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ABSTRACT

by

J. II. Apablaza

SOME RET,AT]ONSHTPS BETI,IEEIII ÎHREE SPECTES OF APHTDS

AND THREE CEREAL GRATNS

Effects resulting from the feeding of the greenbug, SchizaphiË

sraminrrm (Rondaní), the eorn leaf aphÍd, Rlropalosip_hum ¡oaid:h (¡'itcn), and,

the English grain aphid, Maçrosi.phun aveeqe. (Fabrieius) on Parkland barley,

Hordeqs vul-gare- L,, Selkirk r¡heat, Triticun aestivun L., and Rodney oatso

Aveng sativa Lo, were studied at different stages of plant grol*bh in

growbh eabinets,

The greenbug proved. to be the most harmful to young seedlings of

all three cereals, because it killed them more quickly. The English grain

aphid was about as destructive as the greenbug to older plants and also

caused larger reduct,i.ons in yie1d" The corn leaf aphid r¡as the least d.es-

truetive aphld on Parkland barley; it did not suecessfr:}Iy establish on

wheat and. oats.

Seventeen varieties of barley, that had shoinsr some evj.dence of re-

sistance t'o apbids, lùere tested in the field against the greenbug and the

corn leaf aphid. Poor weather eonditions ruined marqr of the replicates

and t,hus only parts of the data r,rere of use.

Experirnents r.tere done in a growth room to evaluate the possible in-
fluence of change of hosts, lncluding Swan barley, Parkland. barley, Selkirk



r¡heat and Rodney oats on the reproduct,ion of the three aphid speeies men-

tioned above' The greenbug and the eorn leaf aphid showed a lower fecun-

dity when reared, during nymphal lifoo on r¡heat and oats, regardless of

the hosts on which later reproduetion took place" The number of progeny

produced by the greenbug qras reduced r¡hen it reproduced. on wheat. The

corn leaf aphid had a lor¡er feeundity uhen transferred. to oat,s and r+heat"

No eonelusion was reached concerni¡.g the reproductfon of the frrglish grain

aphid, possibly due to a behavioural faetor.

the same aphid speeies were afso allowed to choose freely among

hosts of swan barley, parkland barrey, selkirk wheat and Rodney oats in
the gror'rbh roon. The greenbug and the Engllsh grain aphid showed no spec-

iar preferenee for ar4y of the hosts, nor did their two norphs, winged and

wingless sunmer viviparae, differentially settle down on them. The corn

leaf aphid shor.red a preferenee for barley, and this preference was es-

sentially the same for winged and wingless females"
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CHAPTER T

TMNODUCTTON

rrThe strugglo between tsan and insects began lorg before the dawn

of civiJ.izationn has continued without cessation to the present tine¡ ad

wLLl continue, no doubte as long as the hunan rac€ €r¡dures,rr (Forbeso 1915).

Metealf g[ g}. Q962) stated: u" o . rrsnls advanejng civillzat,ion

has in InarÐ¡ wayË made him nore vr¡-lnerable to l¡eect att,ack" Modern agrl-

ct¡lture r*ith itE vast eontiguous plantings of standardized crops offers

optfmun condltious for the development and spread of eno::nous populatlone

of destructive i¡¡sects " , , The aceumulstion and storage of millions of

bushels of farn srrrplus graln has enabled the stored-produet lnseets to

nultiply on an trnprecedented scale. Mountainsn deser.tsn ad oc€ans -
geograpble barriers whlch have restrict'ed the dispersal of inseets since

tine began - have lost much of thei:r effeetivenees beeause of modern air
transportation.tf

thus, the so-ealled "balance of naturett has been distr¡rbed by man,

whose product'ion of food and flber has resdted from necessarily ecologi-

cally sJ-mplified crop systoms, the nultípllcation of inseet pests has

been a consequenceo

The apblds or plant lice (Hornoptera; Aphidldae) are one of the

naJor inseet enemies of nan because they cause wlltfng, distortiono stunt-

ingr discoloratj-on, defollation, damage by honeydew excrotion, the fo¡na-

tion of galls and pseudogalls, as r,aell as transmittlng diseases to

valuable plants.
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The problen

