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CHAPTER I 

INTRODUC.T ION 

The,greenbug, Schi:z:aphis gr,;1minum (Ron.d~), is an~phid wh~ch causes 

great 'damage .to wheat, barley and other small, 0 grafa1s over. large areas of 

Europe, .Pa.rt of Asia, ancl North and S9uth ~erica.· In the 1Un;it:e,d States, 

the greenbug ca.uses dam,;1.ge in the central and southeastern 'St/i,te$ each 

year and is consi¢1.ered as one of t:he most'serious pests. It has.been 

rep9rtei;l that -damages o+ up to. 50 million bushels. of grai:11.have occurred 

in a year. 

There are winged and wingless forµts of the greenbug, All;tqe wing

less forms are female.s and they give birt:h to ,living young. Gree,1:1-bugs 

reproduce continuously thJ;"oughqut, the year in the .. southern .. states. 

Farther north, on the approach pf cold weather; winged males and fe:1nales 

are producecl, and after mating these.females lay eggs. The eggs pass· 

the winter on the leaves of .plaq.t,s on wh:i;ch they were laiq. and hatch in- . 

to wingless females early in the sprin,g. Greenb"ugs·are pale green when 

newly.hatched, and·develop a dark·green stripe on :theil;' backs whel;l.·fully 

grown. The, females start to give birth tq living young h·o:1n 6 to 30 

days after·hatching, ancl cpntin-q.e to reproduce for 20 to 30 days; each 

producing 50 1;:o 60 progeny. In Okla.homa 1;1.nd Texas greeµbugs · may have 

mote than 20 generatioJ.?,S a year;. 

l'he use of conventio11al.inse,ctic:1:,des,hq.S been tg.e primary meansf9r 

cont:rol of the greenbug. Parathi.on and· certain other phosphorus-:-contain-:-
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ing insecticides, have been,Jnost; effective for; this; pu,rpose, _ However, a 

growing \conc~rn exists a,bo1:1t 1the pers,istence 10.f these cQnventio-q.al · syn- -

thetic insectic.ides in soil al\d ·water. Their tenq.ency to bec01;ne inc~l'+.:. 

porate~ ·into biolog:i,cal syst~tns ha.s beei;i 'a ~jo;,; ;drawback ,for, the use o:f 

tQ.ese .synthetic insecticide~ .in -recent yeai;-s •. The careful use \pf ·new 

teristics may IlOt solve these ,.problems associate.d with pest:.ic;l:des, ln.,.., 

sec;s. tnay .. still be a]?l,.e ta ~evelcil) res·iet;a,;iqe · to _th.e ch~ica1a ~ N'ew 

insecti:cides .may still ;be to~ic to, ~n,1and l,.ivestock. and" m:f:.~ht:. kill ; 

othe:i;- harmless and .. ,benef;icial :insiects, . Fu,rthermore, -th~ rapid rate of, 

rep:i;:-o.duction ,.of -- greenbq~s and· the high cost· fo.r . the application_ of, in

secticides have made. this control metho.d less praoti9,a1·. _. 

Anoth_er method fo't'-.-the co:ttt+9l·of ,insec.ts is the 1deve'.l,opm~11:t o{ 

resistant:va;iet:i,es of cropplailts b~ breeding. The-resistant 1varieties 
• • C '•' ! ,. 

~:ve · character:i;.stics wh:i,ch e~ble a ·plaJ1;t t:.o, evade, to,lerate · 01; recover. 

from the atlac~s of ,insects un~e't' .. cond:f.tions tha,t •wou,ld r~suJ,.t in greater'· 

iijjt.1,ry. to -other pla,nt:.s of tli>,e same· speci·es ! This -is :one of, the.most,

ecot1c;>l,Ilical insect:. .contrpl measures b~caµse no .special ef~ort 9r expene_e · 

is necessary on t}?,e -part 'of ! the grower. Only · limited progress has -_- beet1 ,

made. in· this -are:a for the._ c<;>nt;rol of gree-p,b~gs -in ,c:rop. plants. !he ,ap":" -,. 

pearan~e; of pew· biotypes of, g;reenbugs whic,h the resistanl ':vat;ieti,es 

fi{eveloped ,earJ,.:I,er clo i:i,ot-.J1ave resietance ha~ also slowed advances in 

thi~ field.; +he search for a,biocb,emical factp:i; respc;,ns;ble for g-ree-p,~ 

bug. resistat1qe _ it1 ,_crop -plai:i,t;~_ -is , necese,a1;:y in -P:C:~er ,.te ·ma~e' aclvance,s in, _ 

this : area. More_ definite ~pproaches for sel,.ec tion of -resi,stant · va1:ieti.es -

c~n be,made.opce,these fac~,;>.rs,a::i:-e elucidated.' 

Theobj~ot,ives of tbe;p:resent st~dy.a::i;:e·t'li7<;> •fold:: first, to c~arac.-· 



3 

te-rize . the biochemici:i-1 differences between _ the resistant .. at;i.d · susceptible .· ' . ., . . ' . ' 

varieti;es, ai;id · to, ~et~_rmine ,if_ these liiff,ere11.ces, are responsible ·fo;r the . 

resistat;i.ce t<;>, the greei;ibug; .,and secoi;ic;l, t9 determ,ine ;he. differen,~e--in _ 

effects of greenbugs on.resietant and;susceptible- varie~ies sinc~.the; 

physiological, response of th~ plant fo,lloli!'ing inse~t•attaak has a.bear

ing on, varietal·resistaD:ce. 



. <:HAP,TER .·· I I 

REV,IEW 0F ·. LI'IERA~TJRE 1 

Early Inves;:tgations 011 ,,the Mechanism :of' InE1ect .:.ResiE1tan1?,,e · 

Th~ inte,rnal conc;litiqil of. the pla.n~ :<has l9t1g been ;-e,cognized, as a, 

factor saffec~ing th~ plant ... il:lsec:.,t·relationship. ~~och~ical constituents• 

. of ,the plant ,lllay re0rdel:', the :Plant; unattractive or re.pellent ;or unsuit:ed 

to ; the food reqµirements 9.£ the : insects. r As ea:i::,ly · as 1916; Comes · (1) 

sµgge,sted that· aci,dity m;l,.ght. b~ the, pl;.ant; 's defenE1e, against its. ;e~em:tes •. 

The receptivity to,ins<;3c;s iij a givei;i.orgat1, ino1.;easecl with the quan,tity 

o.f +e~uci;n,g sugars., at14 resistance in~reased ,.with ,orgall.ic acids! The· 

leve.1 of. ~rgc;1,nic ,acids deer.eased· i'Q., the vegeta;tfve t:tssµes. as the quan.,.. · 

tity of, reducing sµgar, increas~4· The redt1cing sug_ars :·in ·th~ plan,t i 

ti~sue were thciµght tq, b,e t~.e ·major food s1;n1.ght, by insects. B:r:uce. (2), .· 

i11 11920, cop,sidered tha~ ·. the odor. an,d · taste .of · the platlt 'might. be attrac-. 

ta.nts. to insects. 0lig()phagous insects· feedi11g on. various· speci·es. ()f 

Crµciferae, Ul,llbelli,i:erae and <;:oll1posit.ae were found, .to be, asspciated with · 

tbe.se factors, :&ruce also suggested tl),at there.was some /ilttril?ute.pf· 

plants. perhaps· a~ o<tor, which the insect could,. recogn:l,.ze in, .. a general,. ,.wa.y 

and, no1r as a, speci,fic ;chariict~+iat;:;lc of .s~nne .singl_e pla.l;lt · a~~cies or. 

gem;a ~ The 'botan:;lcal instinct' of in,sect:s .. was, tbotight 1ro. be just an 

~x;tl;'eme powe+ of re.cognition of, this , s()rt, Davidsoq (3) suggested that 

the ,varyin,g cot1stituUon at:1<:l c~:u;1centration of cell sap. in .differe111; 

pll;l.nts was: an iJ,11~ort~11t: fa.ct<;>r for .the b~ology and -physiology of aphids. 

4 
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The mqre favorable,developme:i;i.t and·reproduct:iqn 'of aphids·on cet.tain· 

plant:s was probably .associa.t~d. wi.th the. natu,~e of cell sap.. Lees (4) 

cited 14 cases. ill: ·wh~ch t~.e int1arn1:1l con,diti~n of ;he :Pll:lnt,s ·was corre

lated, with , the suscep:tibility; to insect;. attack,. and· he suggested that ' 

th'\!, susceptib;i.lity of sollle pl~s to .. aphid attack· .llligbt be du.e to the 

high nitrogen,·coritent: in tnese ptums~ The-higber supply:of ni;tc;,genous· 

food· was c6n,~idered likely, to giye a. high~r ·reproduction power tq ~he, 

insect~ Chemicals.in wo9ds was cc;>n,si<;l.ere~Lby·Fulla:wa:y (5) as a,factor, 

for the; resistance· of. certain, woods to· te:p:nites. The ha.rd· woods .. were,_ 

foun4 to be atta.cke<;l by te;rmites as freely as the. s1;1f t:. wooc:ls, · and, exam

inations indicated that· it iwas chemic;.al ra,ther than physical, factors, 

which made·. some woods resistant. And,r~ws . (6) reported that•· _the high 

ra:tio ,of ·potash to phosphoric acid in the leaves of some tea plants. 

might .. be respon~ibl;.e for thei~ resistance to the attack of .the tea mos ... 

quito~. Resista11ce might be due.to the dislike of ta1:1te·o:{ these te~ 

lea.yes by the , in:sec.ts s~nce ··. the leaves were salllpled by· the insects, but 

feeding was -D:Ot, repe~;eci. OsinQt;ic. conce,;i,tra.tions · of ,.host, plants was 

, suggesteci ·by, C1;1.r.ter · (7) to be rel,.ated to ·the suscept?,ibility to the. at.:. 

ti:+ck by the-. su.gaJ;"-bee.t. ·leafhopper,. This insect avoi~eci e:x:t;relllely high 

S/:lp co~centrati.ons. if more·. su.it;:abl;.e foqd was avai],.abl,e. It was found 

that plants havi,ng a ,higher concentra,tion were aban,doned. for thoee . 

haying a l,.ower concentrat~on by the;ins~cts in a·stna:11.a,I'.ea wg.ere_the 

~wo ,g+o:wtp. '- forms of tbe sai:µ.e · spe.~ie1;1 were pre1:3en1;: ... Carter's ~at1;l also 

indicate~ th,t, sh:oul,.d. ano~her h~st ,plant; ci.ppea~ which ha,s a mor.e' suit.:. 

able cqncenttation,, th~Loriginal, }lost, is the.n abandon~d an.4 · the. new host, 

s1,1pports .. the great.er populiit.ion. 

Wi'l:hyco~be (8) observe.d that ·sq~ceptible eugar ·cat).e ·was mpre att;r;ac-. 



tive .to the sugar cat'/,e fro,ghoJ?per -and: sugges_t-ed that ::the· wat;:er, content 

of plant 'was involved, in itlsect +esistance. , 

6 

Cane. leaves with subJ:io~l water . content co1:1ta~~e:d ca1:l:>oh:f~+ates. in · 

an4 more· easily .available to the i1;1.sect;: ,thp.n,,othci>se of· no~~ ca.tie l,.eavee. 

Other cqnditionEl such as reduce.I! amount. of. ·ligni+i:ed tissue,' less tannin, 

content a1,1,d, 'reduced acic;lity . might be favo·r.able :,to the.' froghopper; ,how-' 

ever, all,. these fact;ors,had:been reported to_be unreia1?,ed;to'plant re

s:f,.~tanee to this insect (8). Mq.mf,;,rd (9) suggested that amount of re

ducing sugar was rel,ated to.the resistance of sugar-cane to froghopper. 

The-,exces.s sugar was stqi;;ec;l in·the l,.eaf of t;he sugar-cane .. in the forni of 

starch, ~uring th_e day, ·and the ist;:a+q.h was cdnyerted ·1nto ·reducing ·sugar 
- . . : ' 

at: nigh.t: .- It was. at 1tiight, :when, these red,ucin,g sugarS' were mqst abund

ant, that: t;:he froghoppei;; ,fed, ·· Di~tu;banc~ in tl\e metabolisi;n ;of· the 

plfl.nt; causec;i by conditiom~ sue~. as dt:'.~ught;· +~sulted in an increase· of 

.red,ucing sugar·as degrad,atton pr9ducts; ,it ,was-suggested that·th~s might

be the.reasqn why-diseased or da'!llB.ge~ can.es. were said to be more attr:ao ... , 

tive to the :fr9ghopper. , The:.su,sce,ptibility of the cqtton J?lant 'to, the 

att:ac~ of E!ap-+eec;ling insect pests such, as ,various species of ,.thrips was

reporte4 by ~t,imf orc;l · (l()) to I be · re1.~ted to t~e ·wa t.er · b~).ance 'of the 

plant. +t was observe4 that· pla-qts ._ s~ffe+:i,.ng fi;:-om water \shortage were .. 
' ' 

definitel,y more· att.+active ,t<;> the att~cldt;1g thrips. 

~umford.(11), late:i;:-·in,1930, studiec;l,tb,e cuily.top ~:1-seas~'of sugar 

be~ts. This ~:i.sease · is ,tra1;1smit~~d by the; beet Jea+Q.c;>pper •· It: was, fotincj 

t:hat: sug.ar, beet, , st]\"ai:-p.s whiG:.h were more suijceptib\e, t:o· the, ,curly, tqp 

disease were, ~lsc:> tnore suscepti,ble, to the ~ttack · of' beet +eafhopper ! , 

Physical ~~hei:µical meE1,stirements of .· the sap showed that i _the :re:f ra~ ti ve 
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index ,wa1;1 invariably gr~ater ·in, the resistant >,stra:i,.n~ · +he . free-zing 

po~n,t depression of sap was grea;ter >in ·the_.yeung le~v,es. and· ro~ts. of ·the 

suscept;tble. strait1 · thaJ1 in1 those of t:.be resistant· strain, · The- :resutts -

st1ggested th~t the.sap f:tom the reeist~nt beet was lower-ii;i t(;)ti:tl soJ,.icl$ 

and.· non.,..electrolytes ~ and mo.r.e .. concentra:teci in.,·. electrolytes ·than, the. s.ap. 

froi;n the i;usceptib*e beet: The observed diffe-rences. in pH were s.mall~ 

but· there was a gene_ral tendency. towar~s · greater· ac~dity. in tb,e leave$. 

of the -resistant:. 'as. compare!;), .with ,the susceptible ·stx;a:Ln.. +his obs~rva"'.' 

t:.ion was,in hanno11,ywith; Caines' suggest:.ion. (1) that,aoiditywas the 

plant's ,defense agai11(ilt ·its insect enemies. ~ .. comparison o:t the nitto"".' 

ge11 .. cont,_nt o{ the .• sap in the., st1seeptible an4 · re1;1istant · s~rain of l;,9th · 

healt}:ly and diseased plants showe~ tha; the. amount ·of ,nit:i:;-ogen; ,,,in ·the 

sap. of plants_ of · the suscept:i,.ble ,-stl!'a:i,.1:1 ·was. greater,. bot:.~. in the •young 

leaves an~i;in the roots, than in t:.he ;corre,spondip.g port;i.ons, of he.altn,y 

and diseased plants of t_he, resistant strain •. In .both· st:i;ai:.ns the nitre .... 
' :·. . ' ... · ' ' ' . . ' . . . 

gen content .was increas,ed markeclly. by. the disease. Coneent:tations of 

reducing sugarsi sucro.se, and alcdh<;>l""'solubJ,.e sel,.ids ,in 'the leaves of 

heaJ,.thy, susceptible plant:.s1 were, foµnd tq .be higher ,.tl:lan. t't\ose in tl}e 

re1:1istant strains. The starch.content was·lower in the;suscepti~J,.e 

plant r Insect in,festat~on1;1 aq.d the resultin~ ct1r_ly tQp disease had ;di£- , 

fetent 'effect:.s. on t°Q.e ,ch~'.!llic~l con~e11;s -o:f ,.the Sl;lSceptible and resistant' 

strai:111;1 ! In the su1:1cept:1:ble strc1±:p., the: disease· increased ,.the. quantity 

9£ suga;s · in the: leaves and reclucecl. the q1,1an~ity in t:.he ,roots, ..... th,e. loss 

in. cpn,e caee · possibly accounting ,fcpr- the ,gai~' in. _tlle 1:>th:eJ;"; whereas in, the, 

resistant' strai11, the disease· dec+e;:i.s~d the ·quantity of ·. s1:,1gai;- in be>th · 

],.eaves 1;1.nd. rootE;l.~ ' Su~h an ,.acc-qtµulat;:.ion .of · st1gars :.in, the exposecl ,pat'tff! 

. of the sµsceptible pla:nt 'would r~nder the·• plant a 'mo!e · fayoral;>le host to 



the le~fhopper ., S,usceptible, stta~n,s aJ,.~,o c«;>ntained -alc0hol,-sol1lble · 

soliqei in greater conce;ntrat::i,.on t:h~n th,e·resist~nt Eltrain in the leaves. 

and· roc;,ts. of healthy a:ri.d ,dise,sed_ \plants. T.he leaf}iopper ,was said· tq be· 

at:traq.ted to ,these alcohol--~oluble ,,solids; ~:n.q 'iq. .:the J,.e~~s of the· 

su~ceptible strain; tb.ese ,.splids ··increased ·wi;h a severe 'at~ack .of -the 

disease~· 

Chemical, StiI\lular;i.ts or Repellent,s·in Food 
' 

Plants ·ae a ·*echa.nism of Resistance· 

The res:pon,s_e of _i11sects to chemical, att;actants 1;1.nd-·repell,ents. in· 

plants has be_et1 ,-c~nsidere.cl ·to constitutre the ch:l,ef meqha;nism of pre~er- ,_ 

ences as partr of insect resist~ce~ . Organs suitable·, for the reception 

of odo:i;:-s are ~nown-to-occur onvarious·parts of fhe;insec~s' ,bodies but 

are mc;,st:. ,co~on· on,. the antenn11e a11d; to lesser exten,t;., ·on,. the maxillary. 

at1d lapial palp_i, 0:rgat1s of taste>.are lo.cated about tl,.,e inO'Qtl\, .especial~ 

ly on the , pal pi, bµt also on the tarsi of tb.e 1 front legs and, .. less: often 

on tQe at1tent1ae (12), 

Fraenke.1 (13) prop1:>f!Jed t°Q,at the main· fu;ncti<;>n of, seconclary pla-q.t' 

sul;>stances, such as glu,cc;>sides, sap.;,:nins.• ta,nnins, · alk:a;:lioids; essent:ial 

oils and organic ,acide. was. tp a-i;:t:,ract or re,peJ,. _insects •. The roJe · of 

the~1e substance i11 the :metab9lism; ·. of , pJ,.ants · had never ·beei;i ·satisf acto:i;-i1y , 

explained; bu,t in v~ew of theif infrequent .,eccµrre;nc.e ,and. of d:f_ff ei::ences 
,·/ 

in.their chemical ccinstitittio1,1~ it was almost incqn,c~tvabl~ that,t;h~y 

pl,.ay a funct:ion in the ;basi~ l!let:apoJ,.i,sm of plants. The bas.ic "food re..-. .. ·, - . . ,. 

quirem,ent:s .. :l:o; all it1,sects we:i::e c9~id~reci very,- sim;fJ,ar ! :' These inc:L.1Jde,, 

am_it10 acids, c<;1rb9hydrates, vitam_ins and m_inerals~ M;ost living cells 

inclu,,ding t:h9se. of _plan,t t:iss4ee, conta:in · tb,ese .· s4bstance_s. Therefore, 
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fraenkel assUllleq., th,a.t ;-~11 · plants. could prov:ide .suf ficiet1t fo9d · fo.r ·:i,.1;1.~ 

sects, an.d · the insects, cquld, develop equ~JJ.y welt· o~ any. leaves if .. they; 

eat a. sl,lf:Ucient ,qµantity. The,_ differen,ces. in ch'miiical co~pos-it.iog. :with , 

respect' -lQ- the .·. P+il;IU:!:rY sul)s t~t1ce. c~tild,. n,ot '. be con.side:red ·. responsil;,le · for , 

the choice of food plan,i on,the part of tlie,insec;:.~: It was,suggested 

that the, food spec\ficity .of. insects. wae. based .selet.y on-,the presence· ot 

al;,se1we ·of, the seconc;ia,ry, s\1bstances i-p. ,pl,.ant;s ·which· se~ed as· repell)ents 

or attra<rtant:s . te .,insect:s. The :re_sistance, ~r s'1scepti1;,ilft)T witll.in. plaint , 

families such, as Crucife:rae,. Umb~l,.liferae, Solanaceae·,.. Leguminqsae~ 

Moraceae an4. Gratni11eae to in.sec ts was att-r;ibuted tq ;he , p:resence, or ab""" 

sen,ce 0~ , these secoi;tdai;-y · su.1?stances ii;i the, plant~ 
. . . ' 

~nnedy OA) later proposed a .. ."<;lui,q. discriwiMtietlY· theory of ,aphid 

host selectiet1;. H.e postulat:ed that in ad~;i.tien t;o specific stimµl,.ator.y 

substances .. (seca.IldaJ:"y pl~i;tt substat1ces of no nutritiye val.ue but:· goyern~ 

ing bota1;1ical prefereiices), pri~ry plant· sul>stances, such. as am,ino ac_ids · 
. . . 

whic1?- are of 'fµI1,da-gien,tal '.lllet1;1.l>olic • {m,1,trit:ien.9:l) im,portance. to both· 

plant:al:ld·in.sects a]..e~ played,a ~jo:r-.part·it1-aphid host rel,.~tions. 

