgles 
10 Ihp dil'l'diOIl of !:Ill'. ]ll'ohoseis as ofh('l'wis(' ami nl'C uSllaLlyrathel' 
l'usily distill!!;llislH'd frolH lhe broad sheath of matl'l'ial :tl'ound the 
path' of thl' :Ilolllopt('1'tl Plllldlll'l', It Hhould be 1lll'lIt iOIll'(1, howl'ver, 
I,hnt in a. fpw IlIic'l'otOllll'-sl'dioll!'d SPl'('illll'lIH of 5-day-old h'siom; 
e:t1I::ipd by Stido!.'epha I:L thel'e al'o ce!'tn i II ilid i('ations that the slll'nth 
nwtPl'ialis gradllally absoL'bl'd 01.' difl'used by the plant, fl.S in these 
sL'diollS t1w paths :U'(~ bl'oken and 1I0t Wl'Jl defined, 

Of flll'lhl'I' ini(,I'l'st ill ('OIlIlPdioll with thpsp obsPL'\'ations is the 
fad: that thr shpaths are similar to, alld I)('rhaps idplltical with, 
thosl' dPc;(,l'ilwd hy HOl'sfall \) and oth('l's al'ollnd thpt\'cdin!-r pliIlC
tlll'PS of »('\'oral sl)('('i('s o.t aphids ill Y:triolls plallts, This ·wl'itcr 
dil:WIISS('S fh(' n:ltlll'(, 01' thl' sh('ath nwtpl'ial an(l is illdinpd t:o thp opin
ion that it; is :I. s(,('I'l'tioli of til(' n'lls as a rl'a(,tioll to the WOllIHl 
stinlllills, In \'il\\\' 01' the faet that; wcll-dpfill('d sheaths ha\"(\ beell 
fOlllHI illlllll'diatply H Hpl' tIl(' punctlll'l', it S(,l'I1lS liln'ly that the red 
::ifainill!-r sllbstnncp 1'('SIIIb-; frolll the aC'fioll oJ the saliva of thrse species 
011 tho Illiddlo Innlella (till' illlpn'plllliar la,wl') which the paths seem 
1111 1St I y to follow, 

fll 'additioll to tilP slipaths, ('l'U 1I111Ltiplieatioll m'elll'S ill the arelL 
abollt: tiI(, ]>lIl1dlll'l'S IIwdl' by th(' spccic's of HOilloptpl'a, developing 
to tl\(, poillt of tissll!' dl'stl'lldion, and the ('ll'pe/: is qllih~ silllilar .in 
!-rPII('rnl to ihnt ill Illil'id I('sions, 

IHS(THSION OF HEStTL'I'S 

Fl'Olll Ihl' ('XIH'l'illll'lItS and it histological sLlldy of all'l'('tcll plants 
no i nd i('a I ions ha\'l\ don,ln]Jl'(l tlIa t a i i \'j n!-r vi rlls is ill\'olwd, The 
iIlH'('(S tI'sh'(L han~ h('(,11 (liJtailH'd from variolls host plnnis, and the 
fad, that pl'acti('ally all. indi\·idlluis oj! 10 slJl'cies (80nl(' of thelll 
widplr Sl'lHlrated s),strnl:lti('ally) produce a condition ill ('oLton stellls 
and It'ar ppti(lil's silllilar to that n'('o!-rlliz('(l as b'ul' hopper damage 
alllillst; l'('lt:tiII Iy sho\\'s that it; is J1ol'lllaLLy ass()('iatrrl ,vith tl1(' ft'ecling 
]>1I11('(I\I'('S alld is pl'olmbly dill' to the sali\':L inj('(~te(l. Till' toxieiL'y 
of dilren'ld indi\·idllal" is dl'('id('(1Ly \'al'iahle, and this \\'olild Set'lll to 
110 eOllsistl'lIt with the jdl':t of a eh'clllical irritant. 

.\lIolh('I' poillt is that th" Il'sions Ht'n quite definitely limitl'(I anel 
show no 1('lllll'IIeY to l'xtend tht'oughout the plant. It is pOHsible 
that; a \'il'IIS llIight enter the vascular system and be l'lll'ried to othpl' 
parts, III no im;tanecs, hOWCVC'I', pither in the PI'('sl'n! work or in 
that of Painter, have youllg S<{II:tI'('S b('en calls(,d to drop by the 
fl'C'diu!-r of the inseC'ts 011 oLheL' parts of the plant, l'xel'pt within :t 

\'PI')' short distance 0:1' tile ~qlmL'es thl'lllse\n's, A I:rri:aill ::;imilarit;y 
he(.\\'Cl'1l the illitiall'l'adion of thl'. plallt <'('l1s to the fecding pnllcturl's 

\l 1I0H~l"~HJr" .r. fl. '1'1111 I-:F'VBC'I'X OL'" PBEnlS(j Pl1~C'L'UHl1S Or" ~\PIlJJ)H 0:\ CI~H'J'.\IX )·T... .\S·I· 
'l'ISHI'~l". 1','1111, Ap;r, Expt, StH, Bul. 182, !!2 p" lIIus, lU23, 
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allfl to wound stimuli (as represented by needle punctures) is also 
indicative of the local character of the lesions. 