The purpose of this stud.y r.¡as to examíne and elueidate the rela-

ti-onships anong three species of aphids, the greenbug, Schizaphis qraninun

(Eondani), the eorn leaf aphld, Rhopalosiphum maidis (¡'itcfr), and the Eng-

lish grain aphid, Macrosiphr¡m avenag (Fabricius), and varieties of barley,

Hordeun vulgare L., wheat, Triticu¡n aestivr:n L., and oats, Avena sat-Lvq L"

At the International Great P1ains Conference of Entomologist,s (1964)

mentj-on r¡as made of the lack of information on losses caused by aphid.s to

field crops and especially the problem of the extensíon entomologist who is
asked to advise the farmer as to whether or not he should spray his crops

for aphid control, These probleras were the basis for setting up ex¡leri--

ment's to evafuate the effects of the above rnentioned aphlds on Parkland

barley, SeLki¡k r¿heat and Bodney oats, at different stages of plant, growbh.

the length of ti¡ne required. by the aphids to kilI seedlings and the effect

of the aphids on yieId, wero also used to evaluate the degree of resist-
ance, mainly toleranee (the ability of the plant to withstand insect at-
taek) e¡rhibited by the plants.

An attempt was made to test seventeen varieti.es of barley in the

field for resistance against $. graminum and !, naidis, These varieties

had al¡ead.y shor,m some antibiosis (the adverse effeets on the biology of

the insect resulting from feeding on a resistant host plant) in previous

tests (Belvett r 1965), Swan barley r^ras used as a check, because it is tbe

variety used in the growbh room on r¿bich aphids are reared..

One question of technique is very Ímporbant, namely nto what ex-

tent the previous host of an aphid affects its biology?rr To ansrEer this
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question a set of experiments r¡as carried out in which the rate of repro*

duetion of the greenbug, the corn leaf aphid and the English grain aphid

was n€asured after they had first been cultured on and then transferred to

each of Swan barley, Parkland barley, Selkirk r¡heat and Rodney oats" The

nu¡nber of progeny produced per adrlJ.t aphid. during a gj-ven peri-od' of time

is commor¡ly used as a reliable neasurement of insect resistance (anti-

biosis) Ín plants.

]n order to eonplement the previous investigations an experiment

was designed. to aIlow the aphids to choose their hosts from among the four

above nenti.oned eereal grains" Tbis has been called rrpreferencert e¡ rr¡6¡-

preference't (Painter, 1951)'

Importanee of the studv

Undoubt,edly inseet control is one of the most inportant ai¡rs of

Entomology" It has ordinarily been divided into tt¡o maj-n branches: natural

and applied or artificial eontrol. Natural factors acting as checks on

insect populations are clinate¡ p$slcal barríers, insect predators and

parasi.tes¡ and insect diseases, over Hlxich nan has no cont,rol" Applied or

artificial eontrol includes the use of chenical compounds, nechanical and

physical neans, cultural measures, biologieal control, and lagal D€astrreso

At present, chenical cont,rol 1s tho nost efficient treasure used by

rnan to lessen insect danage and to combat inseet outbreaks, especially

since World War I1. However, its use has also resulted. in some detrimental

effect,s: hazards to maurmals including hunan beings, appearanee of inseeti-

eid.e resistance in insect pests, ad.verse effeets on populations of benefi-

cial insects (insect pollinators, insect predat,ors and parasites), and
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general disturbance to wild life, The integrated. eontrol concept has

brought a ner,r outlook on how best to control pests by combining and in-

tegrating chemical, bíologi-cal, and natural methods"

According to Beck (1965) ¡tsuppression of pest populations through

the use of resistant plants has long been eonsidered. to be the ideal con-

trol method.rt Even if complete elimination of the lnsect pest is not at-

tained but enough is done to keep it under the eeonomÍc threshold, inseet

resistanee in erop plants should be eonsj-dered. excellant, having in mind,

that j-nseet eontrol is not aj-med at prfmarily kilIÍng inseets, but at in-

creasing the quaatity and irnproving the quality of fiber and food.