Th~se ... pri'.1118.ry pla.nt i su.bstance,s · might s~:i:-ve , as feeding sti1µ1Jla1;1ts ·for the 

aphid. Carbohydrates,, free amiIJ.9 acicls a.IJ.d 0th.er dietary· campo~~JJ,ts, 

were _f9u1;1.d to s~;ve as feedillg stimulan_t:s for the milk~ee~ bug ,{15). 

Maintenance of feeding was primari'.J.y dep.ertdent on the-, sensory input ._from _ 

che~qreceptor,s situate.d,in,tbe stylets. Su~ars and,ami1;1.9 a,cids iJ:t,the 

milkweek seed -co~t pl~:y:~d a role in, .determiJ:tation of feedill~. 

The reststance. of Solanu,m polyade11.\llll to the attack .of pota,to · flea 

beetle:,.wa.~ shown by Sleesman, (16) to be, due to th~ <i,isag:qaeable odor of 

a.1;1 oil or ester on, -i;:he ; uppei:: and lower leaf surface ,aJJ,d a+s.o ~m the °' r;r~elll : 

parts~ The· odor is very st.ron,g c;m· t:he yo1,Jnger leaves but: -muGh ··J,.ess pro-



nounced c;>ri t\te lol-?er, ~tu;e le9,:ves. This .c;,dor ~y,.be th~ res.triqt,ing. 

fact'\)+ fo; the slight a.ntount: .. of ·feedillg ori.> t\te yo1,1n,g~r fol,.iage. of th4s · 

specie~~ When ·aclµlt beetles were coQ.fined ill ,.,labo~ato:r;y cages,. they fed 

~re readily _upon ,younger leaves. washed w:i,th soap an4, water to remove· . 

tq.e oil than ori the mat.ure. ,leaves which nc,,.rmally are' the ntot"e attractive, 
• : L • • • •• •, • •• ' • 

Geraniol:aJ1d·eugeJ1ol were foµnd to,be the,pri:\1\B:ry.attractants.for 

t\te Japanese beetle ... (17). Other :compoun,ds · found also to 'be. att:i-actiye 

to ( the .,Japan~se beetle.' were: alcohols' such a~ cit1;.c;:mellollff.tanc:l, phenyl y 

ethyl alcohc;,l.; fa;ty,ac:i,ds, suchai;; cap1;oi:c,acid, propion:1,c acid,·and \' 

va]..eric,acid; esse11tial;.. 'Oils; such as pinien,to.oil, _citrqnella, b1;1,y oil, 

corian,qer, cloves, sELssafras, rose geranium,, · 1emon grass, and· liµaloe; ·. 

esters and.aldehyde~, 'su<!h as·methyl·salicyate ancl,'benzalq,ehyde. All,.

These were o~ plaµ,t 'origin. ·· Mixt_urei;; of these attt"E!,ctants were on the; 

wh<:q.e~ more att:i;:-act;ive .than c1ny s·:.f.Jlgle COID,ponen;: Plantf1!: inunune. to. the 

at;:t:ac~ of J1;1.panese beetla have a ch1;1;t"acterist:i·c -, repel,.lent c;,dor whic;.h 

keeps t;:h,e beetle . away. (18) • 

ieafhoppers were .found to be attr,acted ··to :cranb~rries (19) ~ , The 

susceptibili1;:,y of cranbliH:ry .varieties ca:n, be cla.ssified ;accordi~g to 

tfy.eir .attracti,veness to this .. insec.t ~ Sugar~caq.~ varieties susceptible 

t.o froghc:,ppers were alsp mo:i;:e attractive ,tp this insect d1s1~ to the 

oqcurrenc~ of ~u;i attractive odor (20). '. .. An,alysis ,of th~ plant: 'eJtt;.ract. 

reve~le~ two ,attracta~ts ~ .. b9th. of which· occurred in varying qt1ant:ities 

ill. the plant;. One, ()f the att:1:;,a,ct1;1,nts,was sucrose 'whi.le the otq.er was· 
: . ' . . ... . . . l. ;· . ' 

responsible for the at:traqt:ive "grassy'' odor of t:lle plant~ , 

European .. corn,, borer was, attracte<;l t:o t~e ·hpst: 1 corn,· plant· by so:\lle 

odo:i;-ous, const;itu~nt el~borated within t1'e pla,:n,t (il), Steam distillatio~ 

of 1;:he cot;'n plant provided a ,s1,1bst:anc1r, to which ,the adult ,~nsect ·sh9wed-
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a marked attrac;.tion when tested in an olfactomet.er. Research,, indicated 

that this att:rcB,ctat1t niay be -..an essential oil· of the c9rn plant proci,uced 

in the smal.l epidermal ce,lls found in greatest numbers over the vascular 

bundles of the corn leaves, Silkworms were foull,d to.beattracted by the. 

extracts of their host plant (22). The, plant;. extracts. contained thr.ee 

st:imul,ants. The first ·stimul.ant was identified as<S;Y-he~enol which 

att:racted the larvae onto the plant leaves •. The sec;.ond st:i,.mulant;found 

in the,methanoLsolublefraction of the.extract inducecl.the bitin,g re

sponseof the la:r;vae at1d was composed of (3-,sitosteroLand isoquercit:i;:-in. 

The third factor st:imul,ated the,corit:J.nuous·swallowing of the larvae at),d. 

was present ,ill the, wate:i;:· soluble, fraction but was inso],.uble in metha:p.ol, 

This stimulant was found to consist of cel,.lul,ose, sucrose, inositol, in

organic.phosphate and silica (23). 

The f9od plant selection of the diamond7back. mot~ was,determined by 

the presence of a feeding stimulant; nmstard oi:j. glucoside} and feeding 

inhibitors in the plant. The free mustard. oil was alsp a very important .. 

factor for the host selection of this insect. The· odor of this esset1.,. 

tial oil may inhibit the dispersive tendencies. of t:he larvae and prevent· 

them froi:n wanderi1:1g away frc;>m the :f;oqd plant (24). Isothiocyanate was 

found to be the most significant,oviposition stimulant for the diamond

back moth (25). More eggs were deposited on plants.that,contained 

isothiot;:yanate~ Depletion of isothiocyanate content by sulfur-:cleficient' 

plant· m,1trition reduced at:trac;tivenes!;! of host plants as egg substrates 9 

FoLsom (26), using a che111otr9pometer, tested the attractiveness of 

cotton to boll weevil. The·bollweevil reacted differentl,.y to d:i,.fferent 

vcirieties c;:>f c9tton. It was found that.Sea Islan.cl, cotton was more·sus

ceptible to boll.weevil attack than.Ai:nerican.upland cotton, and Egyptian 
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cotton sti.11 greater.. Analysis· of the, steam distillate from cottoll 

plan.ts showecl that ammoµia and trimethya.Ijline,were the principaLvolatile 

cons.tituents ! These two chemical; sub1;,lances proved to be strong attrs.c

tants · of .the boll weevil. Water extracts. of all cotton'l"planti'parts were 

found to contain a chemical substance which caused the ceasation of 

locomotion together with a feeding stimulation for the boll weevil (27). 

This chemical substance was definecl as an arrestant and feeding stimulant' 

since .no apparent attraction w1;1.s eyiclent: unless the insect. came in con-· 

tact with the. extract., The reproductive tissue of .. the cotton plant con-

tains th,e highest concentration ·of this .arrestant 'anq. feeding stimulant, 

This compound wa1;, also. found to ,be present in high concentration in the 

exterior layers of the plant tissue. The ,weevil mus.t actually come into 

cop.ta.ct with, this'.chemical Stibstance, before the arresting and feeding 

response is in,itia,ted, This substance is specific to cot:ton .because 

boll weevils were not arres.ted or stimulate<;! to feed on water extracts. 

from other plant~~ A repellant was fqund.in the volatile fraction of 

cotton extracts, after the arre,stant ·a:o.d feeding stimulant had .been. 

evaporated (28). This substance was an.o.ily material and fairly he~t · 

stable, retaining consideraple a<;.tivity after being he.ated · at lio0 c for 

ten minutes, Repell;encyappeared to be associated with the highly 

piquant· ocior of this material since physical c~mtact of the material 

was not.nece~sary. 

A mui;ta:i;:d oil gltlcoside, s::i.nigrin, was· fo,und to be, a specific 

stimulant for host selection of, the cal:>ba,ge aphid (29), ,. Difference.s. ill 

wa~ines,s of >Plants also occurrecl bet:ween, species in the. gei;ius · Brassica 

and. might be, correlated with relative sus.ceptibility ,to cabbage aphicls. 

Qualitative and quap.titative differences in cytdpl.asmic wax contents 
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might·a.lso be.ef some impqrtance. Suscepti,ble;"pla.11t;s conta'.illed either 

15 .,. .nortac9sanorie or 15-nonacosa11ol, the ketone :and a:lcoho:l,; ;froi;n .n ... ti.ona.;; 

cosan. Resis,tant ··plBjnts .did noJ·c9nta.in these compounds (29). 

Plant phospholipids were: foun<i ·to be f ¢eding st~rtltil;an~s fq;- grass ... 

hoppers (~O) ~· '. These plai:i.; 'phoEJpholipicls w~re ·bolated f1;"9ni wl;l~11t gem 

oil by chromatographic techt;i.i,queE1. The leci,thins an<i phosphatidyl 

inoE1itol were sh0Wt1•t9.evdk~.stri.I.ting feeding ,activity ,from older nymphs 

and·ad1,1lts fo two spe9,ies of·grasshoppers. This feedip.g ac~ivity wa~ 

i;nuch, mo:r~. pri:>tiounced iz:i. the :~e .. nymphs· than ·it;i. .. the··fel,llale n;y1!1phs·. ·, 

The resistance. of· cacao to • th:r.ips was report.ed to .. be a preference, ' ) . '., ,·. . ' ' 

phenomenon,, (31). Food preference tests with, lea:f ,. discs, in the la.l;>oratoty 

indica.teci ·that· th:rips ,la:rva.e showed •.a significant ;preference ·for feeding , 

on ·lea,ves .. of, the s,tandarcl control ,.type. rather than on those· of . the re.

sistant; type.•· Obliga~'?ry .foo4. tests in the la't>oratory. with. individual · 

leaves showed, incomparifilon with tli,e standard types, thrips larvae.and 

a<iults. found the resis.tant · type .unpalatable· and. few larvae. were able to 
. . 

complete their .development. 
' '. ' I : ' ~. • • ; C •• 

In a study . .of 'the wireworm.' s response to chel!liCal, stimulation, 

Thorpe a0:d Crombie (32) fou11d that aq~eous pla,nt:extracts o~ .potato tub.,. 

ers, c21,rrots ~ sugar-beet ,tap roots, and wheat st:L1;11:uJ,.ate~ ·the biti:ng of 

this insect~ . The aq1:1eous·e~t;ract;s contained glucose, fructose and·su.,

c.rose. Other ,cb,em:l.cal, substances ·causing biti11g we.re fats· an<;i fatty, 

acids ,such .. as · tri9le:,.11., oleic acid, U.nolic .acid. and +inoJ,.enk , .. acid. 

The,,orientation r~spo,;i.se of. the. wirewori;n was found, to 'be ,elicited .by, 

gluc:.ose, sucrbse, asparagine, glutamine and pept9ne, •. 

A sH:mu+ap,t was isolat~d ·frolll pot~to:andrelated pla:nts,of the 

fami,ly Solanaceae. l;>y YamamotQ. and.Frae:q.lcel·(33). Pretimiq.ary.chliracteri-
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za.tion inclicatecl the material; to b~ a .glyco:sidic .substance, but_ its com.,- . 

plete chemical identity was.not elucidated.· In the presence of this 

sul;,stance the potato hornwqrm at~acl,ced"filter paper; lettuce leaves or 

artificial ;agar. diets but ,only when certain nutrients,,. particularly 

sugars; were also presell,t; The material was also activ~ as a feecling 

.stimulant 'for the Colorado. potat,o beetle which. feeds on -.plant,s of the 

same falilily.~ 

Silica deposition$ :ln wheat plant, tiss4e may be one·of ,the factors 

relatec;l to resistance of certain•varieti,es to Hessian,fly at;tack (34)~ 

The resistant varieties appeared to have a much more complet.e and even 

distribution of silica, deposits in their surb.ce tpan th,ose. of the sus-:-. 

ceptible varieties. Studies on. the asia tic rice borer al.so reveal.ed 

that silica cont.ent was related to the resistance, of rice varieties .to · 

this insect .(35). High silica content'in the plan:t seemed to int:erfel'.'e 

with feeding and boring of tije larvae, and· could '.caus.e. defacing of tl;teir 

ma11dibles. The silica deposits in varipus ·. parts o{ 1;,arley plants. we+e 

determined by Lanning (36) in .an a.tt,empt to find th,e fa,ctdrs responsi'ble. 

for greenbug resistance,. The results ,showed no dire~t 'relationship 

between total, sil.ica , contet1;t in barley a:i;id · resista,nc-e .• Refai et ali (37) 
,._ --· 

founcl a direct .relationship between the hemicellulose conten,t 'in;the 

wheat .plant stelll and the degree of re,sistance, to atta.cl,c by the Hessian 

fly. In resistant varieties the, tissues were tough.enough, clue to the 

presence of a'large amount of hemicellul,ose, to prevent'normal feecling 

o:!: the larvae. Resista,nce to the:insect 'might be associated with in ... 

ability of the insect t'i> obt;:ain juices·fro1I1 the plantJ 
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Some, spel:!if ic chem;,J.cal;s · p:resent .. in r~sistan,t .· .pJ,.ants ·may. ~ci~. ,as ·· 

metab<:>lic inhibitors ~nd_ ci,tuse. del,.et:erious. effec1rs · o~ tlie, insec;:,~s ·· f~ed- ~ 

ing on them. This has. beex,. suggested ·as rthe b~.~ill:! for ;high ;inse1r~ 'mo; ... 

tality _and other p~lated l'hen~men.~., . Beck; et .!!.• (38.)' studied 'the re~, 

sista.t1ce(of corn ·pJ,.~n,ts to ·Eui;-op~a,ri corn bot'er :and concl~ded,:that,,the 
f. 

resistance. wa:s,due·to, ~he p:i;es~nd~.pf ·sometoxic substa,11ces in the re7 
.·,·.-
'; ~ 

sistant ·P+ant;. Ad,ditio.n of ,both t~e juice ·and et•her · soluble pottion !of · 
' 

the aqueous . extt'act · ft'9m resis.tiuit ,to·· suscept,ible, cdt'Q. plant; requce4. 

lat'val survival to: approxim,c;1tely hal.,,f'of .that>found, ori plants.treated; 
: • , , .• l ·. ·. 1, • • ' _! ' • ' ' ., , .. ·, I ' ·, • 

with distille4 wate,r. Addi~i.on of. ju:ice ot' ,extria.et fr.om s~scep~ib:{.e · 

pl~nts . to ·resistant pl~nts, ha~ ,no :ef f.~c1;:, on lai;;val surviva);. (39).. An 

e;he~~sol,.uble 1:1ubstanqe tet~ed, Resi~_tan1= Factor A (RF.A) was, iso],.a.te~. 

frol,11 corn .planes. -.and idenu:.ei~µ a1;1 · 6-methoxy-2(3)-ben:i:.e;,xaz9liI1:orie. 

(6M~A). · Th~s subJ;;ta,nce w~s fo1,1t1d tq have inhibit:.o·:ry effect on the· 

gt'qwth, of ·the cor~ l;>or~r la:i:::vae~ Cot'n, leaves cqntained the h;!._ghest ·· 

level o:l; the: fac tqr and the, mlit.u,1;:,e · po;tic;:m Qf t:h,e ,ste1;11 · cc;>11ta;i.ned ve;y· 

low levels._ Incql;'poratic;m of rthis :subs~atic~ int,:a syi;tt,:het:f:;c diets .in'!'" 

hibited lldmp:1;,etely the grqwth., of ·lar;vae. Artother -g:p,>W~h i11hib~t:or 1wa,1:1. 

found in the e~he+"'.'ins(?lubl,~ fraotio11 of 1.the aqueo1r1~ 'e:ict.ract. This· 

chem;i.cal substance wa1;1 termed :Resi$tan~ Fat!tor B, (RFB? and accounteq fG+, 

the ot:her-, half .;of gt'qWth ·.Jtihi'\)itor,y act,ivit;y of :the aq:ueeus.: extra·ct. 

The· prec\lrsor of .RFA, ·2,4-dihyd,ro'Jty ... 7-methoxy-l,4-,,benzo:x;azi11e;..~.,..09e, ',was 

als~ iso~atec;l from the .icorn, ,p;J..ants. T,he inhih.itpry acti;vit,:y of tl!,is 

precu~sor ,.w1:1s foµnd. to •be half .. of RFA (40),,. ' Corre+atto11 was, foun4. 

betwee11 ,..the aJJ;).ount of· RFA pro~uce,d by ,11 iinbred, sttai,ns of i;na.i~e at _the 
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whorl. stage of plt:1.nt .:developi;neJilt a11,!i · th~ field 'rating ,of .r.esistq.nce .. of 

th,e inbr,ed strains to ):he ~a'fV{le- c;:,f tqe Europe~11 ·cort:l 'boi::er •. Higl;ll;y :re~ 

sist;:ant.inb+e~·lines y:!,el~e,d\about 1o·ti1:11esmore RF4\tlian the<high],y 

st1fi!ceptible inbred st,rains. The · cc;mten~ of RFA of,,.inQ:reci s;lc'ai,'lls of· 

~ize ;may serve. as an .. it;tdicator of· th~ ·degree :of' resista,nce. a given 'in':'.' 

bred strain ~Y · exi;,ress in th,e ·field (41). ; 

Resistance of pine:t:i;ee :to 'the need.le.;,eati.P;g.p,ests~ saw.fl,y la~va:e. 

and bt,tttey;-fly cfterpill:,irs, was ,:foti11d. ;ci> be due,.to 'the presence o.f an 

esse1:1ti'1il. oil in tlle oleore1;1tn e~9-reted f:i::o~ p~ne needles- (42) •• This 

es.s.ential oil was t()xic 1;:o the . growth of . th.ese. pes~s, -1it1,d the physio

logically_ healthy , t:ree~ excretec;l 1;11uch, more of tl;tis ol;eo+e.sin: than, the· 

weaken,ed .·~mes., Saponins .were,.considered as ,possible :.facto:i;s for resist-. . . . ' ,.. .. . . ... . 