In connection with the subject of infection, reference should be 
lIlade to a peculiar, deeply staining, granular material 'which some
time:; ut:cun; in the edls of the plant. '1'hls 'was noted by Painter 
as resembling the slime mold found in clubl'oot of cabbage and was 
suspected by him of being related to cotton flea hopper damage. 
('eils paekl'll with this substance may be :founcl scattered through 
the pith, eortex, and other' tisslles, ami at times they are extremely 
nUIllCl·OW:l. In some of the prepamtiolls more or less of an llccumu
lation of the materia1 occurs in the lesions, but 'with these exceptions 
it hns been found as abundantly in apparently normal, protected 
plants as in those On which insects lulVc fed. It is not regularly or 
lIslULlly associltted with lesions ill early stages of development, and 
an accumulation cOlllparable to that in the older lesions has been 
observed in tissues rcactillg to sterile llcellle punctures. 'While the 
nntuI."e or origin of the l'ubstance is not known, its connection, if 
any, with the disorder must be pmely secondary or accidentaL 

SUl\IMARY 

Experiments were begun in ID2i and carried through three years, 
at Tallulah, l:"a., for the purpose of stUdying the lesions produced in 
stems and petioles by the cotton flea hopper and other plant-sucking 
insects. The object was to determine, if possible, whether the injury 
to cotton following the feeding of these insects was the result of a 
transmissible virus or due to mechanical or chemical injury. 

External indications of injury seemed to prove that only a part of 
the many insects tested had nffected the plants in the way considered 
characteristic of hopper injury, but later examination by microtome 
sections throngh the feeding points showed that practically all punc
tures resulted in the same type of internal injury. The swelling and 
ureaking open of the lesions ill some cases seemed to be the result of 
more cxtensiye injury rather than injury of another kind. 

'rhe size of the lesions produced by one individual in consecutive 
feedings 'was often fairly uniform, but the toxicity of different incli
viduals was decidedly yariable. 

The early reaction of the internal tissnes of the plant is recogniz
able as an enlargement of nuclei and cells at some point along the 
feeding puncture. This has been observed in material preserved for 
sectioning ~± hours after the feeding. Dividing nuclei occasionally 
I01m(l in the preparations show that cell division is stimulatec1, and 
in this respect the lesions arc COIlllJtu'able to the reaction of the plant 
to wound stimuli. The milder lC<;10ns may show onlv evidence of cell 
activity and lllore or less cell distortioll, 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, llre usually Ylsible hy the seconel or third day. 

Individuals of 10 species ('7 Hemiptera and 3 Homoptera) were 
included in the tests. The a \"crage seyerity of the damage by differ
ent species was val"iahk Of the t.wo more imporbmt fi.elc1l)ests, the 
percentage of split lesions was 32.6 for LJ/{/U8 fJJ'atcllsis and 9.5 for 
£>8011118 8r:J'iahI8. .About 7 per cent of the Je::;ions caused by P. se'l'i
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aflls and 10 pel' ('ent or those caused by L. pratensis did not show 
('xternally. Poeciloscytu8 b({Ball8~ a species which is seldom taken 
on cotton, caused extemal swellings at every feeding point and pro
d uced the h ighost pOrCl'Iltage of split lesions (58.2) of any of the 
species tl'stt'cl. Of all the individuals that fed more than once only 
two hill'd to prod lice the in:i ury at some feeding point. 

The feeding jllmd\ll"('s of the three species of Homoptera used in 
till' te~ts can be traced through the tissues by a well-defined" sheath" 
which stains a bright red "with safranin. This may be found in sec
tions made imllwdwtcly after the feeding of the insects and is simi
Jar in appl':n'am'e to the sheaths whieh han! been described in aphid 
punctures. As in the case of the aphids, the paths usually end in 
t he vascular tissue. 

No sht'ath material was found about the punctures made by mirids, 
:md the path taken by the proboscis of the species on which observa
tions were made could not be definitely traced. A.t the most, in 
plant material preserved for sectioning soon after the feedings, a few 
ruptured cells have been found. 

'rhe experiments with the 10 species of plant-sucking insects, some 
of which do 1I0t. Iced naturaU:\' on cotton, IH~ye shown that nearly all 
i mlividuals ('ause a reaction in the tissues of cotton stems and leaf 
petioles similar to that produced by the cotton flea hopper, Psall1ls 
seriahl8. This is taken to indicate that hopper damage is clue to 
!lIjPctecl 5ubsbll1l'C's normally present in the insects and toxic to the 
plant. l':IthC'1' than to n transmissible disease. 
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