Despite having achieved some progress through the use of insect-

resj-stant plants, the basis of resistanee has proven to be very conplex

and not exactly knor¡n, inlorkers such as Beek (1965) estinate t'hat "tire

rate of progress realized will be closely correlated with the rate of ac-

cunulation of fur¡daraental biological and biochemical knor¡ledge concernlng

the eomplex interaetions betr,¡een insects and theír host plants"tr

The aims of the present study have been:

(1) to supply i-rrforrnation on damage done by the greenbug, the

corn leaf aphld and the English grain aphid to barley, wheat and oats,

thus belping the extension entonologist and the farner,

(Z) to verify in the field the resj-stance shom by plants

under artif icial eonditions,

(¡) to find out r,¡hat influênce if ar¡y the previous hosts have

on the aphids under study¡ and

(Z*) to learn more about host, selection (preference or non-

preference) by these cereal aphids.



0rsanization of the thesis

Literature concerned with aphids is revier¡ed in Chapter IT. It

covers: the econornic importance of each aphid, espeeially enphasizing

their role as vectors of plant virus diseases, ad the fundanentals of

aphid resistanee in erop plaats, ineluding host selection, antagonistic

effects of the plants on the biology of aphlds, kínd of damage caused by

aphids, and the relative sueeess of uslng aphid resistant varieties"

Chapter III explains the naterials and nethods used" Chapter IV

ineludes the d.ata and d.iseussion of tests made to evaluate the effects of

the three aphid speeies on Parkland barley, Selkirk r¡heat and. Rodney oats

infested at various stages of plant growth"

Chapter V deals with attempts in field t'ests to select barley

varieties resistant to the greenbug and the eorn leaf aphíd." Reeults of

the effect of change of hosts on the reproduction of $. graninurn,

&. nai.dig and $. ave-qeg are shor¿n and diseussed in Chapter VÏ.

lests on preferences anong fou:: hosts by all three aphi.ds are

presented in Chapter VII" Chapter VIII contains the surunary and conclu-

slons"



CHAPTi'R T1

REVII]hI OF THE LTTEP,ATURE

The three species of aphids, the greenbug, Schi_zaphis graminqn. (notr-

dani), the corn leaf aphid, FhopelosiBbua naidis (nitctr), ancl the English

grai-n aphid, Mqcrosiphr¡n avenge (Fabricius), have been considered pests of

small- grains for many years. Sanderson (t9t3) included the greenbug and the

English grain aphid among the insect pests of small grains, and the corn

leaf aphid among those of corn. Peairs (I9/+I) mentioned all- three aphids as

insects injurious t,o grasses and grains.

Ecq¡qn:Lq fuportance of the aphid€

The greenbug, also previously caIled the spring grain aphid, uras

first recorded. by Rondani in 1852. Patch (lgl9) reporLed sixty-two speci-es

of Gramineae as hosts of this aphid, Metcalf et al. (L962) inilieated that

many grasses, and all the smal-l grains, serve as hosts" I(elley (191?)

pointed out that a coof r,¡et su¡nmer and early fal1, a mild r+inter, earl¡'

spring l,iarmer than usual, and late spring cooler than usual preced.ed des-

tructive greenbug outbreaks, That sequ€nce r¿ould provide exeeptionally good

conditions for this aphid and at the same time minimize the control exerted

by predators and parasites (Glerur, I909t Hunter, L9@tl¡Jebster and Phillips,

l9l,2; Davis , l7L+; t,Jadley, I93L) " In the Uni.bed States there have been f i-f-

teen serious outbreaks since thls aphid r¡as first reported. in 1882 (Dahms et,

al-" , L955) " In certain years of severe infestations fosses have been esti*

mated at more than fifty milJ-ion bushols of grain in the Central and South-

western States (l,'iood, 1961b). Peairs (l9/+I) pointed out that the greenbug

is the most destruetive of the aphids attacking smaLl grains in the United.