~nee of bean, t<;> iri.s.ects., (43). A i;nixtu+e of .~saponins ,isolated froi;n.a 

resistant ·variety, .~f bean inhib:f,:tecl ;tl\e cievelopment 1of. beetles wl:iile , 

tl\ose fro~ the , susce,ptible variety showe<:{ . no ef fee~.,. +!\.l~_loid-g],ycos~cies. 

i:n, the. Sola.Aum, species were fqunq , .to 'haye · to,iC. · ef,fec ts. · 011< the Colorado· 

beetle. larvae. It ,was as~n1mec,t .that ,-:these allta,lo:t,:d, ... g],yco.sicies iiiduoed a. 

bloc~ing 1 of· the stei::o.id :metat?c;,li~Ill and affected the resorption of , the 

phytoste:rills tl;l,at were in,dispens,1:>.le :fc:,r 1;:1;>..e it1s,ect;.s. Disturban~e it1 ,. 

feeding an.d fei;-til,.ity WB;s · observed whep. larvae were, feed:i,.ng on, th~, 

Solanum varie~ies, (44). The ,m~j9r alkaloid, co,µstit4ente, s.eq:eted ~y 

NJ9otiana species were identifieq. as ~11,1:1,bas.ine ,and· I1ornic9t'iij.e · (45). 

Resistance. of tl;>.ese pliants, to ith¢ greet1,peach, aphici wa1;3. <;tue ,to 'th~ t;.ox:lo · 

a~fivity of ,th,ese all<,aloids ot1,inse9:t 'grqwth,.(46). ~.upine va:i:-iet·ies re

sistant ~o, pe~ :.aphid al:s9 cot1taiJ;1~ci alk.~loids toxic ,,t~ 'the, aph:lcl, w}J.ile ,. 

the st,isceptib:\-e v~rieties +a~ked t}Je~e substaq.ces, (47). Infi;ltra.Uoq, of 

?,lka;lqids iso],ate'd ,froi;n. resistan1i: varieties into, th,e le~~es o:( stJ.sG.epti,,.. 
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ble · varieties caused a nearly eomplete de11th .of adult. aphids an4 ·· 1a:i;:vae 

feeding on the. infLJ .. trated le11ves. The mort.alit:y for the coritt:'.ol was 

found to. be negligible, 

Lichtensteiµ et. aL (48 ,.49) isolated 2-phen,yeth.rlisothiocy11nate from 

the edible part·of turnips ancl 5-allyl.,..1-methoxy-2~3,-m,ethylenedic;,xy':'" 

benzene .. from parsnips. ·· These chemicals. were found .to have insecticidal 

properties and occur· naturally in these plant ti.ssues. Derivatives of 

benzoic acid and salicylic ac,id which .are toxic .to the larvae of rice 

stem borer were found in rice plan,t$ (50). Phaseolunatin and reb.ted 

cyanogenetic glycosides were isolated from leaves of bush and lima beans 

(51). At high concentrations, phaseolunatin actecl as an inhibitor for 

Mex:ican.beanbeetle, and was.suggested as.a possible factor for resist

ance against,this insect, 

Paper.chromatc;:,graphic separation of compounds in the extracts of the 

potato plant showed that the Heterodera .rqstochiensis Wo11 resistant 

varieties·had more total-phenols, 0-dihydrophenols·and flaveno:j.s·than 

those of the susceptible plants (5;2} ~ Deposits of calcium oxalate in .. 

the phloem parenchyma cells of tea plants was credit~d for the basis of 

red spic;ler resistatu:e. (53). Other examples of iµsect xesistance due to 

the presenc.e of .toxic substances in the host:. plants were follnd in the 

resistance of wheat to pale western cutworm (54),··rutabaga to the 

cabbage maggot (55), and asparagus to nematodes (56). 

Nutritional Deficiencies ,as a Factor in Resistance 

The food requirements of insects. for g:rowth and reproduction differ 

greatly among difforent species of insects;. but generally.they include 

protein, carbohydrate, free amino acids, and certain vitamins or vitamin,:-:-
.. ,''. . . . ' ' . . ': ' 
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lilce substances i Dif.fe;ent var.ieti,es of ,a .. single. host species ·may dif.fer 

in qua:iity, -quant:::f.ty or .availabili,t:y of food for. the insect; a>;id. t:.hey do 

not·all serve eq\lally well for food when measµred by the maintenancl[!,of 

the inseq.t popu],at:io~. The,-le>;igth o~ +ife, death·rate, size and :f;ecun.,.,. 

dity of insects are affected by nutritional factors.· The life of the 

insect is µsually shortened and'death·most frequetttly occurs before 

reaching the adult EJtage when.·it~feeds on resistant -plants. The size and 

fecundity of · the insects . reare.d, on, res is tan~ plants are· also stru3.ller arid .. · 

l,.ower than those on,the susc.eptibl,..e one,s. 

In an investigat;io11 .of European cori;i. borer resistance Beck~_a1.· 

(57) report.ad that growth and,. survival of this insect was improv.ed by 

treating co:rn leaves with sucrose soluti9n pri,or to feeding _to ·the, 

+a~ae. . The decrease in larv.al mortality apprcpdmate · para:lleled the. in

crease in percentage of sucrose· us_ed. A. sac.charotropic; · behavior response 

of ... the corn borer -larvae was also found (58) • the· borer tended to con- · . . . \ .· . ~' 

ce,~tra_te · i~s feed:l;.ng_ on· the ·tissue; containing the highest .. level of s1,1gar •. 

~ additi_on,. a nui:nbe.r 9f amino ·actds were· found to have' significant ef- ·.· 

fee ts. on the feeding behavioJ;' of t:h,e laJ;:va.e. Average. feeding durati9n 

was increased by L-alanine, DL-a ... amino-n-butyric. acid, L-serine, and 

L-threonine. A negative effect on feeding was observed withL-tryptophan;· 

L~arginine and-S ... alanine .(59). Concentrations of B-vitamitts·or,inorganic 

s,a.lts had no effect ·on the feeding behavior of the. 1 lar,vae.. Howev~r.,. a 

weak· res.poo,se-- ti;> .increasing level of prot.ein and corn oil was observed, 

th,e larvae tending to., select '·diets h1.~h :J_n either o( these 'S!ubsta.nce$. 

(60). These·findit1.g~:r,sµgge9ted tha.t a.~ounts·ano. kiµd~- of ._food,.ma.tex:ia+: 

ava:i,Jable in the h9S!Fcorn.' plant m~ght be, i'~po:ttant> ii;t re$ista.noe to the 

Europeat1.,coft1.,borer. 
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Di.fferent parts. qf the· 9;ame P,lant · ril.a.y have·· 9:if f.etent · qu~ntit;::f,.es • of· 

food· avail~ble e~ther in tot:al,·amount··.o:r. in 'respE!(?:1;: t:o .certain'kit;ids -~· 

, Plant;-.feeqing insects, frequently· feed :·o.n, meristell\ tis'sues 9f plant :'whicli. 

are;ric;her-in,'certail;lPl:'.O'!iieins than ate,othe;-·pa1:1:;s·of,the plari:t:. Dahms'. 
·' 

· an,d Painter· (61) · fqun,d that reprodll;ction of: pea ,aphic:ls reared .oti flower'"'.. 

ing stems ·oLal;-falfa was greater th>!ln those.· on. t;he vegetative btanches 

of the s~e pla1:1-t, and· tl:_ley aqggested ·• that _nutr:1,.t:i:pnal facto.fs might be 

rel.~ted. t9 resiStc!,nc·e. Kennedy .. (14) stated ·that· Fraenkel 's ,ass\llllption 

(13) that al+ plant 'leave's,can provide unifol:'.lll nutritional.substances· 

for ins~ct growth canµot .l;>e applied ,to the. aphids, .· Aphids dp n«j)_t eat' 

leayes; the ,on.ly, m1tl:'.i,ents .. dire~tly ava:i,.lab+e tQ ,thei:n are· those, :disso,l.ve4 

in the sap or in t.ransit 1fl:'.oi:n one part of the ,plant;. to anqther. · It has 

· been shown t.hat; contents. of the sap .varied greatl,y thJ;'.ougb, the ,cycle of 

growth, ·matqrit:r and. senescence of the foli~ge <;>n the pla.rtt• Gt:'.owth, of · 

aphids was found ,to be. related tq. the ,nutrient!:! in the sap (14) ~ Mal,tais 

and>Aucl.air (62) determine4 the:nitrogen and·sugar content of three sus ... 

ceptible pea varieties and three l:'.esistant varieties at 'varioua stages 

of, growth~ The sq.sceptible var:iet:ies cqnta~ned more, nitrog~n ,.ai;id · less 

sugar _than. the re.sistant ivariet:ieE[I ~ and the ,sugar ... rtitl:'.ogen_, ratio was,, 

23 .4 ·t9 6 3 ~ 4 per cen,t: higher in :~e·s:i,.stant 'va:i::ieties. ,, Aphids 'Teare<! on 

the,sµsceptible v~rieties of pea hai;t,a higher growth-rate than tho$e· 

rea1;ed ,on th~ l:'.esieitant 'vai;ieties., The rate o+ feedirtg _on ·th~ eiusc;ept~~ 

ble varieties waE:1 :found· to be higher a11d· therefore ,contribut:ed t9 the, 

faster·rate of aphid growth~ H9n,.eyp.ew from aphids feeding on eiuscep;i

ble varieties ,usually contained, a slightly higher·co.ncenttation.of free 
. . .. ·' . ' . . ' . •/ . 

amiJ;J.o acids,(63). Usin~ paper chrom1;1.tograph')1,, Auclair et al~,(64) 

analyzed th:,e·amino a~ids,in ju:i,ce e~tt~qts of two .vat:ie;±es of pe~s and· 
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of pea aphids feeding on •these va,rieties. Eleven free amino acids were 

found in the plc:i.nt: juice extracts, and 15 in the pea.aphid e:,ctracts~ 

Amino acids with higb,er molecular.weights such as tryptophan and tyrosine 

were abset1t or presen.t only in traces· in the plants. analyzed, but they 

were found in aphids feeding on these plants. Quantitative dHferertces· 

ii;ithe amino acids were observed in the two varieties-of peas~ The sus

ceptible .variety contained a higher concei;itration of free amino ac:!ds 

than the resis.tant one, with the exception of proline., Proline was. 

present in a highel'.' concentration in the reeiista:nt variety. The qu8:nti'7 

tative differences'in aminq acid content were suggested as factors in 

resistance or susceptibility t() infestation by aphids. Aphids fee.ding 

on resistant,varietieei may not obtain enough of each essential amino 

acid per unit ·of time ,to sustait). optimal growth and rep:rqduqtion.. Tliis · 

wou:I.d ca\lse the total .aphid. population on resistant ·varieties to, be 

µsually smaller than :that on susceptible varieties. (65). In the list of . 

amino acids identified, glutamine, asparagine anci homoseri-o.e were con, 

sistently in higher concen.tration in all suSice.ptible varieties tested. 

Pea leaves treated with the~e thr:ee ami,no acids increased aphid growth 

significantly and to a great:er extent than with most other single amino 

acids. They appeared tq play a key role in influencing the degree of 

susceptibility o:i;: resistance of pea varieties to aphid attack.(66). 

The glucose content: in a tobacco variety suscept~ble to green peach 

aphid was. found .. to be much higher than that in the resista:nt: variety~ 

but the significance of t:his difference to plant'resistance ;was ut1cer'."" 

tain (6 7). Marble, et aL (68) found that the spotted alfalfa ,aphid con-, 

tained L 5 to 5. 5 times tb,e quantity of free aminp actds as alfalfa •. 
' . 

Aphids feeding on.susceptible alfalfa varieti,es accurt14lated 7 t:o 10 
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times more, 13...;a],_anine and ethan,ola.11!,ine than;-_that ,Wi:1-S found in the alfa~fa: 

tissue, while.aphids 'fe~din~ ori·r~sist:arit alfalfa varieties coritairied 

. little or not1e of t\1,ese ,_c():inpoundeh · .. N~l cortcl.µsive · differences in amino 

compounds were. apparent that, d,istinguished resist~nt from s1,1_sceptib],.e, 

plants. The effec.tis. of 0 envitonment, on, a~ino acid cc;>titent were si~nifi-

c~nt ., .·· Resistance of .cc;,rn t9 ·the corn. lea:I; aph~d was. faund ·to be related,. 

to tlle car.oteI).e content: of the co+;n ·plant (~9.). Susce.ptil?le cqr!l varie-:

tie~ con trained greater l;l.lllounts of . .,c,rotene than .-.the resistant: ,variettes, 

One <;>f tqe · fac,tors fot .resista.n~e of ,pla.ttts. to nematode1;1. is a+,so 

1,1utritiona;1 · (S6). Resist:ant plat1ts -we'X'.e not sui.t{!.ble fc;,r the growth of 

nematode~ as they faileg to s~pply so~e nutr;Lent; nec.essa~:y' for sm;v,ival; 

of t~e ·pat.asites ! ., Knapp et al •. · (70) examined the free ·and. bound· amino ·. -~- ., ' . - '. ~ .. ' .. 

acids ,from . silks. · of c<;>tn earworm resistant a.nd · susceplj:ible. varietie.s · of 

corn, pJ,..ant,. , Equal1 n.umbers ··· of free. an~ bounc;l amino acids were fo1,1ng. ii;,. . 

all varieties. test~4; however, a· greate'!'." cdncenti:;aticm of bc;,uru! ~:m.ino 

ac:ids and, a higher peraentage·of reducing sugal::'were found in the,sus-. 

ceptible _variettes~--

Resistance. to the! whea.t ·st~m ·sawfly was attrf\)u.ted to differences· 

in amino acid content ill: wheia.t vari.eties . (71). Resistat;1.ce· ot wheat ·to . 

Hessian fly attack, was fqund · J:9 be, related to,. the ,all1,lliose, con:tellt ip, 

the .pla11ts ·· (72). This comp9und was· present:: in th,e susceptible vaii~ties, 

absen.t in tqe resistant 9nes and; piese,;it to a Jess~r 'exteii:t .in tl}e semt-.' 

resistant varieties. So+bito:li wiis found in the,susceptible varieties 

only~ A lqw level of linol,eic ,acid in th~ host pla~t·was found,t9 be, 

associatea. 'With the ster'ility of ·female· sugar be.et webwc;,t111s, and· thus 
/ •' ' ' '. 

co~tributed to. the r~sis'l;anc~ agail'\St ,this ,ini;ec:t ', (7,~). 



.CHAPTER I II 

METHODS AND MATERIALS 

Plant Materials 

Ba:r::ley varieties, Will and Rogers (Hordeum vulgare L,), which. were 

·resistant'and susceptible respectively to the. attack o:f gteenbugs were 

used for the .. analysis o:f volatiles and for biologic:al assays. Fc;,r the 

determination of hydrogen iqn concentrations, Wil:L, Rogers and isogenic 

lines.of five groups.con.si,sting of resietan~ and susc~ptible varieties 

were used.. These plants were. harvested when they were 14 days old. 

Isogen.ic A ,(resistant) and Isqgenic :B (susceptible) as well as Will. 

and Roge;-s were usec;l for the analysis of au:dns. One.,.half .of the plants 

in each variety.were.infested with greenbugs when, the,plants·reached the, 

age o~ 7 days. Both uninfested and infested,plantsweJ:e harvested when 

tq.ey were 14 days old. 

For the analyses of free amino ac;ids, sugars·and organic acids, and 

the determinl:!.tion.s of water con~ent,\ Will, Rogers, Isogenic \A a:µd 

Isogenic B were used. Some, of the plants in each variety ._were .. ip.f ested 

with greenbugs when they were 7 days old, Plant samples wer.e·collected 

at ages 7 days, 14 days, 21 days.and 28. days. The greenbug:-infested 

pl<;ints as well as the. uninfested contro~s were harvested. 

All plant materials used in this study were· grown in a gre,enhouse. 

22 



... 23 

Gas ... Liqui.d Chro:i:natography 

A ·modified Barber..;.Col~ri Model ,5000 gas cqrc:nna~6graph equipped ·with 

a hydrogen flame detec;or ·was. used for al.1 the ,gas-liquid ~b:t.om.atographic: 

analyses in·this·study, The mo~ificat;ton consiste<i of'art oyen.andi:p.:'"· 

,jectio~ port of t~e s~.e dilllens:f.oris .. as ·use4 on .the gas chr9mat9graph- ,. 

mass. spect,rometer conibinati,9n :inst;ume11t. (74,i75) ·• 

Volatil,e Com,pol,1:~1ds ··in. the Suscep_tib~e ancl 

Resi~tant:v'arieti,es·9f Barley 

Steam.Distillation-of Vqlatile Compounds· 

· Five hundred grams of fresh leaves .'were. cut into' short ,lengths and·· 

put in-i;.o a 3000 ml .. PyreJt round-bottom flask. The distill,ation was 

carried,out at.20mm pres~ure and.at'a temperature J;1otgreatet: than 40qC. 
' . . . .. ' . ' . . ·. ' . ' 

The .vapors pa~sed, lthtQugh a: spiraf glass · cqndense;; ~wo fla·sks i~ersed · 

in an·ice"."'salt bath; find finally into a trap cooled with, dry ice. The 

con4ensates from the :flasks :wer.e ro:,;nbined and, extracted th,ree. time1:1 with. 

diethyl.ether~ The ether wa~ anhydrolls analytical grfide. The ether ex-. 

tracts ·were 'cplll.bin~d, saturated with a:p.hydJ:ous sod,ium sulfate and. aon-;

centrate<i by passing a,sttea;m·of.nitro~en gas onto .~he ex1;ra:cts. Vola .... 

tile component.s in · the ~xt:fa~ ts were tl;ien ready .. t9 'be. analyzed by, the 

gas-liq4id chromatograph and the combina,tiot1. ~as chr9mat<;>graph ... ni:ass • 

spect,rc;,mete:t'. 

Gas.,.Liquid Chr0matogta2hY of the. Volatile Conipon1;t'Q.t.s · 
'' . . •. ·.' .. . .• , . • . ·. ·• , ·.· . . · ..• · .. ·.· .·· f .. ' -..•.. - . 

The column us1ad fo+ gas~liquicl chrotQ.f!tography was pac;.keci .,according 

to the ·techrdqu,e developed by, Horning et al,.. (76). ; Acid-wasqed 60 ... 80 
', ,, ' . ~.-;. ; 
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mesh Chr9moso;rb G purchased,from.Applied Sqieµc;e,Lab(;)tat9ries, Phila""\ 

delphia was us.ed a~ the., s1:1pporting mat:erial -fc;>r, the liquid 'pha,se ~ .-, Carbo~ 

wax ~OM, also purchaseq_fro7:11-Appli'ed Scie1:1ce.Lab'1;>ratoriest was,emp-lQfed 

as the stationa,ry phase, One .-hun~red mtlJil.iters · of .25% sol.ti~ion 1,:>f 

Carbowax ?OM: in chlorofor,;n, .were_ added to 20 g of ,_Chrom,oso;-b 'G • .- Vacutµn 

was applied .and• after 3.0 minute.s; tqe e~cess solution .was remove~, by ., 

filtration. The packing materic;1l-was.spreac1·on a filter paper.to ai;r 

. 0 
dry, then dtied in the ov,en at ~O c. ·• A ,5 ft. x .1/4 in, coiled gl,ass 

colq.ipn designed t() fit ,the ma!:Js spectrometer was ·ca:re:folly washed atii;L. 

silaqized before pa.eking. The coate~ support was packed into.the cq-+umn 

witI,. light tapping and. the aid" of (a water -aspirat.or connectecl. to 'the 

opposite· enc;l of the col~. , 'l'he packed cdhfu1t1 was-then,,conditfot1ed at, 

150°c for .. 72 hq1,1rs~ 

The· samples .were chrC),;natog;raph~d wit.h ari, initi~l c9lumn- .temperature 

of 60°c an<;l an initia.1 isothet;mal .per:iQd of :30 -min., and· thereafter•·· 

programm~c1· at 119C/min. to 1500c. Other pc;1rameters were·: injection pqrt 

0 . . 0 . 
at 150 c,· de.tector at. 200 C and carrier gas at 5_5ml,/mi~, The saniple 

vr;')lume was 4 mic:roliters •. Volatile ,compounds in the ether extracts were 

identified by their ;retention times. For q1,1antita.tiye deter,;ninati;9n of 

the: compounds• pealc area was measured by a .. pla.n:f,mete;r and cmµp4red with· . . ' "\ . . . ' 

the area give1:1. by ,a kno~ amoµnt of ·the resp_ect:i,ve standard~ 

Gas Chromato&raphy.,-Mass _Spectrometry of _,the Vo,lat:i;.1~ Con.ip-~nents, 

A prot9type of ,,the Llq3 900,0 combination. g.as ;chromatograph~ss spec

trometer inst1;::ul,llen~, was -us.ed -.(7 4) • The , 25% Carbowax· ~Ci)M: column used in ' 

th~ gas-,,liquid ch,romat:ographic :an,al;,.yses ·was also uae4 ~ere. The, colµmn. 

telp-p1;n;:ature was,. in.itiall;y at ,60°c,- and. progra~e~f to 150°c ,at 1 ~/min~ 
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after 30 min. of an initial isothermal period, The molecular separator 

was kept'at 200°c; the iol'l source, 31,0°C; and the flash heater, 200°c. 

The ionizing current was maintained at 20 amp •. with the ionizatio"Q. volt.

age at 70 eV and the electro17, multiplier voltage at .1,7 kV. Theaecel.:. 

er,ating voltage was 3.5 kV. 

Mass spectra were obtained as the pe1;1.ks·appeared on the :TIC1 re ... 

corder se~ving as the monitor.for the GLC unit. Backgrqund ~ass spectta · 

derived mainly from the.column liquid phase wer~ always rec.orded·and 

subtracted from the sample .spectra, .· Volatile ,components were idetltified 

by their molecular ions, fragmep.tation patterns and GLC retent;ien times, 

Extraction 

Free Amino Acids, Sugars and Organic,Acids in the 

Susceptible and Resistant Varieties of Barley 

Twenty.grams of fresh leaves were cut into small pieces~ treated 

with liquid'nitrogen and ground to fine powder with a pestle in.a mortar, 

The plant material :was t;:hen extracted with 80% aqueot,ts ethanol at ropm 

temperature for 10 min. The extract was.centrifuged arid the supernatant 

liqµid,.::.ollected~ The residues were re""'.extracted and the fractions. 

bulked, The final volume of 80% ethanol was. 200 ml. The alcohol was 

removed in.vacuo on a.rotary·evaporator, and the aqueous residue was 

filtered. The,filtrate ~as a,clear yellowieh ... green.s<?lution. 

1-:i.;rc = Total Ion Current ·(proportional to total no. of ion 'formed 
and·conseqµently to amount of compound). 



Fractionation and Purification 

Two ion-.exchange·columns were arranged irt series. The·fi:rst icolufun. 

+ was packed with cation-exchange .. resin, Dowex 50Wx8 (H h 50 to 100 mesh,. 

and the second·one with anion-exchange :t:'esin, Dowex lxlO (Cl,..), 200-400 

mesh. The columns were 1. 5 cm in diameter and 25 cm i~ ;length. Aliquots 

of the aqueous plant extract were passed through :the cqJ_umns 'With. the. 

flow rate adjusted to 5 ml per minute. After the extract had passed 

throt1gh, the columns were wa1;1hed with distilled water with the neut.ral 

effluent from. the secohd column being collect·ed along· with the distilled 

water washin~s. This· ne.utral fraction contained the sugars, The colu~ns. 

were than i;eparated artd the a111ino acids were displaced from th~ Dowex 50 

column with 2 N NH40H. l'he organic acids were. eluted from th1= Dowex 1 

column with O.lN HCl. The·three groups .of compounds separated in this 

way were liried oi;i a rotary evaporator at 40°c and made up to 'the stand-

arli volume (5 ml) (7?). 

Thin-layer,Chromatographyof Amino. Acids, Sugars and Organic Acids 

Thin-layer;plates of 0,5 nun in thickness were prepared according to 

Stahl (78). Glass plates of 20 x 20 cm were coated witl:i a suspens·ion of 

specific supporting. material, and solvent using a connnercial apparatus ·. 

(Brinkmann and Co.). The plates were allowed to air dry? and then . 

activated in an oven at 110°c .·.., 120°c · for three hours before use, 

Two dimensional thin-layer chromatography was used to analyze the 

amino acids. Thin-.layer plat1:s were prepared by mi,xing 10 g of MN 300 

Cellul,ose, (Macherey, Nagel anci C0.~ Geri:nany), 4 g of Silic,a Gel G. 

(Brinkmann and Co.) and 80 ml of distilled water, blending for 30 seconds 

in a Waring blencj.er and• sp);:'eaciing the · resu.1 ting uniform suspens,ion < over · 
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the glass plates in the us:ual. manner· (79). The sample was•· applied to. 

the origin with a micropipette, Each· sample appl=i:.cation was dried at a ' 

temperature not.exceeding 40°c. Plates .were.developec;l oricein pheriol.,

water cao:20, w/w) in .the first dimension (6 hr), and"then drieµ over,-

0 night at 40. C to insure adequate removal of phenol. In the.·. second· di-: 

mension the plates were developed twice in butanol .... 96% acetic aoid-: 

water (5:1:4, v/v/v) (4 hrs .in each run). 

Amino acids were detected by spraying with 0,5% ninhydrin in 95% 

ethanol, air drying the plate and then heating it at 105°c fqr 5 min~ 

Sugars were analyzed by thin-layer chromatography on Silica Gel G. 

impregnated with s9d,ium monohyd+ogen phosphate in phosphoric acid. 

Plates were prepared with a suspension of 50 g Silica Gel G and 110 ml 

0.3:M Na2HP04 in 0.11'1 Hlo4 was coated on 20 x20 cm glass plates .. (80). 

Sugar samples and standards (10 - 20 µg) were applied .on the plate with 

mic+opipettes. The plates were developed twice by the ascending tech

nique in a solvent system containing formic acid-methy ethyl·ketone-t..;;. 

'butanol""'water (15:30:40-:15, v/v/v/v). Freshly prepared solution of 0 .• 5 

ml ·anisaldehyde .. in 9 ml of 95% ethanol with addition of 0.5 ml qmcen,.;. 

trate(i sulfuric acid was used to detect the sugars on the plates. This 

detec.ting reagent was very sensitive (0.05µg of sugar) and gave charac

teristic colors for the sugars~ 

Organic acids were separated and"identified by·thin-..layer chromatog

raphy Qn Silica Gel·G p~a,tes~ The solvent .system ·used contained 

n""'.'.butai;i.ohformic acid-water (6: 1: 1, v/v(v). The sprayfo.g reagent for 

the organic'acids contained 0.04% alcoholic solution of 'bromocresol 

green adjµsted to pH 5.5 (81). 
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.Quantitative. Petermination ·of, the. To.tal Soluble Sugars. 

The total sqluble sugars . i:n the. puri;f ied extr.ac.ts; we:t:'e determii;ied · by 

the, procedure described by Nale'w~~~: et ,al .•. (82). An aliquot. 9f the 

extract was ,,diluted tQ .. c:,btain a .sugar conc.entz:atiQ.n of app),'.'oxi~tely 

50µg per.,2 ml of solution.., A 2 ml portion of the diluted extract was 

pipet~ed into a test tube, and :·0,125. ml of ~0% · aqueous phenol (w/w) was 

addec:I,.· Five milliliter,s of,concentra:ted:sulfuric,aoid were.th;en.added 

rapidly with the acid stream bein~ directed·to the l:l.oquicJ: su,rface.in:the 

test t.ube. After approximately .10 . minutes, eE1-<=;h · tube was,- sh~eri and : the. 

rack of tl;lbes were -P:\-aced in .a wate.r ·bat;h at ~28qC f9r 20 miil,utes •; The·: 

result;ing color WEI-S read in a ,spect,rophot:·ometer at a wave. length .:of-

490i;nµ~ 

Gae.,.Liqui-d ChroI11B,togra.phX. o;f ·. th;e Mo:nosaccha,ricles' 
, • • ,·. • • •• , , • ' I 

Monosaccliarides in the sugar fra.ction of the extrai:!.ts were deter"'.' 

min,ed ·, qµantitatively .by. gas-liqui'd chro~tc:,gra:phy ,usi,ng th~ methad , 

desci:.:ibed by Sawardeker.et al. '(83)~ Aldit;ql acetates ot: tlie,mono-

1;3accharicles rwere._prepared accol;'di1;1g to the methad of ·Abdel-:Alcher et .al~. 

(~4). One m11% aqueous solutio~ of sodiUID: borohydride .was adde~!to 1 

ml. of 5% aquec;,us.solution 1of,sugar, and th,e mixture was,held.at room· 

temperature for ,3 hrs. F:xcess borohydride was. neutralized with. acetic ·· 

acid · (glacial}. -and the ,sol,ution evapora;ted -t<,;> dryness, The. dry _.resid\le 

was refJ,.uxed for 4 'hours with a mixtu,re c~nt:a~ning, equal,. 'amount;e, of 

acetic anhydride and pyl,'.'icl,ine (1 ml/100 i;ng o:!= sugar)-.. The solution was 

coqled; · conc;entrated to a, stancj.ar<;1-.voluIJ1e (1 ml) and' injected directly 

i:p. -. the gas chrpm~t9graph fo; analysis. 

A 20 · ft., :x; 1/ 4 ·in. coi+ed g1'11,ss column 'pac;:.~ed -, with 5% ·. ECNSS.-:M 
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(cyanoethyl silicone) c.cia.ted on 100 - 120 mesh Gas ... Chrom Q, both pur.,

chased from Applied Science Laboratories, Stat;e·Gollege, Pa., was em,... 

ployed :for the.analyses. The,sampleswere chromatographed w;i,th a column 

temperature at 195°c, injector temperature at 2~5°c and detector temper

ature at 25.0°C. The· carrier gas was kept at 55 ml/min, The volume. of 

samples injected was 2 microliters. 

Arabinol acetate was chosen as an internal standard, Linear .re

sponse was.obtained.for the ratio of peak area td the amount of ara.binol 

acetate whe11 varying amounta 9f arabinol acetate were chr:omatographed, 

A111ount of ,a monosaccharide in the extract was determined by dtrect com.:. 

pa.rison of peak area of the unknown.with that;of the corresponding 

standard of known amount. The peak area wa.s mea.sure.d by a planinieter, . 

Quant:i,.tative Analysis.of the Free Aniino Acids 

The quan·tity of each free amino acid pre.sent in the ami110 ac.id 

fraction of the .. extracts was determined by automatic .amino acid analysis, 

Because of their high conc.~ntration present in the.extracts, the amounts 

of aspart.ic acid, threonine, serine, asparagine i::md glut:aniine were de.,

termined by a Beckman Model 120 C Amino Acid Analyzer, Norleucine was 

used a.s·an i11ternal stancj.ard~ The.other amino acids were determined by 

a Tech11icon Aniino Ac:(.d Autoanalyzer. 

Extraction 

Free and Bound Auxins in the Susceptible 

and Resistant Varieties of Barley 

The general.procedure for the extraction a.nd·purification of indoles 

outlined by Maxwell.and Painter (85) and Larsen (86) was followed, A. 
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schematic diagram of the procedure is shown in Figure L The."free" 

indoles were isolated from pl,artt materials after 3 hours of extraction 

with 95% ethanol. The residual plant materials were further extra<rted 

with 95% ethanoJ for 45 hours to isolate the. "boun.d" indoles. Both 

groups of, indoles were fur_ther purified according to the scheme : in 

Figure 1. 

Thin""."Layer Chromat9gJta;phy of -the Indoles 

Thin-layer plates were prepared by coating th~ 20 x 20 cm ~lass·· 

plates.with a slurry of 50 g _Silica Gel G and_ 110 ml 0.3M Na2HP04 in 

O.lM Hlo4. The plates wel;'e allowed to stand at room temperature for 

1 hour, and then dried in an oven at 110°c for 3 hours. Samples of 

indole extracts and· standar4s were applied on the plat·e with micrapip-:

ettes. The size of sample us!:ld was 10 to 20µg. The plates were devel

oped by ascend.ing techniqu~ in a s9lvent systeiµ contain;i.ng cbloroform-

96% acetic aqid (95:5, v/v). Indoles. were detected by spraying the 

plates with Ehrlich reagent '(1% solution of p-dimethylaniinobenzald,ehy4e 

in 96% ethanol) and placing for 3 to 5 min. in a vessel saturated with 

hydrochloric .acid vappr (87). 

Gas-Liquid,ChromatograEhX of the Indoles 

Quantitative determ;i.nati.pn of the .indoles was accomplished by gas

liquid chromatography. Indoles _were first methylat.ed with diazomethane; 

and their .trifluoroacetyl derivatives wel;'.e prepared according to the 

method described by Brook et al. (88). One mg of indole was dissolved ~--
in 3 ml of anhydrous ethyl acetate in a test tube, and 0~5 ml of 

trifluoroacetic .. anhydride (T:f'A) and a small amount of anhydrous. sodi1,llll 



Figure 1. Scheme of Extract ion and Purification of Indoles 
from Plant Material 
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sulfate were added. l'he tube was capped, and the solution agitated by .a 

magnetic stirrer for one hour at q>om temperature. The solvent and the 

excess TFA were then removed under reduced pressure, and·the residue was. 

dissolved in 1 ml of .ethyl acetate. 

A 10 ft. x 1/4 in. coiled glass column packed with 3% QF-1 (tri

fluoropropyl methyl silcone) liquid phase coated on 100 - 200 mesh Gas

Chrom Q, both purchiised from Applied Science Laboratories, State College, 

Pa., was used for the analysis. The samples were analyzed with the 

column temperatu:i::e at 165°c, injector temperature at·1ao0 c~ and detector 

0 temperatur~ at 200 C; The volume of samples injected was 2 m;i.croliters. 

Water Content of the Resistant and 

Susceptible Varieites.of Barley. 

Determination of Water Content 

Fresh leaves aild st.ems were cut into small pieces and placed in a 

platinum container pf known weigh~, .The plant material and the con-· 

tainer were weig4ed, and dried in an oven.at 100°c for 24 hours. The 

dry plant; material and container were weighed again, and the water con

tent of the plant was determ;i.n,ed. 

Hydrogen Ion Concentrations in the Resistant 

and Susceptible Varieties of Barley 

Preparation of Cell Sa:es and Determination of pH 

Fresh leaves.of the plants were cut into short 1,engths. Cell saps· 

were obtained by d;i,sintegrating plant material with a homogenizer with

out addition of any liqui~L Hydrogen ion concentrations .of the cell 



saps wei-e determined w:l,tfr a.S~rgent Model DR pH.meter. 

Materials· 

Secretions.of Greenbug to the HQst 

Plant During Feeding 
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Radi9active,gre,enbu.gs were produced by infesting~ .s~ll.p~t of 

Roge~s bar le-, plan,ts with g;reepbugs and· placi.ng the'l,ll inside a photos·yn . .- · 

thetic,chamber in a 114co2 atmosphere produced by ad~ing Ba14co3,and 

1N 11.2so4 _to the side arm. After :48 hours, the plan:ts.wei;e take~ ·out of 

tlie ch.µnger, .· anti, the . greenbugs . removed, f ro'l,ll the plants1~ These greei;lb.ugs . 

were .then.· tranEJferred to another ·pot of barley plants,, 'l'he plants and· 
'·' ' . . . . . ' . . ' . ' ·. ', 

the greenbµgs were then·kep:t'in~ide a dark chaip,ber-in order ta. stop :the, 

photqiaynthes:J..s occurring in. the , plant, Greenpu,gs . were .removed frpin t}:l.e ·· 

plants after 24 hours, a,nd .· the necrotic a:i;:-eas , on the plant'< leaves, re

sulting from the feeding .of ··these rad:i.o~otiye greenbugs were excised· 

and extracted with 80% ethanol at 'room·temperature, 
. · .. • . ! 1 • • -' 

E:ict,raction and· Fr.act;iona,.tion , 

The. methoq 1,1sed for the ex.traction of fr,ee amino acids and -sugars· 

was followeg.! . Th~ extracts were. fractionateg. intQ free amino acids at;1~ · 

sugars·. frac:t;io1;11:1 fol,lowing the procedure preyio-u.s.,l:y. described. 

Identificatton of Radioactive.Substartces·it1 the Extracts 

Compone'lltS in the fre.e a'l,llino acids fraction .of ··the extri:lct were 

separated art~. i,dent.:i,f ied by. two-d~mensipi;i.al thin-:-1,ayet:. chJ::e>nia tography 

c;m.plates coated with: a mixture 13£ cellµlose,and'Sili~a Gel G (5:2). 

Methl'.)d for. the preparation of, the thin-1,ay~r ph.t-es Wl;ls described in 
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page 26. The plates.were developed once in phenol .... water (80:20,w/w) in 

the first dimensiot). and then twice. in n-:"butanol .... 11 96% acetic acid..- water 

(5:1:4, v/v/v) in the second. dimension. :Radioac1:i:ve compounds.on the 

thin ... layer ch:t;"omatogram were detected by autoradiography. 

Simil,ar .methods were employed .to identify the . radioactive sµbstances 

in the sugar ft"actic;m o:I; tihe ,.ex;tract. One, dimensional· thin-layer chro-. 

m,a.togram was used. Thin..,layer plates were developed Jn a solvent system 

containing formic acid :methylethyl ket;one :.terbut:anol :wat,er (15: 30: 40 :15, 

v/y/v/v). Autoradiography was also used. to detect radioactive c9mpounds 

on the thin-.layer-chromatogrl;l.ms. 

Comparison. of ·Chemical• Substat).ces. in the. Resi.stant; 

and Susceptible Barley Varieties by the. 

Technique. of Biological, Assay 

Extraction .and Frac t;Lonatic:m , 

The procedure .employed: for the ext;:rac tion and· frac tiori.ation of the 

plant •materials· was the same as the one d.escribed ·· for the • free amino 

a~ids, sugars and organic acids. 

BiolQgical Assay. 

l'he biological, assc+y experiments using greenbugs were performe~,by· 

the Entomology Department, Different fr,acti<;>ns of the plant 'extracts 

were incprporated into the standard synth,eti~ diets for the gree11bug 

developed by Dr" Donald. C, Cress of the Ento111ology Departme:nt;: (89) • 

The growth of greenbugs feeding on the modified synthetic diets was 

measured by their weight :and nu_mber. of progeny they produced. 