States. Little (1963) mentioned this aphid as one of the most destructive

pests of wheat and other small grains in the southl+est of the same country"

i"letcalf et a]. (lg6Z) mentioned that in some years the damage has amounted

to 25 per cent of the wheat crop and estimat,ed that the greenbug possibly

eauses a loss annually of from 1 to 3 per cent of the r¡heat crop of the en-

tire r,¡orld. Bruehl (tq6t) stated: ¡rÏt otres much of its destructiveness to

its ability to develop under cool conditions when the hosts are small, to

its unusual feeundity, to its reluctance to disperse, and to a toxie con-

stituent of its salivary secretions.rt Chatters and Schlehuber (lgSt) stu-d-

ied the mechanics of feeding of this aphid on Hordeurn, Avena and Triticr:¡û,

observing that an increase in number of greenbugs on a host plant eaused a

damage tending to increase geonetrieally due to competitíon for availablo

vaseular tissue, that the injectj-on of sal-iva appeared to be the pri_mary

cause of tissue injurye and that the effect varied from lysis in Hord€um,

to cell-wall modification in Avena, to a combination of lysis and eell-r,¡all

modification in Triticr¡n" lvlaxr,¡el-I and Painter (1961 , L)62a, I96Zb, Lg6zc)

reported on some of the auxins exLracted by the greenbug while feeding,

Dairms and lnlood (7957 ) found that even small- infestations of [. graminutn on

smal-l- grains caused a measurable reduction in yield. l¡ihitehead and Fenton

(195C)rby means of aerial photos of greenbug-infested grai-n fields in Okl-a-

homa shov¡ed many chl-orotic, heavily infested areas. Orbman and Painter

(1960) measured the d.amage caused. by this aphi-d to four r+heat varieties

quantitatively and found that the root systems and above-ground plant parbs

were al-most equally damaged. Kantaek and Dahms (tçSl) ind:-cated that the

injury symptoms caused by the greenbug to Pawnee wheat, Tenkow barley and

'¡fintok oats appeared. much earlier t,han if they r,'ere infested with apple
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grain aphid, Rhopalosiphrm fitchii (Sanderson), that plant;s infested with

greenbugs became more susceptible to frost damage than uninfested plants,

and that this aphid, caused a marked delay in formation of tillers. 'dadley

(DZq) found that this aphid decolorised ehlorophyll and that Ij. avenae_

and !. f itchii couLd. exist in large nurnbers on a given host r"¡ithout causing

much visible damage, but ihat an equal m:mber of greenbugs would kill the

p1ant" The decline of young host, plants supporting a heavy population of

greenbugs can be so rapid that wingless morphs and nymphs die in the field

before they are able to r¡al-k the distance to ner¡ host plants (t<elley, L9L7)"

The corn leaf aphid, RLiopalosiphurq mS,LdLS¡ was described by Fiteh

in 1856" The biology of the corn leaf aphid was studied by i'Iildermuth and

Walter (1932) who obtained. males in the laboratory. Eastop G955) and Car-

tier (L957) have also reported the production of males, Ilowever, reproduc-

tion in nature appears to be entirely parthenogonetj-c. Metcalf et aI.

(L962) among its hosts inclucled sorghums, corn, barley, sugar cane, Suclan

grass, and many other wild and cultivated grasses. It prefers to feed in

the r¡horls of its host plants, and, according to Brueht (L96L), barley is

its preferred host among cool season eereal-s, Robinson and. Hsu (1963)

foirnd that it preferred Hordeun vulsaro and Echinochloa erusgal-li" Adams

and Drew (1964b) also found that Horder¡n was its most aceeptable host, and

on Triticum ít did not reproduce and had a shorter life-span. l,ilild.ermuth

and r¡'lalter (:)32) reported it to be less frequent on oats and wheat. Adams

and Drew (tg6/*a, L965) observed its occurrence in small sporadic numbers in

oat fields in New Brunsi¿ick. l,trells and McDonald (1961) indieated that

healy infestations of R" na:kllq severely injured barley at early stages of

plant growlh. Robinson and Hsu (fgf) were not able to rear this aphid on
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plants of Zea mays less than thirty days olcl but old-er plants often became

heavily infested. They al-so noted that thousands of acres of late-seeded

barley r¡ere destroyed by this aphid in 1955 in',¡lestern Canada. Bruehf

(196I) reported its preference for the tassels of corn and the inflores-
cences of sorghum i.rhen they begin to emerge from the whorl. lriej-swander