C~PTER IV.· 

RESULTS AND DISCUSSION 
. ' 

Volatiles of Greenbug-Resistant:ancj. 

Suscept:i,.ble Barley Varieties 

S~veral methods of collecting the volatiles of the barley plant$ 

have been studied. Steam distillation at atmospheric pressure had been 

a c,;mventional methqd used, for coLJ.ecting volatiles of plant materials 

for :\™3,ny years. More.recently., this method has been found unsuitable, 

because· of the formation .. of art;ifa.cts due to .thermal decomposition of 

less. stal>;le contpbunds. The lower alq:,hols and ketohes are formed quite 

readily from cqmparatively simple and conunon precursors, such as pectin, 

amino aoi<ll? and .. sugars, which are present' in _all plarit .materials (90), 

The-straight chain, saturatedi and unsaturated aldehydes.areformed 

readily. from oxidative d,egradation .of the lipids (91). Aeration .of · 

fresh plant materials by sweeping witli a gas or vapor stream and cop"" 

densation in cold, traps was suggested •. This method of sample collection 

was foµnd to be satisfa,ctory,. but also time cons~ing, more ,than 24 -·· 

hot1.rs were required to collect enough samples f9r analysis, and for 

efficient; collection a large numb.er of traps were necessary. In the 

present .study, steam cj.istillat~on at reduced pressure was found to be. 

the most satis~acto:ry method,, Thermal decom:positi9n of tlie less stab~e 

compounds was prevented by work!ng at >loir temperature. Gas.,..liquid 

chromatographiq. analysis showed this method collected the·same number-of 



37 

volatiles as the aeration method, but with greate.r intensity quanti.,.. 

tatively, Some studies wen~ ma.de. with different 'liquid stationary pha,ses. 

for gas-liquid chromatography •. The liquid phases, Ucon Polar, Apiezon 1· 

and Carbowax 20M were.emplored. The,best .conditions'of operations were 

obtained using a 5 ft, x 1/4 in, 25.% Carbowax 20M column. , . It was also 

found in these studies that ,isothermal· operation was not suffici~nt to, 

provide .the degree of resolution nece~sary for. identification purp·oses. 

Analysis.of the volatiles under isot);lermal conditions showeq.. the reso,tu.:.. 

tion of only 20 c9mponent peaks; CompariSons·between runs made under 

isothermal and temperature programmecl conditions.showed.great improve.:. 

ment.s in resolution and separating power in the temperature programmed 

conditions; Under temperature programming conditions.the number. of re-, 

solved components w,;1s more tha11 40. / Typical chromatograms .of volatiles 

of Will and Rogers·barleys run under temperature programmed conditions. 

were.shown in Figure 2. Comparisons' of the Will and Rogers.barley 

samples showed that they were qualitatively similar, .both containing 

41 .. component peaks, 

Table.I lists the retention time and the appro:x:imate·relative per

centa,ge abundance of each component pea,k in.Will and Rogers samples. 

The,quantitat;ive estimation was. made by relating individual peak area 

to the total area under the curve. Of the 41 peak1:1 present, 11 were 

greater than 4% in relative abundance, and were arbitrarily defined: as 

major volatiles. Among these, component peaks,3, 5, 12 and 14 were 

found'to have significant higher percentage in Will barley than in Roger 

barley, whereas component peaks 19; 39 and 41 we1:e higher .in Rogers 

barley than in .Will barley. This result. would indicat,e that, although 

tbe volatiles of Will and Rogers were found to be simiJ,ar qualitatively, 



Figure 2. Gas-Liquid Chromatography of Volatiles of Resistant 
and Susceptible Barley Varieties on a 5 Ft. x 1/4 
In. 25% Carbowax 20M Column with Initial Isoth~r
mal Temperatm;-e of 60°C for 30 Min. and Programm~ 
ing at:. 1 °C/Min. to Final Temperature· of l50°C 

A. Volatiles of Will (resistant) 

B. Volatiles of Rogers (susceptible) 
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. 5~ .· 9. 5 

.•. ··6. ·. _·· .... 11 · 
<7- ·. _13. 5 

8. . . . 15.5 · .. 
9. ·. . ·_.·. 18.5 

.· 1(). ·• 24 
11. .. . 29 

,· :12. .··· .. 32 
13. ,• · 39 . •· 

1~:> -· · --_ ~r. ::. · · 
· . 16. '• 62.5 

·.· 17. . 71 • . 
. 18. '• .77. 5 

·. · .. •. 19~- 84.·5 
20: · 95 .. 

TABLE I 

RETENTION TIME AND BELATIVE ABUNDANCE OF VOLATILE . 
. COMPONENTS •. OF. Wll.L --~ ROGERS· .. VARIETI~S 

Relative Abundance··· Peak. ltetention RelativeAbu~a~ce · . 
:· · ... ·_ . .. . No.· ·. Time 
·_ ·Will·.. :Rogers• ....... u · .. -~-'--·-

if~;re~t < ~···· ~:< :i~L ~Ir~e-,H 
9. 9 7. 4 24.'. . 108.5 ·. 0.18 2.1. ·•·· .. · .. tt > i: ~, .. _.··.. . . .. :~t ... · ,·· }~t .... ·. _·. f 6 .··· .. ·. . -~:61 :< < 
2.8. 2.4' .. . . 27. ·. · 117.5 l.i 1.01 

·- . o. 11 · 1~ Ql . .. 2a. 121 1. 1 . o. 34 
<5~3 · · .. · .. · 3.4 . · __ .··.·29. • :124. >: 1.1 , . ;0.67 · 

2.5 2.7 ·. . 30. ··.· .129 . .· 1.l . . . 1.4 
2.1 l. 01 .. ·•. }1. 132~ 5 · · .. · 2. i .·· .·. ·. .. · l. 0 
4.6 -2~7 : . . :·'32. · ... 135 0~71 , 1.0 

..• u •...• ·.iJ·.··.·····. ··/Ii .•.• · ti:~;,, .. ,l~·., Ur 
4.2. 3.0. ·.·· ·.··. · 37. ,154· < ·. _.1.1 · .. · .· 2.7 .. 
_0.11._- __ iD.}4< -·. ,a. 156· __ ·. _ .· '"'·0.6,5_•_-->.2~·08_ •. , ... 
t.B - , 5 •. 1 39. 161..5 . 4 •. ,.·. - · - , 11 ... 

1· 4 . '· 4 -/ • ~: Mt · ;. t~5 ·. .1:i:~1-· · 
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they .were .different quantitatively. Volatiles tha.t might·ac~ as re-,. 

pellents or as at:.tractants may be present in both Will an,d'Rogers bar

leys but in different c,onq.entrations. Repelients may· exist in· larger 

quantities in Will barley th1,m in Rogers barley while attractant:s. may be 

present in larger quantities in Rogers·barley tlia.n in Will barley~ 

Identification, ,of some·. of the volatile compo.nents and their approxi-. 

mate concentrations in Will. and Rogers barleys were shown inTable II. 

The approximate concen,trations were .determined by.direct'comparisons of 

peak areas.of unknown samples .with those of the,refetence sample~ of 

known amounts. Of tb,ese iden,tif ied volatiles, only ethyl acetate. ap

peared to be appreciably different in concentration in Will and Rogers 

barleys. It has been .found recently, that the.occurrence of ethaqol in 

the samples can be at· 1east partially att'ributed to the presence of this 

compound in tr.ace .amount in the ether used for the extraction of the, 

ste~ distillates. (92). The.mass spectra of these identified volatia.es 

and their corresponding reference compounds are shown in Figures 3, 4, 

5, 6 and, 7 ~ A number of compounds , found were not charac ierized, · even 

though mass spect:.ra were obtained. 

Figure 8 shows the effects pf these identif.ied v9lat;i.le. cqmponents · 

on th,e grc;,wtl?,. of greenbugs.. Vol,atile components· at cone,entraticms 

approximately equivalent to that.in the Rogers barley were ;incorporated 

individually into the standard.synthetic diet for the greenbug, and the 

growth of greenbugs was measured by their weigh,ts_and the number of 

progeny they prpduced, None of .these vola,t;i:les were found t:.o h.ave sig~ 

nificant effects. 

Effects.of steam distil,lates e.ontaining .all the volatile compone:nts, 

from., Will and Rogers barleys on the growth of gl'."eenbugs are shown· in , 



Sample 
Peak No. 

1. 

2. 

3. 
4. 

10. 

TABLE II 

IDENTIFICATION AND APPROllMATE CONCENTRATIONS OF SOME 
VOLATILE COMPONENTS OF WILL AND ROGERS VARIETIES 

Ident i fie at ion Sample l>eak Refell'ence Approximate 
Retention Compound Concentration 

Time Retention 
Time 

(min} (min) 
aceta_ldehyde 3 3 

ethyl formate 4.8 4.8 1. 8 2.0 

ethyl acetat,e 6.2 6.2 1.0 0.5 

ethanol 7.7 7.7 2.0 .1. 5 

n-butanol 24 24 0.5 0.5 

g 



Figure 3. Mass Spectt'a of Standard Acet;aldeh:yde, Acetaldehyde 
from Will Barley and Acetaldehyde from Rogers Bar• 
ley 
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Fig'l,lre 4. Mass Spectra of Standard Ethyl Formate, Ethyl Formq.tE;; 
from Will Barley and Ethyl Formate from Roger Bar
ley 
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Figure 5. Mass Spectra of Standard Ethyl Acetate, Ethyl Acetate 
from Will Barley and Ethyl Acetate from Rogers Bar
ley 
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Figure 6. Mass Sp~ctra of Standard Ethanol, Ethanol from Will 
Barley and Ethanol from Rogeri;. Barley 
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Figure 7. Mass Spectra of Standard n-Butanol, n~Butanol from 
Will Barley and n-Butanol from Roger1:1 Bat"ley 
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Figure 8. Effect of Volatile Compounds on the Growth of. Green
bugs Feeding on Artificial Diets for Twenty Days 

Alphabets represent the· following: A ·= acetaldehyde., B = 
ethyl format~, C = ethyl acetate, D = ethanol, E = n.,.butanol, 
CH= controL 

Concentrations of compounds used were equivalent to the 
levels observed in Rogers Barley. 
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. Figux;e 9. Steam dist::illa:te £.rom Ro.ge1:.s. barley stimul:~ted the': growth· of·.·· 

greenbugs muc.h m.oi;:e than th1;1.t from WiJ.1 barl.ey, but, at, 50% ,dilution of· 
' • • • •, • • ' • i "\ • • ••• -

the original: concentrfitions, . the WiJ..1 volatiles , illcre,ased ~lie" gt;owth 

much more. effectively thaq. the .Rogers vo+atil,es •... This-, observati1;m may 
I . . 

be. explained by tlle Ullknown vol,:~_ti+es which .were present 'iil different 

cdncent~tions · in Will an<i Rogers variet:fi~s ~ •• If ,the volatiles present 

in higher concentrations in W:irll are rep~llents, the . decrease .. of these 
. . ' . ' . . ' 

co;1;1cent:ta~ions in the diluted Will, volatiles u1:1ed · in .t!ie ar~i;fici~l diet · 

would probab+y result the. i11cre.ase .of s;i~ula;ory effect on the growth· 

and repro4uc tion of the greenbugs; and coxiverse+y, if , the. vola.t:Ue1:1 

present in highei;: concentratic>ns in Rogers are •attractants, the decrease 

of these. coricentra,~ions in .. the diJ,.4ted, Rogers .. :volat.:iles used in the 

art;.if icia.l •d.iet :would. oaµ1;1e the dec:i::ea.se. of stimµl,atory effect on ~he ' 

growth .. an,d reproqucti,on 0£. the. greenbugs. 

Water Colltent'of the -Resistant and· 

Susceptible Barley ,Varieti~s 

Correlations between aphici beh~vior and plant water status, had been. 

o~seryed. by otl_ier warkeI,'s.; It is generally· agree~ that the feeding ,and 

reproq,µction of aph~cis are influenced.by the wate;i; content of the·host' 

plant. , Respons-e, of aphids . to th~ 1:1hortage of, water . in , th~. host plant< 

va~ied <With . tl\e Spf!cie1:1 of ,aphid, as well as the , species of. the, host \. 

plant (93) ~ Water short~ge had beneficiary effects. on ·som.e aphids owing 

to the inc,1fease 'Of ,concentration of sqlutes i:p. the sap. Ne;verthele.ss~ 
. . 

on ,the insect's, which,. de.pend constderably on. the. tl\.rgor pressure for -

feeding, water shorti;tge ha.d har"\1\ful effects, (94). · The~e aphids ;became · 

restless,, and their fecundity .was dimin:i,shed, because -the ,assis_tance ·in .•. 



Figure 9. Effect of Volatiles Extracted from Resistant and Sus
ceptible Barley Varieties on the Growth of Greenbugs 
Feeding on Artificial Diets for Twenty Days 

Alphabets represent the following: A= volatiles from Will 
(resistant), 'B = volatiles from Rogers (susceptible), C = volatiles 
from Will at. 5Cfl/o concentration of A, D = volat Ues from Rogers at 
5C1/o Goncentration of B, CH= control. 
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food uptake provided by .the s.ap pressµre 'was reduced. Gteenbugs ·were . 

found to be. favored by the. low water content of host. plan,ts resulting' 

from low rainfall durin,g drou~ht ;Periods (95) •. Therefore, it was sus.

pected that the greenbug-resistant varie~ies may have a h:i,gher wate.r, 

content tha~ the.susceptible varieties. 

The ·,water content of the · uninfested -susceptible and' resistant 

barley varieties as .well as the greenbug-in,fested ones is listed in 

'l;'able III. The wate_r content is expressed on a fresh weight '·basis. No -

significant 4ifference wa.s observed between the greenbug-.:resistant'an,4 

susceptible. varietie~ ! · A drastic reduction of wa te.r content of· the sus,- · · 

ceptil;,le barley after two weeks of greenbug infestation was. found. All·· 

the susceJ?tible. plants were completely _dead after 3 weeks of. gteeJlbug 

infestation.. Resistai:it 'varieti,es showe(i a small decrease of water con,-· 

tent after 3 weeks. of· infestation,. The more mature.plants of all varie ... 

ties eontaitl.e.d less watel:' than the younger ones probably owin,g to , an,· i:n,-:

ctease of thiqkness of. cell wall .and dry matter in these maturing plants,. 

Hydrogen Ion Conc_entrati9n of . the Resistan~ , 

and Susceptible J3arley Val;'ietfes 

Hydrogen ion _concentration in the cell sap of plants has long beep. .... 

considered to. affect the insect-host pli:1.nt · relationship. Acidity of .the 

pl.ant has been sugges.ted,as·the pla:p,t's,defense agains.~:its enemies (1). 

Resistance of the plant .to •insect attac;.k ·increa1;1ed with increasiJ:!.g or ... 

ganic. acid con1=ent .of the plant: Leaves of the sugar beets.resistant· 

,to leafhoppers were found to be more acidic than those of the suscep'!:'""' 

ible ones (11), Studies of the. feeding h,ibits of the leafhqppers showed 

the leafhoppers concentrated_ on artifically prepared ;fopd tl;lat wa.s · alka-



Age of 
Barley 

1 Week 
· un1nf. 

2 Weeks 
Uninf. 
Inf. 1 Wk 

, Weeks 
Unfof. 
Inf. 2 Wk 

4 Weeks 
Uninf. 
Inf~ , Wk 

. WATER .coNTENTi 

Rill 
Uninf.. Inf. 

·90.5 

. 91'~ 1 • 
90.8 

90.0 
89.9 

89.5 
.84.9.·. 

. TABLE III 

Rogers .·Isogenic A 
Uninf~ Inf.' Uninf. .Inf. 

(. pet ccant / 8 ~esh weigl)t) 

. 9L2 90.,· 

.. · 90.4 90-5 
90.7 90.2 

90.2 90.1 . . . ' . 

. 70., 90.0 

89., 88.9 
dead 86.l 

·., ·. 90.1 

· ·.· 88.7 

\Jl '°. 
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li,ne in reaction (96), The pe8: aphid was.f.o.und. to be capa.ble-.of dis-,. 

criminating betto?"ee~ as ,little;as 0~3 to 0.6 of;a pH·unit whet1. feeding 

on.artificia,l:diet$ (97)~ Cress (89) observed the'befi!t'·greenb\l,g develop ... · 

ment 'when the green.bugs were rea:re(Lon an.attificial c;lte~ 'haying :a pH 

of h6 co~paretl to thos,e with a,more acidic'pH~ 

Table IV shows the .. r.esultrnf the, p1:ese~t study on pH-in: the \ce11 · 

saps·of .-several l:J.nesaf barley ,plants. Smal!l .differences in pH·were 

observed between .• the gree11,bug-resis.tant and .greenbug-.sus~epti,ble yarie,• 

ties; however, ·a.statistical analysis o:E: the;results by ~he ,!_'test 1 show

ed that: ;he$e differences we:pe not sign;lfi:cant, 

Auxin Content \aLResbtant al',ld .. 

Suscept;t~le BarI·ey Varietie.s · 
., . 

Ear+±e~ worlc.ers _have .shown cdrJ;".ela~ionei l>etw~en ,au;itin oont.ent .in· 

the. plant,:;an4 aphid·resistance, MaxwelLand Painter (85) observed that· 

wheat, barley and alfalfa .varieties resistant·· to greenbugs contained· 

lower cqncenttation~ of free auxins. thaq, the :cc;,rrespo~di~g susceptible 

varieties. . The susceptible varieties had at least,: ,one ~ore neutral· 

au:dn present ·than ·did the. resi1;3tan~ 1:mes. The h,;meydew and. ether ex"' 

trac;s of the.aphids feeding on the·suijceptible varieties also had 

larger -,1.iI!\ounts of .. auxins than ·tho.se of aphids feediQ,g on .the resistant. 

varieties (98 ,,99). The ·,same worlters found that short per:f:ods of· aphid,· 

infefi!tation significantly reduced the 1;1cid auxi:n content of the suscept-0 

ibleVarieti,es bµt had very _little effect .. on ·the ;ot~l 1au~in content 'of, 

the resistant ;.:varieties~ Tl).~·. aph~¢ls were said t;:Q be aqle tQ remove · 

significat1t · amqunt J,>f ,a~ins. fro111 the st.1scept:tble varieties at,1,d were· 

unabl~ .to do s9 from th~ resis.tan1: 'plants. J;t was suggest;:ed that this 



Group 

.. 
I 

II 

III 

IV 

V 

Will 

TABLE IV 

COMP.AR.ISON OF·HYDROGEN.ION CONCENTRATIONS·BETWEEN 
RE~ISTANT AND SUSCEPIIBLE .V,ARIETIES 

Isogenic Lines 
Resist. 

Line or (1) (2) 
Ave. .t;. Test Suscep. pH pH 

654832-2 (s) ' 5.94 6.01 5 .. 98 no 
654832-3 (r) 5.65 5.84 5.75 sign., 
654832 .. 8 (r) 5.94 5.79 5.87 d;i.ff. 

654833-2 (s) 5.98 5.84 5.91 no sign. 
654833-7 (r) 5.91 5.74 5.83 diff. 

654835-1 (s) 5.87 5.79 5.83 
654835-2 (s) 5.99 5.81 5.90 no 

.654835-3 (s) 5.91 6.01 5 .. 96 · sign. 
654835-4 (r) 5.87 5.73 5.80 diff. 
654835-5 (r) 5.79 5.98 5.84 
654835-6 (r) 6.19 5.91 6.06 

654843-3 (s) 5.87 5.87 no 
654843-8 (r) 5.95 5.86 5.91 sign. 
654843 .. 9 (r) 5.73 6.01 5.87 diff. 

654844-1 fs) 5.76 5. 73 5.75 no· sign. 
654844-8 r) 5.76 5.76 diff. 

non-Isogenic Lines 

5-20-2 (r) 5,97 5.91 5,93 
5-20-4 (r) 5.89 5.71 5,80 no 
5-20-7 . (r) 6.02 5.84 5.93 

sign. 
5-20-10 (s) 5.79 5.91 5.83 

Rogers5-20-11 (s) 5.87 5,87 5.87 diff. 
5-20-15 (s) 5.81 5.82 5.82 

61 



result indicated that th~ difference between the resistant; and suscept-. 

ible plants may be related to the availability ,of phloem material to the 

aphids. Auxins might exist. in greater ·concentrations .in the phlo,em. 

Recentl.y, King (100) observed that uninfested greenbug-resistant and. 

susceptible barley varieties had the same level of "free'' and "bound" 

indoles, .and th.at greenbug in,festation increased the ,amount of tqtal 

indoles significantly in both. varieties. The <levels of 11bound" in.doles· 

were about the.same in th~se two greenbug-infested varieites; however, 

the level pf the "free'' indoles in the .. infested susceptible variety was 

much higher than that of the infested.· resistant variety, an:d. the result-, 

ing total indoles in the former was al,out.1.5 times.as great as the total 

of the latter .. 

In the present study the auxin content of twp uninfested gt'.eenbug.,-. 

resistant and.· two uninfested greenbug--susceptible barley varieties as · 

wel.l as the greenb.ug-infested p,l.antsof these varieties wel'.'e analyzed· 

by.th,in-layer·chromatogr:,;1.phy and gas-liquid chromatography. The results 

of . thin~layer chromatography .. and t;he identification of· the auxins are 

sho~ in Figures 10 and 11. Indoleacetonitrile, indolebutyric acid, 

indqlepropionic ?-cid, indoleacetic acid, it1dole-$-'al.dehyde an.d indoie 

were found in the uninfested "free" and "bound" fractions of all varie

ties tested. Quantitat::Lve col!lposition of .auxins were determined py 

ga.s-,liquid chromatography. Auxins were analyzed as their methylated 

trifluoroc;1cetyl derivat;ives (TFA). The liquid stationary·phase·used· 

was 3% QF-1. Thebest,resol.ution was obtained when the c<;>lumn temper~

ture wa!:i ma:inta:iiled at 165°C. Typical chq,matograms · of methylated tri

fluoroacetates of indoles of uninf.ested · Isogenic A and· Isogen,ic B 

varieties are shown in Figure 12. The concentrations of the individual 



Figure 10. Thin-Laye-r Chromatogram of 11Free" and "Bound" Indoles 
of Uninfested Resistant and Susceptible Barley Va
rieties 

Abbreviations: IND = indole, IAN = indoleacetonitrile., IBA = 
indolebutyric acid., IPA = indolepropionic acid., IAA = indoleacetic 
acid, I3H = indole-3-aldehyde, IpyA = indolepyruvic acid. 
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Figure 11. Thin-Layer Chromatogram of "Free11 and 11Bound11 Indoles 
of Greenbug-Infested Resistant and Susceptible Bar
ley Varieties 

Abbreviations: IND= indole, IAN= indoleacetonitrile, I;BA = 
indolebutyric acid, IAA = indoleacetic acid, I3H = indole .. 3~alde= 
hyde, IPA= indolepropionic acid, IpyA = indolepyruvic acid. 
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Figure 12. Gas-Liquid Chromatography of Methylated Trifluoro .. 
acetates of lndoles on a 20 Ft. x 1/4 In. 3% QF .. 
1 column at 165°c 

A. Iridoles of uninfestec;l J;sogenic · A (resistant). 

B. Indoles of uninfestedisogenic B (susceptible) 

.Abbreviations: IND = indole, IAN = indoleacetonitrile., 
IBA= indolebutyric acid., !PA= iridolepropionic acid, IAA = 
indoleacetic acid, 13H = indole-3-aldehyde. 
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components present.in the samples analyzed are shown.in Ta.ble·V. The 

inciole concentrations are expressed on, dry weight ,basis. As can be seen 

in the table the COI!,tents of ."free" and "bound" indoles of the uninfest""'. 

ed susceptible var.ieties were similar to those of the uni.nfested resist ... 

ant varieties. Greenbug infesta.t:lon was found to inc:rease the amount of· 

total indoles significantly in.all.varieties as·reported by King (100); 

however, the increases of "free'' a11d "bound!' indolef.l in t1'e infested 

susceptible varieties were not different from those of .the infested re

sistant varieties, and the resulting total indoles were at the same level 

in all the varieties. '.Che,increase of auxin levels in the infested 

plant had been explained as the.result of increased produGtion of de-

creased destruction of auxins in.· the plant. Substances secret.ed into· 

the plat1t by the greenbugs might'ac~ as inducers to inactivate·the in-:

hibitor of the enzymes involveq in a~xi:p, productio~, or they might act· 

as inhibitors to inh:i,bit,the enzymes responsible for auxi'Q. destructiop. 

(101). 

The high leve,l of "free" auxins foun<;l in the susceptible plants 

after greenbug infestat:l.on was suggested as the reasc>n fpr the damage 

in .. the host plant causeci ·by. the apl\;i.ds (100), since high auxin concen-. 

tration was found .to be deleterious to plant growth (102). This ex.,. 

planation of .the greenbug damage to the susceptible plat1ts is considered 

inadequate, because the,present study demonstrated thatthe greenbug-. 

infested resistant plants have the sarpe leyel o:f '·'fre.e''r auxins as the 

infested susceptibl,.e plants. The,results obtained by Libbert ~ al. 

(103) in the.studies of auxin metal;>olism,would suigest that the large. 

amount of "freell auxins found in the infested plants may not be.related 

tq the damage to. the pl~nts caused by aphid infesta.tion, Libbert'et al. 
. ~·-



TABLE V 

AUXIN CONTENT OF UNINFESTED AND INFESTED RESISTANT AND SUSCEPTIBLE VARIETIES 

Compounds Will Rogers !so•A Iso•B 

Uninfested Infested . Uninfested Infested Uninfested Infested Uninfested Infested 

Free Bound Free Bound Free Bound Free Bound Free Bound Free Bound Free Bound Free Bound 

( µg/ g dry weight) 

IAA l. 6 2.0 4.7 15.3 2.7 3.0 7.6 5.3 1.8 0.7 5.6 3.3 1.7 0.9,~ 6. 7 2.5 
IPA l. 4 2.0 1.9 0 1.6 0.9 4.0 1.4 1.5. 0.3 4.8 1.4 1. 9 0.5 2.0 1.8 

IAN 1.6 ·2.3 4.2 1. 1 0.5 0 3.3 2.0 O.l 0.2 1.8 2.6 0.3 o.4 3.1 0.7 

IBA 6.6 5.0 6.6 6.6 6.9 2.2 8.5 6.4 3.2 1.2 4.o 2.7 3.5 0.2 5.4 2.6 

IND 0.7 0.9 1.8 4.9 1.4 1. 3 2.2 1.2 1.0 0.4 2.6 1.1 1,5 o.4. 3.2 0.7 

D!L ~ ....Q_ ~ l&Q_ 10~8 Q.._ 16~2 10.) 7.6 .2:..Q... 11.:Ji 18. 1 2:.Q.... 6. 1 !5.:.,g_ 10. 2 
TOTAL 16.8 12.2 41.0 39.9 23.9 7.3 41.7 26.6 15.2 11.7 36.6 29.2 17.9 8.1 35~6 18.6 

!AA • i.ndole acetic acid; IPA = indole propionic add; IBA = indole butyric acid; IAN a: indole acetonitrile; 
um = indole; I3B-= indole-3-aldehyde; Iso-A = isogenic A (resistant); Iso-B = isogenic B (susceptible) 

....;J 
0 
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(103) found· that ';thEr epiphytic bacteria which usually live 'at the plant 

surface·of the higher plants had the greates~·ability to form indole-:" 

acetic acid f:rom tryptophan among.all plant organisms, The,conversion 

of tryptophan to indoleacetic acid :i.n tqe plant by plant'enzymes was. 

very .slaw, and the efficiency was,.f.ar less than that by th.e epiphytic 

bacte+ia, Sterile plants. grown from seeds thµ.t had been sterilized with 

etha!!,Ol and bromine water contained indoleacetic acid in a quantity very 

much less than the non"."1:1terile ,plants. The major part of auxins which. 

was found in the extracts of,non..-$terile plants, was.not produced by the 

plant: but by the epiphytic bacteria. It was suggested also that part c:>f 

the auxins found in. the extracts of non..-sterile plants was produced, by. 

the epiphy;tc bacterfa during extraction, because the extraction of non-

sterile plants in presence of antibiotics (cqloramphenicol or streptomy..

cin) yielded, le1:1s indoleacetic ·acid than the one . .in absence of an.ti ... 

biotics. High.amounts.of bacteria ... produced auxins were shown'tobe 

n,;:mnally present on higher plants; .however, the effect of these .auxins 

on.the plant was not known. In.view of these reports,it would not be 

unreasonable to s1,1ggest 't.hat ; th~ large amount of auxins found in. the 

extracts of the greenbug-infested plants mB:y·be the auxins produced irt 

greateJ? qu1:1-ntities ,by the epiphytic bc;1.cteriae, stimulated perhaps by 

the greenb1,1g' s. infestation. . These auxins may not nece1:1sa:i;:ily be.involved 

with the ,;1.phid's damage in the plant. 

Free Amino Acid Content of Susceptible 

and, Resistant Bar1.ey Vari:e.Ues 

The free amino acid composition of ,alcoholi<::. extrac,t$, of the four 

barley varietie~, Will (resii.t~), Rogers (suscept~), Isogenic A (re1:1ist,) 
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and ··1sogeµ.ic B (suscept.) were amilyzeq. by thin-,laye;. chromatography. 

Twenty amino ac.ids were. found in al,:L · the varieties. No significant:. . 

qualitatiye difference :was found betw:eeri the resista-.i:t,and susceptible. 

varieties, with the exceptien tha;·two unknown compounds found in Rogers 

barley.were not detected in Will, Isogenic A or Isogenic; B. The same . . . ' . 

twe:1;1.ty amino acids were found in the greenbug-infested barleys. Never.,,. 

t;heless, the chromatograms 9f the infested barleys, especially the sus

ceptibles.ones, :were not.as intense as the un,infeste.d ones. This indi-. 

cates. that there was a decrease of free amino acid concentrat:ion after 

greenbug infestation and that this decrease· oc,curred to a ,greater extent 

:wit:.li the susceptible varieties, The reconstructed typ:i,ca1'2-dimensional 

thin-layer chromat0gram,s·of .Will and Rogers, barleys are shown in·Figures 

13 and 14. 

Amino ad,.d content was als9 deterlllined quantitatiyely .by automatic 

amino acid.ana:}.ysis. Figure 15 shows a reconstructed typical chromato..;.. 

gram .,of· free amino acidEi of uninfested one-week _old Rogers bar]..ey, The 

change 9f free amino acid,composition of the uninfested barley ,varieties 

during th~ growth period from, 1 week to 4 weeks as well. as those of the 

greenbug,-infested barleys at this period are. shown in Tables VI and VlI, 

In all varieties tested, the concen.ttation of· total am,ino compourid,s :wa1:1 

found tp be higher in the,younger plants, and it·decreased as the plan,ts 

grew. The to.tal .. amino compounds was also found · to be higher· .. in the sus

ceptible varieties than in .. the resistant varie.ties at all' stages. of · 

growth~ The,gre~nbug ... inifest:.ed barleys, especially .those susceptible,, 

were foµnd to exhibit a s1'arp reduction of .total amino colllpounds follow-. 

ing l w(;:ek of infes.tation~ Figur:e 16 shows the .amount of tota+ amino 

compounds present i1' the UQ.infested and ;infested barley varieties at 



Figure 13 •. A Typical Two-Dimensional Thin~Layer Chromatogram 
of Free Amino Acids of Will Barley (Resistant) 
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Figure 14. A 'Xypical Two•Dimensional Thin .. Layer Chromatogram 
of Free Amino Acids of Rogers Barley (Susceptible) 
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Figure 15. . A RecoI1,Structed Typical Chromatogram of Free Amino 
Acids of Uninfested Rogers Barley (One·week Old) 
Analyzed by Automatic Amino Acid Analyzers 

The first five amino acids, aspartic acid, threonine, serine, 
asparagine and glutamine were analy2;E;1d by a Beckman Model 120 C 
Amino Acid Analyzer. Th€;!· other amiriQ .acids we're analyzed by a · 
Technicon Amino Acid Autoanalyzer. Farameten for the Beckman 
Amino Acid Analyzer were; 

column size - 0.9 x 69 cm 
resin type .. Beck~n Type AA .. 15 

, height of resin column. • 53 cm 
cQlumn flow rate ... 50 ml/hr 
c0lumn.back pressure - 290 psi 
buffer - pH 3.25 . 
temperature~ 30°c. 

;Farameters for the Techn:i.con Am:;lno Acid Autoanalyzer we:t:;'e: 
column size - 0.9 x 133 cm 
resin type .. Type B Chromo•Beads 
height of resin column• 129 cm 
column, flow rate .. 30 1111/hr 
column'b~ck pressure - 300 psi 
buffer - pH 2.785 to pH 5.0Q 
temperature·- 60°c. 
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· ·Amino 
.Acid 

·Asp·· 
· Thr 

Ser 
Asn+ Gln. 
Glu. 
Gly. 
Ala 
val 

.· Met 

·Ile. 
····Leu 

. ··Tyr 
Pbe · 

. lffla 
< 'His 

. Arg .. ·· .. ·.· :·;!;· .... · ... · 
total 

TABLE VI 

Will 
. 1 Wk.· -- 7wtt . 2 n-, Wk . 

·.·· ~,.;.. ... - . LWk < 2 Wk 
Age: . ' lWk 
Tiine Inf: 

.•.... ·
61:i•····· m! .·. 1:f ·· .:f J... . 'i!.l · ..•. t~·····iI'li47~f ht:~1 .. · .. 1f tr 

· 90.2 - 159~7 · 91.6 ··.· '48.2 · 158.4 -182.2 123.6 62~8 80.3 86~1 4o.6 .- 46.8 '32.6 

··-·-~··· 



Amino 
.Acid·· 

As . p 
·thr. 
Ser 
Asn + Glri 
Glti 
.(;ly 

·. !!i 
Ile 
Leu· .. 

·tyr 
Ph!:! 

--~--

Lys 
His 

. ,Are· 
Total 

TABLE VII 

FREE AMINO. Aem COMPOSITION-· OF mmm:stt» AND •mESTED.:csoomt:cck·~ I~OGEm:c.;ayAB.IETJ;lS-

:l,l'ninfested 

~ Inf, '-~ ~~
1
;-~ ·-~ ':~ · ·~·n,:~ ·-~ · {:t~·: ): ~:tr:· V: 

·. 21.f 18.1 a.r a.2 
lj..7 .. 4.5 3.2 2.6 
7 .4 6.7 · 4.5 -4.4 

· 16.0 .. 6.6 .· • 5.0 5.3 
• 1.3 . 3.4 . 3~2·. 2.4 

· trace l. 7 0~3 o.6 
.· 6.4 ._. 5.1 .· 3.8 1~1 . . .. ,~6 . ,~,.: 2ij2 1.9 

·· r.9 1.9 -· >1.5 1.2 
2.3 .. 3.6 1~6 1.8 
0.7 1.0 0.7 · 0~8 
1.3 2.0 1.4 1.J 

· .. 9.6 · 6.o - 4.5 ·· · 5.7 ·· 
2.0 .· 2.3 . 0~8 · l-5 
o.l trace· trace' . o.4 
1.2 - 2.1 0.9 . l.O · 

8(),2 67·.7 42.l ··: 1';6.6 

·~._;- ., ... 

Cit m1e/ s dry Je:i.sht '> .-. _. _ _.. _ 

21.1·-20.4··fo.6 ·9.9i .18.0 ·a~i--5.1 ii~.!J. J.O··dead·· 
.· 8.6 5.9 · 4~7. · 2.9 ·4~2 2~l .1.6 •• 3.J · '0.8 dead 
. 16.3 u .• 6 ·. 6.5 , . 5.6 _ ···.· -6.8 . 4.4 2.6 .· ... · 4.9 · 1.2· dead· 

33.3 15.4 ,14.5. 11.3 ,·_,. ', -6:s 6.2' 2~2 .• _ •. _ a.o 3.8 dead 
1.7 ' 6~0 4.4 · .· 4.4 4.o .. '3.3 2.4 ·· -·-•. 4,5 1.4 . dead_ 
o~6 l.l o.6. _ 0.7 · .1.8 _.· 0.9 · 0.5 l.L ·. 0.3 ' dead 
2 .• 9 ·· 3.1 · 2.9 . 6.8 4.7 .4.o 4.o- . 2.4 .1.2. dead . 
1.6 ·. 3;0 l.7 .3.2 . · 3.2 · •• .2.6 .1~2 2.1 · 0.5 dead 

· 1.7 1.8. ,· lS 1.6 2.1 .. _ 1.0 o~6 -. 1.3 0.2 dead .·_.· 
2~0 ,~o ,-·_· .. · 1.9. 1.9 -··. __ · .3~7- 1.0' 1.o ... > 3.1 6.3 dead . 
o.8 · 1.2 Q.9' 0.9 · · · 1~5 l.O 0.1 ·· ··. 1.2 · o •. 2 . dead.··' · 
1.7 · 3.0 1.4 · · 2.6 3.0 2.0 o.6 3.0 0.2 ._ : cJ~aa· · · 
3~2 . 8.5 . . 4~6. 5.6 . . 9.2 4.7 8~0 10.6 _ l_.8 _·· dead.>. 
1.3_ J.9. o.6 . 2.6 3.9 .. l.6. :1.2 3~6 1.; dead .· 
o.4. · 0.5 -·· 0.2 1. L. tra(;e O.l. . 0.2 -. · -0.2 trace dead 
1.6 . 2.4 .. 1.6 ._. 1.5 · __ 2.2 .. 1.4 0.7 . 2.1 - 0.5 dead 

98~6._.·. 90.8 .• 58.6 ··61.8 74.7 . 44.5 31.4 .... ,:61.7_·17:o·. dead 

co 
0 



Figure 16. Change of Concentration of Total Free Amino Co1JlPOUI).ds 
in Uninfested and Infested Susceptible and Re
sistant Barley Varieties at Different Ages 

A. In Will (resistant) and Rogers (susceptible) 

B. In Isogenic A (resistant) and Isogenic B (s4sceptible) 
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different growth periods. Among· the. list of" amino ac.ide identified; , 

aspartio. ,acid, tlireonine, serine,. asp.ar{lgine .+ gluts.mine, glutamic ae,;ld, 

histidi:t1.e and arginine were found to be present in ·higher.,~oncentratd:ons · 

in.the susceptib+e variet;.i,es tqan in the resistan'I: varieties. The cqn

centratio11 of alanine was found to .be higherdn -the resistant 1variettes. 

Aspartic .acid to.get.her wit;.h at;!p~:ragine a:iid glutantine, Wel'.'e. the major corn ... 

·ponents.of the and,no compouxi~s~ The C'?ncenttations of these.amino acids 

found in the.uninf.ested and infested barleys at·the 4:i,.!ferent'gtowth, 

periods are sh.o:wn in Figures . 17 a11d 18 ~ The decreases of tl').ese ai;nino. 

acids in the olc;ler. plants and. in the· in:f;est~d ones w~n:e qui.te parallel 

to those o:I: the to_ta.l amino compou11ds. These results are e,omparable to 

those of Auclair and Maltais· (64) whQ found.the free aniit10 •acid·co~ceti-:

trations were higher in the pea varieties susceptible to pea aph;Ld than 

in the resistant ones. Concentration,s. ·of __ gluta1I1iXl-e, asparagine iind · 

homoseri:t1.e were found to be· cQnsist;ently lo~er in. the, 1;esistan1:: pea .. 

pl,.ant;.s. The growth, of pea aphid W;is inci::eas~~ significantly when pea. 

leaves were t+e~tec;l with these three ai;nino ac,ids, They ccinc.lu<iec;l -th~t · 

free amino ac.ids wer1= .nµtritional requirements for the pea .aphids, an<;l ·· 

that the low concentration of the amino acids ,in the :resistant'plants . ' \ 

caused the slower rate of growth and reproduction o;Lthe aphid~ lt was 

also suggested tqat glut-E1mine, asparagine and homose;ine .. may .play a. key 

role · in in:fl,t.iencing ,the degre~ of susceptibil,.ity or resistance, ot pea-' 

v~:det:l,es to aphid attack (66) q ~rl:)le ~ 'al~ (68) determined the free 

amino .acid_. cori.Qentration in seyer~l alfalfa variet:i .. es., some· suscepti°Q~e 

and some resi,stan:t·to the spotted·alf1;1.lfa aphicl; He foun.,<;l'tl:utt·the 

susceptible varietie~ contained tl}e higher cori.ce'Qtrations ~- J:Ie, also ob-

setved that ·as]?arag:;i..ne, which ranged from. 30 to 70% .of the t9tal amillO 



Figure 17. Change of Concentration of Aspartic Acid in Uninfested 
and Infested Susceptible and Resistant Barley Varie~ 
ties at Different ,Ages 

A. In Will (resistant) and Rogers (susceptible) 

B. In IsogenicA (resistant) and Isogenic B (susceptj.ble) 
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Figure· 18. Change of Concentration. of Asparagine + Glutamine 
in Unin.fested and Infested Resistant and Sus~ 
ceptible Barley Varieties at Different Ages 

A. In WUl (1;esist;ant) and Rogers (susceptible) 

B. In Isogenic A, (resistant) and Isogenic B (suscept;i.ble) 
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nitrogen; was the prin,cipal sou;ce. of free amino ac.:i.d n:i,trogen in al:f~l

fa. Dadd, ~ ,al. (104) found that: growt:h of the aphid,, Myzus perifc~@ · 

(Sulzer), felLsharply when the ·amino ac,id ],,e,vel w~s red,.uced froi;n 3%. to · 

2%, on the arti.ficial diet •. _ 

Based on the results of the pres.ent study, . it would appear th~t the 

concentration of t:;he total amino compounds in the bar.ley plants 'may be 

relate<;l to the susceptib~lity of barley varieties ·to greenbug attaqk~ 

However, the balance of .the praport,ions of indivi~uat amino aci.d.s should, 

be considered_ also a$ anoth~:r possible fact6r. Corr,ect .p:roportions were 

found necessary w:i,thin some classes · of nut:i;:-ients espec:J,allj' ami;po ,:acids 

(105). Bat.1ks.and Macaulay (106) S'1ggested that composition ,of tl;ie nit:rp

gen f:i;:-action·in.two varieties of bean might accoµnt for the different· 

fecurid,itiea of the aphid, Aphis fabae • 
. · _.· . : . :· . 

. . . 

The effects of the free amino acic;\$ exttacted,ftom,Will,and·Rogers 

on .the growth.and reprod,uct:i.on of greenbugs are shpwn·in Figure 19. 

:Portions of amino acids in the standard 'artificial ;di~t :for th_e greenbug 

were substituted with. equivalent am~n.ints of amino acids. exti-acted from 

Willand Roger barley. The growth ,o,f greenbugs on .the mofllif ied diets, 
. ,, '· ' . . 

. . ' . . . 

w~s measured by thei:i; ,weight ;,and· the nu~ber of progeny they produced. 

It \\fas ;found, that, ,amino ~cids froi;n both va:rieti,es had slight ,inhibitory 

effects .• · Figure .20 shows tl!,e gro:wth,of·greenblfgs on modified cliets·in: 

which, the co:nc;.entration of each amino ac;.!d WliS d.if feren~ ,from that 

normally used in the -standard· diet,' The concel).tration of amil).o a~i..<:ls 

normlilly used i.n the,standard,diet1was estti;nated to'be,appro:xit,i1at;ely 40 

times of that fo~nd in the lea:f: tissue of .. the barley plant; therefore,, 

th,e following 3 diff.erent 'concent.rations of elich amine;, acids ,were used: 

1} the same concentration as fou~d ,in leaf tissue 9f Rogers, 2) .ten 

., 



Figulle 19. E~fect; of ~ee Amino Acids Extracted from Will and 
Rogers cm. the· Growth of Gr~enbugs ;Feeding on 
Art,:i:l;icia.l Diets for Twenty Days 

Alphabets represent the following: A:;:: free amino aci,ds 
£ram Wiil {l:'esistant), B:;:: fl:'ee a:m,ino acids from Rog~rs (sus .. 
ceptible), CH:;:: control. 
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Figu-re ~o.. Effect of Different l\,mino l\cids Concentrations· on 
the Growth of Greenbugs Feeding on Artifi~ial 
Di~ts for Twe~ty Days 

Alphabets represent the foUowing; A = am:j.no acids concen"' 
tra.tion used equivalent to that observed in, Roger leaf tissue, 
B :;: amino l;Lcids concentration used equivalent to 10 x that cib
s~rved in Roger· leaf tissue, C ;:: amino acids concentration 1,1sed 
equivahnt to loo· x that observed in Roger leaf tis1:1ue, CH = 
control. · 
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. times. the c,,mcienttatioil -.fe:n,1n<i in Ro~ers +ea~ -~issue an~· 3) . one· hundre~ · 

times· t:he -conoentr~tion +o~nd · iq Rogers .le.ii£ t,:is~ue. All .pf these 

mod.ifiec:1 'diets were found to inl;!.ibi,t the I growth of. :the gi:ee11b.\1g signifi

cailtly, a114 t;.he : i"¢iibi.tory effect :was ill.ci;eased with :the i11erease · in 

concentration of -the B.111i.no -acids.. Th~· resul,ts itt<iic.atecl. that ~he ,pear. 

growth · of , ~he greenbug· ~y'- n(>t; be. ~caused by l.o~ ¢611e,entr.ati9ns· of the ; 

~ino acids, It may. be. that ·ai:nino ac.id imbal,ancfL is ·res.ponsible ;for . the 

poor growt;h- of th~ · greenbv.gs, .and thµs ~y be_ rel,ated· ,, to. ,1:'.eil,d:sti4bee". . 

Besides being requit"ed as· nutrient:.s the free amino acids •have becen .. 

shown to ac,t ·as. feedtng stimu~ants., ~i:110 acids either alone, or 'in-.coni-. 

binatio,;i .. with ,other chel!lical.s wer~ found to, stim1Jeiat.e fee4ing act:J.vity 

of insect.a (10.?) •. ·· Beel<, and ~nee - (59) founcl that -free. ami,no -acids i1;1~ 

crease(:1. the .. feediQ.g du+ati_o:n pf the. Europ,ean .corn. boter.. An "amino · 

acids receptor'' which. en!;lbles the insect, to· perceive these compounds had :c 

bee1;1 found. in Crµs·tacea.e, (108). 

St.1,gat,Conte11t of ~usc.eptible-and· 

Resistant -~ar~eyVatiet~es 

The cpmpositiOil of sugars in th;e resistant; ~nd·su$ceptible barley 

varie1:.ies. was <1etepnine4 qual,itativel,.y by. thi.n-:,b.y~r -chromatogr~.phy ._ 

Ribose, .. ~lose, fl,'.uctose., g:tµcqse, .ga1actose, s1J,cro·se and:1a¢tose were 

fo-und in ·al;l.- the va.tieties tes;ed. , There. was -no qua.litative dif!ere\'g.ce· 

b~1:.weet1 the. susceptisl>le ,.ari.d r1:?sii;tant yariet;tes, The· sa1D,e sugars were 

founli . in the g-reenbug.-inf est eel barley plantrs. The int.e'nsiti.es of the , 

ch:i:;:omatograms · inc:l:l,ca,ted :only slight di(ference. of ·concentrations .. between· 

u,ninfeste<l and -infested b;11leys ~ ,. Figµt;e 21 ,.i;hows a. ·typical, thiil..,.layer 

ch.~omatogrEµ11 of sugars of the. s~sceptible .aIJ.~ 'resistattt ba:i::l~y varieties! 



Figure 21. A Typical Thin .. iayet Chroi:patogram of Sugars of Un .. 
in;f;~sted Resistant and Su!3cept;ible Barley Va.rie,.. 
ties (Two Weeks Old) 
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Th~ total soluble .ca.rbohydrat·es pres'ent: .'in the pJ..a,tit ,e~tracts were . 

determined by. the phenol.,.,sulfuric. -acid met:h.od. T~ble vi;u: and. Figure 22 
' ' ' 

show the amount ·of, tot.a,l, sol,.µble. cc:1.rbohydrates in the resistant and sus

ceptible varieties and·· the changes .. dur;f;t;1g .grow.th.and greenbu~ inf.esta- .· 

tion.. In the younger plan~a, only small diff~-retices wer.e 'fc:n~nd betwe~n · 

the susceptible -and resistant Villrieti:e~; however, · in the older -pl._ants; 

the·susceptible varieties had pearly double the,amoun:t ·of\soluble car.;, 

bohydrate. than, the resistant • ones. Gre~11bug inf es tat.ion ·caused · a de-· 

crease. of soluble. carbohyc;lra:tes ·in. both, resistant and. suscept:i:b,le varie~ 

ties but ••. to a greater e~tent ,,ill. the. susceptible ,ones. 

Monosacqharide compositiqn·was determit).ed by gas"':".liquic;l cq:iropiato-

graphy. The monosaccharides were converted to.their aldit:ol acet:yl· 

derivat;l.ve~ before aµalysis, . The best resoluUlol)s · were obt~ine~ when 5%. 

ECNSS-M was use.d a$ sta.tio~ry liquid phase~ Typical chro~tograi:ns · of 

alditol ·acetates. ot monpsaQ.charides of Ut\infested Will. and ,.Rogel;".s varie.-. . . ' . . . . . ' . ' ' . 

ties (4 weeks <;>ld) are sho~ in Figu:re 23, The c6ncent:rati,on~ of mono-. 

saccharides in the.uninfested resistl=!,nt and'susceptible barley. varieties 

at diffeI;"ent gI;"pw·~:h peri:o<Js, as we;l.l as the greenb.:ug-intested pnes .. are· 

shown in Tables lX a~cl· x. · The clla.nges .of t()t:al mon<;>~acq,hari~e concen.

trations of,utlin:l;ested and inf~s1:ed·bartey dur;i,ng growth were plptte~, 

and al;"e shoWQ. in Figure ?4 •. Only'. elight ·gif :l;erences. between reei~tant; 

and susceptible va,rieti,es appeared in'the 1-week and'2-week _old, sample~. 

In contrast to the amino acid cqllcenttat:ion, the,concentra~io~ o;f s1:1gars 

in the two uninfested suscepti,ble varieti,es, Rogers aqd ls()genic B, 

started t(). i~cre,ase _ at the 3-week stage and it1,crease4 very ,.rapiclly at: 

th1;- period frqm 3-weeks to 4'."'weeks. The c;oncentration in one.of the 

resistan~ I varieties, Will, rema,:tned quite constaµt du.d,ng the growth 



·· Age of 
Barley 

1 Week 
. Uninf~ 

2 Weeks 
tJninf .• 
Inf. l Wk 

3 Weeks·· 
Uninf. 
Inf. 2 Wk . 

4·wee1cs 
Uninf. 
Inf.:, Wk 

.Will 

Uninf. , Inf. 

20.·5 

22.0 
22.5 

20.0 
22.1 

20.1 
19.6 

TABLE VIII 

AMOUNT OF TOTAL SOLUBLE CARBOHYDRATE IN UNINFESTED AND . · 
INFESTED RESISTANT AND SUSCEPTilll,E VARIETIES, .. 

· .. Rogers. .Isogetiic A 

Unin.f. .Inf. .Uninf. 1nf~ 

, _J-~/ -8. dry weight ) . 

22.5 ·. 12.5 

25~0 .. 10~5 
20.0 

25.0 ··,:.:, ., 

16.5 
16.1 

17~;1 · ... 

40.2 34.3' 
iiead ··.· .. 26.6 .. 

·-~·=-

\0 
\ . ._;i 



Figurer 22. .Change of Concentration o,f Total ::ioluble .Carbohydrates 
in Un:J.nfested and Infested Susceptible and Rests,.. 
tant Badey Varieti,es at DUferent Ages 

A. In Wi.U (-reshtant) and Rogers (s14sceptJble) 

~. ln Isogenic .I\ (resistant) and Isogenic; B (sllsceptible) 
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Figure· ~3. Gars-Liquid OhromatosJ:"aphy of Al4itol Acetates .. of 
·. Mon.osac::chal"ides on a 20 Ft, x 1/4 In. 5% ECNSS

M ColumJl ~t. 195°C 

A, MQnosacchar~des of uninfest~d Will (resistant, 4 weeks 
Qld) 

B. Monosaccharicles of uninfested ~ogers {!:lusceptible, 4 
weeks old) · 
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TABLE IX 

K>!IOSACCBARIDE COMPOSl'rION. OF. UNINFESTED . AND INFESTED.· WILL AND ROGERS VARIETIES 

Uninfested Infested 

Compound Will Ro1ers Will 
Age: l Wk 2 Wk 3 Wk 4 Wk 1 Wk 2 Wk 3 Wk 4 Wk 2 Wk 3 Wk 4 Wk 
Time.'Inf: -- -- -- -- -- -- -- -- 1 Wk 2 Wk 3 Wk 

( mg / g dry weight ) 

Ribose trace trace trace trace trace trace trace trace trace 0.21 · 0.12 

Xylose 0.32 0.35 0.19 0.17 0.52 0.38 o.26 0.18 0.22 0.17 0.10 

Fructose 2.90 1.38 1.30 2.78 2.32 0.30 2.32 9.72 0.56 3.24 . 2.64 

Galactose trace o.44 0.36 o.44 0.33 0.24 o.44 0.22 trace o.44 0.24 

Glucose 3.33 3.28 5.70 3.19 4.89 2.12 7.35 14.05 2.03 2.64 3.53 

Total 6.55 5.45 7.55 6.75 8.o6 3.4 10.36 24.36 2.81 6.46 6.82 

Rosers 
2 Wk 3 Wk 
1 Wk 2 W1t 

trace o.ar 
0.22 0.17 

1~52 5.4 

trace o.u, 

o.68 4.12 

2.42 9.76 

4 Wk 
3 Wk 

dead· 

dead 

dead 

dead 

dead 

dead 

.... 
0 
I\) 



Compound· 

lU.bose. 

X)rlose 

Fructose· 

Galactose 

Glucose 

Total 

TABLE.·X 

MONOSACCHARIDE COMPOSIT:ro,r OF UNiNFESTED AND INFESTED ISOGENIC A AND ISOGENIC B VARIETIES . . . . . . . . . . . .. · . . . -. ·.. . . . ··----, ... 

tJninfest~ . 

: Inf: 1.~ ~_;~;~~A ~.;~ ~ l~ twr~-~ _: 
. . 

{ mg/ g dry weight ) 

Infested 

.· lsogenic A Isolenic B . . 
2Wk·3Wk.4Wk.·.2Wk3Wk 4Wk 
1 Wk 2 Wk· ' 3 Wk .. 1 Wk 2 llki. 3 Wk 

trace . trac~! trace 0~21 . 0.17 trace, trace 0.18 trace trace 0~09 trace , o.16 · .. ·dead. 

.1.CJ7 <0~18 .· 0.16 0~60 o:42 o •. 48 - trace 0.1a ··. . o .. 48 0.4o trace o.41f o .• 16 dead 

2;.64 · .. 1.38 6.14 8.60 . 3.62 .· 3.50 5.2 15~24 .. 2.20 ••. ·2.62 . 5~62 . ·. 3.te' .2:76'' ·. dead 

0.22 0.33 •,. o. n . 0 .. 74 ..... · trace ' o.44 o.26 . . (h6} . . •. 0.22' .· 0.33 :trace trace trace dead .. 

6.95 . 2.70 3.28 12.98 
.... ··, .. , ,·:. .. . . . . . < 1.78 1.97 • 7 •. 46 29.35: :0.87.. 6sf .a~76 ···. ·. <5.99 . ~~.90· .· dead • 

9.96 . . 4.60 .· .. · -9.68 2,.13. 5.98 ·. '6.39 :: 12.94. 45~58 .· .. 3.77 9.93 iii:.48 ' 9.61: a.10 deacl > 

.... 
0 
'01 ·· 



Figure a4. Cllange of Total Mot1<:>saccharide Concentratipn . in un .. 
inf~sted and Infested Susceptible a,nd Resistant 
Barley V1;1.X"iet; ;I.es at Different Ages 

A. In Will (resht;ant) and Roget:'S (1:1lu1q~ptible) 

B. Iq, l,sogenic A (resistal;lt) and Iaogenic B (susceptil:>le) 
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pe-riod frolII. on~ to fo'1r wee~s. In the othe~ one, Isogenic A., the con

cent::tation of sugar.s inct;"ea,sed gr.adua.11-y. The concentratiens. in the 

4-week sample. were much bigher in .the sus·ceptible ·vat;"i.eties than in ·the 

resistant ··va;r;ieties. There. weie some decreases · of .. concentratiens ·in. the 

gree-p.bug•inf est eel samples.. Glucpse, and frµci tose wet;"e the mai.n 'components , 

in the monosacq.har;J.des. However, the cori.ce1:1trations 'of , these·· two sugai:s 

shown, in Table IX ,'Pd .x are .,approx;ima,te ·quantities, since fructose was 

detected as mannose (TLG. showiad -an api;Jence of mannose · f:r;om, the_ samples) 

and glucose in this ga13 c~romatograph:i.a. syst~ •. Re-9,:uct.ion of •frt,1c£oee 

yielded mannitpl and .gl(lcitol; and .. th4t ,of· glucose, glucitol. Equal. 

amounts of mannitol and .glucitol we+e.assUl'!led t::o have. resulted from . . 

fructose, and the~efore, the actual :amqunt of .fructose present in ;he; 

sample was calc,ulated as t'W'ice the amount of mannitQl detected; ancf. t::he. 

act:'qa.l am0,unt.of glucose, as the a1'!19Upt of glµcit<:>l detected minus.the 

aillOUnt of mannitol detected. Figures 25 and.26·sho.w·the. concentratiQllS 

of glucose and frµctose · in the samples. The changes· of .. concentra:i::ion111 ·. 

of .. these 2 sugars in · the un:f,.nfested re~ist<1:1,:nt and· .susceptible ba:t;leys 

duri,;ig growthas well as in th,e infested·plants.were.quite.comparable 

to those of.the tc,tal monof;lacchar;lde$ and.the total sol,uble, c~rl>ohy .... 

drat.es~ ';Che uninfest';!d susceptib!evati,~ti'e~ h,aci also much higher con~ 

centtations of gll,lco~e'an,d fructose than t;he '1P.infested resi,stan,t vart~~ 

t;ies, 

The effects.of ,sugars extracted fr9m resi,stant·and susceptible

batley plan.ts on the grQwth pf gr~el?,bugs a.i;e shown: i~.Figui;e 27. · The· 

greenbugs wex-e g;rQ~ on,mod:l.fied artificia,l diets ;i..n which pa1;t'of ;the 

suctose normally used was replaced wi,tl:i, equival~ntt amou1:1ts-of,sµgars 

extracted from Will ani;l'Rpgers,barleys~ Sugars·from bet;h'varieties ha,d 



· Figui-e 25• Change of Glu<rose Concet1,t1;ation in Uninfested and 
Infested R.esistant and Susceptible Ba,:-ley Varie .. 
ties at Di£fe;r:ent A$es 

A. In Will (:tesistant) anµ Rogers (susc;.eptible) 

B. In Isogenic A (res.istant) and Iaogenic B (susceptible) 
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Figure 26. Change· pf ;B':i;uct.ose Concent;ration in Uninfe1;1ted and 
Infested R.es:i,E1ta~i and Susceptible Jlarley Varie .. 
ties at Dif fe;ep.t Ages 

A. In Will (red1;1t;ant) and Rpgers (susceptible) 

B. In I1;1ogenic A (res~l!ltant) and l:sc:,gep.ic B (susceptible) 
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Figure 27. Effect of Sugars Extrac;:ted from Resistant;: and Sus-, 
ceptible BaJ:ley Va:i;;i.eties on the Growth of Green
bugs Fee4ing on Artificial Diets for Twenty Days 

Alphabets represent the following: A.= s~ars from WUl 
(resistant)., B = sugars from Rogers (sµsceptible)., Ott= control. 
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a stimul.atory effect .on g+o:wth and iepr.oductiori o~ the g:reenbugs; ·how ... 

ever, the eff.ect;: caused by Ro.gers was greater than that caused by Will. 
I' ' ' , 

'rhese results gave a st;ong indication that the differences in sugar 

may alsc;, play a role in greenbug resistance it:1. barley varieties. It is 

evident th.at sugars are requir,ed nutriet1ts for tne greenbug. Since, in 

the.artificial d:i,et foi;- the greenbug, a·very high. concentration of su-. 

erase, 35%, was needed in order to obtain 1optiml.llll growth of the green-, 

bugs (89). Carbohyc;lrates have been .found to be important;: ;also in th.e 

growth. of Trogodenna granarium (109), and fecundity of Lam~et±a ·• e1guesttis 

(F. ) (llO) • ' 

Sugars·may also be ehemical feeding requirements which act'as 

phagostimu,laµts ~ Insects feed:lng oq ,.plant$ were fou.nd to be able to 

perc;,eive sugars, A "gl..qcose t:'eceptor." and a "sucrose receptor'! was 

found in the ma.xillat:'y palpi·of .thEI silkworm (111). 'J;hese two sugars 

had considerable f:lignificanc.e in .. the regulation oJ feeding in this .. in-

sect·. 

In studies of resil:ltance .. pf .pea: varieties to 'pea aphids, Ma,lt;ais · 

q.11d Auclaii;- (62). fou"Q.d the sugar coqtent of the resi.Stant varieties were 

higher than :ll;l the susceptible va-:rieti,es, They. conc;.:J .. qded that sugars 

woµld apparently be .considered unnecessary or slightly uUlizabl.e sub ... 

stances for pea ·aphid develop111ent~ However, the nutritional requirements 

of tbe pea aphid may not·. necesf:larily be the same as of the greenb1,1g. 

Organic .. Acids of tl).e Resistant and 

Susceptible Barley Varietie$ 

The composit;ic;m of organic acids in the resist;:~nt and suscepti'lile 

barley varieties was determi.ned by thin.,...;J,aye:t' chromatography, Figµ:te 2$ 



Figure 28. ·.. A Typ:lcal 'J;'hin"!'Layer Chromatogram of Organic Acids 
.of Uninfested SU:scept;ible and Resistan,t Barley 
Varieties (Two Weeks O:td) · 

Numbers represent the following:. 1 = aconitic 1;1;cid, 2 = 
succinic acid, 3 = malic acid, 4 = citric acid, 5 = ta+taric 
acid, 6 = quinic acid. · · 



01 0.000 1 

··100000 2 

....... 

1 .. 
.-I .. 
.-I .. 
\0 

f 0 ·o o o o ·O 
"O ! G O o o o · 
I GJ O o 
g 
"' .µ 

o • 0 O O O 
Std. Will Rogers Iso .. A Iso-B Std. · 
Mixt. Mixt. 

115 



. 116 

shows a typical cb,rqmat;:ogralll: of tb.e ·Qrganic::. acicls. in 1.the Ul).infested 2-

'week old barleys. Qualitative cliffer.enee.$ wete not found between the 

re,istai;it ancl susceptible varieties, and.·judgi:i;ig :el:'omtlie.int~sities of' 

the·• cl:l.ro~togra.ms there wei;e als.o ·no .. quantitat,ive differenc;es. Aconitic .. 

acid, succinic, a~id, malic ac,id, ,citr:i;c acid, tartaric acid an.d · quinie ... 

acid, were found,. in Will a.nd 1Rogers . barleys; .however, .. tartaric aci4, wa.s 

not ·detecte~ in,Isogenic.A a.nd Isoget;1ic,B, ~alic aci4 appear.ed to. be the 

maj9r cempone:i;it ;l.n al,l·vai:;ieties •. The same o;ganic 'acids were detect;ed 

in the greenbug-;i.nfesteg plat!..tS. , Ne;> significant ~ifference in organic, 

acid. coticentrl;ltion between .. the infested ancl ·uninfeste(i ·l:>arleys was ob"".' 
• ·, f • -. ,, • ' • • • 

seryed since. the de1p,sity of .·the ch:i;-o'JlU:l.togra.ms appearecl to ·be. similar~. 

Therefore, the organic. acids are, un.liltely .. tQ :be impor:\:ant. :i,n influencing 

the suseepti.bili.ty or reeistanc:e· o:f l>arl.ey t::o., greenbug. attack~ 

$ecretione of Green.bug to.the Host Plant'Dul;'ing ~eeding 

Three radiqac·ti:ve su.bstan.c~s were faun~ by a1Jt9ra,diography on. the 

thin-layer-chromatograni of,tqe sugar.fractionJrom.p;LAnts·that·ha.d, been 

infestecl by radioa.c~iye greenbugs ! · On:ly one ra,d,ioactiye substance was· 

foqnd in the.amino aci(i fraction of these.plant ~te:r:tals~ The :r;adio-. 

active coillpou~ds in th~.s1,1gar fraction were identif:1,ed as suc+ose, 

galactose anq eryth-:rose, ari.d the one. :l,n 'the. amin,() acii;ts frac tic;>n, ¥as 

identified :as L":'cysteic acid.'.Qy additional thin-:iaye,;:chrom,tC>g;raphy~ 

Identificatiops of these,conipoµrrds by thin,..layer chro:JAat<?~raphy at:e' 

shown in Figures.29·and 30. The sucrose·and. galactose'Jt1ay originate 

from the plant'in,which the~e two sugars wet'e al.so present; Erythrose 

was not found in t;he,plant; however, ·it may 1:>e a 'product fl:·om the degra ... 

dation .of gluco~e b. present in the plant in great .. a1I10Unts, Cysteic "acid 



Figure 0 29. Two~Dimensional Thi~ .. Layer Chromatogr~m o! :B,adioiictive 
Substance. ,in the Free Amino Acids Fraction and a 
Stal;ldard i!, .. cysteic Acid 
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Thin:..L~ye1; ChroTitatosiam of Radiqact!ve. ·substances 
in.tbe·Suga1: Ji'raction ai,.d Standatd Sugars· 
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was Q,Qt found in the·, plat;it, but it is, reporte4 .in the literat1,lre,,Cl12) 

that cysteic.acid,cali bl;i formed fr.om cysteine~ and cy,steine·from.methion ... 

ine. 8Qth, methionine Elnd .c1ste,ine :wei;e, .. founc;l in the b~t1'3y p4nts at1d 

were use(l in the artificial ,diet if~z: tb,e · greenbu.g ~- · '.Cllerefere, it might .• 
' . ' 

· be S\lggested that cystei~ acid was formed from metl!iioniq.~: and cysteirie. 
' ' . 

by the greenbug and ,.sec:.reted into. the plant .:d1:1ring ,:feeditig •. The. effect . 

of -cysteic ac·icl on plant is not ~nown ~ I,U9ft, (ll3), fc;,und 'the aminQ , 

acids, s+Yc~t1e, alan~nei asparagi"Qe an4 glut:amic acicl in the'saliva.of· 

the aphi4, M.•: asca.lonicQs, and -attrib,utecl h,c,st' injury, t;.o ·.these amino . 
. '. . .· .... 

acids. Th~ piercing of plant, s<:ells by tt,ie sty.le~~ of t;.b~ aph,ids-was 
. ' 

found. ,to ,cause a. slwrtening of • the U.me . of plasmo'.\.ysis in c:.ells lying 

cloE!Je to .. the point; .of injecti.Qn and an ,increase of st1;eaming .it!. the, cell. 

. ' 

the )u:d,no acic:ls in the aphidf,' saliva. Feeding .of· these ce:;,mpou~ds; to. 

uninfested -plants caused som~, disturbaI!-oe 9f, wate.r uptaltELaQ,d trElsJ;>.ira ... 

tion, The presence ·of .J~m;h10 ~cids has also beeil confi~ed' in .-the saliva 

of other aphids - (114 ,11:S) ~ · 

· ConeJ.usions 

Inform~tion obta:ln~cl ·from this inv.est,igat:1.on suggest s~me getle;al · 

cc;>nclusions ab9ut · th~ factol:'s whicll may, be involved ill ,greenl;nig resist- .. -
. ' 

' . 

ance, in. the. barley plant:,- and the e{!ects of -the greenbug on the host 

pl,ant~ 

Q\lS~titative differences of the volatil.es between sus~ept:lble i!nd -

resistant varieties. ind:leat;ed that p:e-eference,. and:.non,,.pre:fereJ1ce -may be 

one of .the mecha:nisi;n, :l;o~ gi;:ee~bug, resis~an~e ill _b.in:-:J.ey. Susceptible 

varieties i;ni.ght /possess high concep.t:tations, of vo,l,atile ch,emical att:ract-
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ants and: lc;,w concentrattons of.· repellents while the re1dstan.t varietie~ 

may.contain high co~centrations of re:pel.I,,enta:qd·low conpentratic;,ns. 

attractarits. The volat:f,.:l.e componen~s whi~h diffe~et;\ · qaanfit~tiyely .. ill, 

susceptible and .resistallt variet:i.es were not. idetl~i{ied :i.n this inve.sti..,. ·· 

gat:i.on! 

The higher c.oncentt;atioll8 of freeamino.iacids and'sugars .found in· 

the •susceptible va):;'ieties s.uggest that;. nutrit:lonal .factors ~¥ b~ .in~ 

volvedin r~sistanc~. · Free amino ac:i.ds and sugars may;be required for 

the nuti:-it:1,011 of tll.e ·gt'eenbug, :Poqr grc;,wt~.- of greenbugs <'>'IJth~ res:f,st- .. 

ant varieties. may 'be caused by the, low cc;,ncenttations, 1p£ t'b,ese .. nut;rients · 

in these varieti·e1:1. The. balance between these twr;,. groups. of compounds 

as well as th~ balancfi! with.in a ,~dngle gro11p, espec:i,ally amitio acids, 

ttdgh~-a:l.so be.impo1:1;:ant, Sugars.al\d amino:aeid.s may,have synergistic in~ 

terac tion. .. A plant' ~Y thelf'dPi::e, el.ici t ~re intense -sensory reac t:l.oQ.s . 

in an-, ineect ·thall me~ely. the sum ·of. the reactic;,ns, .to ;each· ef. its co"9-

stitue-nts.. Ma.:l,,t~;Le and Auclaii:1 (62). found a ,relat.:i.o,;iship 'between the 

rat~o of tot.al sugar ~o tota,l'nitrogen in the,pea. plaiJ:t,:and· pea;apqid' 

rl;!.sistance.' Sµgai,'s .and ,amino ;acids. mayJalso act. as chemical feeqing 
. •' . . . ··. 

requi:remente. as · well as .. being nutr::l.tiqnal . requi1;em,nts ~.. . "Sug.a:r receptor" 

and "amin9 aci4 r,ec~ptoll'..'' · a;e kn<:>wn · to be· prese~t: in s~me i-nsects ~ 

!t :i,s c:loubtf.ul :i.f tlie' p~e$ence, of toxic', substances' in) the re.sistant ,\ ', 

bar:J,:ey can b~ ilJ.VOlved iU.. greenbug resistance, S:l.noe gteenbugs can feed 
; . '·· . . . ' ' ' 

OJ.l. the re~ist~11:t va:r;il;lty for a· pe;riod ·.of' time and, occastc;,nally matl;lre on 

the'. resiata1;1t J>l.an~s. · Th.ese greetlbugs may have :i::-eduoeci. si2:e -·and f ~cun~. 

dity, bµt it· would .not .appeax to b' the: result 1of poisons. A1,u;:lair (1-16}. 

sho~ed · that· pea .aJ>hide feeding : on' ~esistant .··pea · varieties were cqmpa,r"." ·· 

abl,e with aphids starved f'qr 10 hi:,urs dailr,. and' ~isp:i::-ovect the hypothesis . · 
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that s1,.1bstances to:x;ic to'aphid.are•present in the'resistanthe>st. How-. 

ever, Todd et al. (118) demonstrated the to:x;icity of phen.c,1:f,c artd flavo~ 
~·,~' 

noidcoi;npounds to the,greenbug,and suggested the presence of these c::.om~ 

po1;1n<ls in barley plants may be involved intheresistance of soi;ne barley 

varieties .. to greenbugs. 

The sttinting effect on host pl1:1nt1:1. caused by greenbug feeding may 

result from the removal of essential food, water and minerals from the 

plai;it. Redu1:rtions ·· of sugar and free amino acid concentrations· it). sus":" 

cepJ:ible barl,eys resultiI\g from g:reenbug infestation were observed ,in 

the present .investigation.· Carter (117) had also observed depletion c;>f 

carbohydrates.in the plants following aphid infestation. Depletion of, 

carbohyclrate causecl.the reduction of ,:root yield, and this -was.suggested 

as the main cause of the eF1,rly wilting .of plant attack.ed by aphids, The 
. -·-~ 

secretion of substances whicb,inay,be toxic to plaJi!.t,~:rowth into the 

plant by.the aphids c;luring feedit1g remiiins as another possibility for 

the aphids stu,nting of host plants~ Ma~ell and Painter (99) proposed 

that the stu.p,tdng effect in the plattt might be ca1,1sed by the reducti()n 

of critical levels of plant hormones.extracted and excreted by aphids, 

during feeding, King (100) suggested the stunting effect wa.s caused by· 

the drastic ,increase .of "free" auxins in the st1,sceptible pla.nts'follow..

ing infestation. These two hypotheses would seem unli~ely since .the 

present iµvestigatic:m indicated that .auxin levels in both, of the· sus-

ceptib:l.e and resistant varieties increased following greenbug infestii-. 

tion, and the ,increases 9f "free" au:x;ins in the,suscept;i.ple varieties, 

were not signif.icantly: different from those it;'!. ,.:resistant, varieties. 

This.proposal of mechanism fo:t; the g:reenbug resistance in badey 

plants is in harmony with Kennedy's "d\.l.al disprimination'' theory (14) 
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which suggest~d ·· that, in ~dditi9n to specific st;-imulatory ' s:Ubs~ltce's of 
. . 

no, nutritive.· value which govern botanical ·preference~~ 'pri~ry subs:tan<res 

such as aI!lino -actd.s wh;ich are of nut:.ritional,impoftan~e to plant an~:in..; 

s~ct alike,, also played a major rqle in aphid..;host; re'lations ~ 



CHArTER··v 

SUMMARY,. 

Qualitative artd quantitativ.e comparisons of chemical substances 

~is ting in the .. greenbug'"'."resistant · anq susceptible varieties of barley 

were ~de in o:r.der. to charact;er,ize the differences between these. two 

varieties. Volatil,.es were collected by steam distillation 9f.the barley 

leaves. Gas-liquid chf(;)ma,tography and gas chromatography,mass spectro

metry were employed for the separation and identi'.fication of the compon

ents. More than 40 compoun.ds were observed. No qualita,tive dif;eerence 

of these compounds was found between the, susceptible ,and 1'.'esistant .. 

varieties; however, quantitative differences were observed. 

Hydrogen ic;:,n concentrat;l..ons pf cel.1 saps from several varieties of 

barley were deterniined, but no sign:i,fiq.ant difference was.obtained 

between the resistant and su!:J¢eptible varieties. Water content of the 

barley plants was aJ,.sCl det.ermine(l, The· un;Lnf.ested •barleys were not 

signi,ficant:ly different; but the greenbug..-infested su,saeptible varieties 

had re(luced water content fc;,1;1.owi;ng greenbug infestation. 

Cemparisons of the "free" and "bound." incl.ol.el!i! of the. susceptible, 

and resista11t barleys were also made, Thin-layer chromatpgraphy aiid 

gas liquid chroinatography were· used for the analyses. Qualitative and., 

quantitative differencea were not fo1,1nd between the two .varieti'es. The 

greenbug-infested plaiits had increased c;.oncentrations of inda.les ~· 1:>ut 

the increases .were als·o the same f9r the 2 varieti:es, 

125 
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Free a111inq acids were ext.racted fr.om the plant· wtt'ti 8.0% · ethanol and 

purified through a .cation-exchange colti~. · Thin layer chromatography 

was,used :for qualitat:i.ye deter.minat;ion. The qu.arttita.tive cpmpositions 

were deter.mined by automatic :~tllino acid at).alyses. Only quantitative. 

differences were found between susciept:ibl,e aµ.cL resistant ivarieties. . The 
' I ' 

susceptible v1:1.rieties ha.d much higher conce11trations than the :r;esistant • 

varieties. Greenbug ... infestecl. stis~eptible varieties showed a sharp re-·. 

duction of free amino acie;ls. 

Sugal:'s were extracted with 8.0% ethanol arid purified by eluting 

through a11 cation-;exchange column connected.to an anion-exchange column. 

Thin ... layer chromatography showed no qualitati'7e diffe:rence•between the 

resistant and susceptible· varieties, but gas,,.;l,iquid ·chromatography .in.., 

dio.a.ted that 'the concentratipns qf su.gars were· much higher irt the sus

ceptib+e varieti.es than in the :resistant varieties ·in .the more mature 

plant,s. Greenbug-infested susceptib.le varieties were alsq found to have 

decreased a'\11,ount·of .sugars • 

.!\nalysis of, the .organic acids of the res.istant arid susceptible, 

var:i.eties by thin-layer chromatography did n,<;>t shqw any.qualitative qr 

quantitative difference between · the two .. vatietie, • 

Secretions ,.of greenbtigs into the ·host 'plants .. during feeding were 

studi~d by radioactive tracing tllethod. Three sugars and orie amino acid 

were detected by thin-layer clirom,atography and'autori:lrdiogri:tphy. Effects_ 

of some of. these compounds Oll, plan,ts ane not known. 

The mechanism of green,bug resistance in barley plants is s4ggestecl · 

to be preferen~e' and non.,,.preference caused by tli;e difference. of concen

trations of volatile components in the resistant and susceptible varie..:. 

ties, and malnut;rition owing .to the low concentratioI1,s , of the nutriimts 
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such as amino acids and sugars. present in.the .resist:attt'vat:ieties. The 

balance between the f reia amino acids and sugars may also be importa.nt 

in resistattce in barley to the.greenbug. 
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