and rriplehorn (1961) suggested that large numbers of aphids may cause the

tassel- of corn to faiL to open or prod,uce pollen. Everly (1960) found

that there was a correlation between losses in corn yield (as high as 40

per cent in rnany fields of rnd.iana rn 1959) and the percentage of plants

inf ested r"rith corn leaf aphid. I{owitt ancl Paint er (Lg56) observed that
this aphid may sometimes be a serious pest of sorghum where it begins to
feed in the whorl and may injure the crop by hindering the exsertion of
the head from the boot, ivtcColloch (tgZt) and Ali (1950) found. that heads

of sorghunrs supporting large numbers of aphids produced a small quantity of

seed of low vitality. losses as high as 33 per cent in weight anci Je ps¡

eent in volwne were cited by McColl-och (fçef) " Its sticky excretion of
honeydew on the grain heads encoürages the growth of nolds which loi,¡er the

quality of seeds, reduces shedding of pollen, and attracts the eorn ear-
worm moths (Cartier and painter , Ig56). It also causes a reddish discolor_
ation, often folIor,¡ed by rotting and decay of the stalks (tuccolloch, 1;gZL;

Hayes, 1922: Ali, 7950). Branson and simpson (l966) reported that over_

crowding of the corn leaf aphid on sorghum plants caused a reduction of
focund'ity and that a higher percentage of alate forms developed on nitrogen
deficient plants, BruehL (1961) mentioned that the aphid normaÌly migrat,es

in summer from sorghum to corn or barley.
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The English grain aphicl, Iulaerosiphum_ avena.e, was described by

Fabricius in 1194" lvletcalf et al. (tq6Z) stated: ttThis insoct feeds on a1l

the snall grains and. rnany of the ruild and cultivated grasses"rr Bru.ohl

(fg6f) observed its tend.ency to feed on the juiees involved in kernel for-

mation r^rhen the plants produce the infloreseence. Forbes (f962) found the

aphids scattered over the blades of oats until heading, at whlch tinre they

cfustered on the j¡rfl-orescence, Orlob (1961) and Robinson and Hsu (1963)

found it to be more prevalent on cereals than on grasses" Forbes (L962)

reported that it was the most abirnd.ant cereal aphid on oats in British Col-

r:nbia. Adams and Drew (t964a, L965) observed that M. avenae infested oats

in New Brunswick for approximately seven to eight r¡eeks, from the tj¡re the

plants were throe inches high until the panieles emerged. l¡lood (f965)

fou¡d that the attack of two hr.rndred English grain aphids per linear foot on

Triumph wheat during the preboot stage of growlh did not cause enough damage

to nake control measures necessary, when plant diseases l¡ere not involved"

Aphids as vectors of pLant diseases

The damage eaused by aphids attaeking cereals varies between spec-

ies, betr"reen hosts, and in different years (i,riadley, 1929;Osl¡ald and Hous-

ton, 1951; MacNay, 1955; Iowe, L96L; Forbes, I)62¡ Markkul-a and Myllymaki,

L963; Robinson and Hsu, L963). Thoir ability to transmit cereal viru-ses

increases their eeonomic importance (Stytcuis et al., 1959; Hille Ris Lambers,

L)6O; Orlob and :rrr¡y , L)6O; Muel-ler , L96L) 
"

Kernedy et al. (tg6Z) published a conspectus of aphids as vectors

of plant, vi-ruses including the viruses transmitted by S" gra¡ninum, R"

maidi-s and M" avenae.

S" gramj¡rum transmits Barley Tellow Dwarf Virus (BYDV) (Osr,.rald and
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Houston, I952b, L953; Sur¡ners and Bclrnan, L953; rdalters, 1954; Takeshii:a,

L956; Jedlins}<i and Bror¿n , L959; 0r1ob ancl Arny, Lg59; Rochow, f959) e Mil-

let Red.-leaf Virus (Yu et ù.., t95l), Sugareane l"losaic Virus (Ingram and-

Summers r 1936, L938) and- -r,Jheat Mosaic (,,'Iestern) Virus (Atkinson, L949)'

R" ¡ua,idis is a veetor of BYDV (Oslvald and Houston, L95L, L952a;

Talceshita, 1956; Hebert et al. o L959; Orlob and Arny, 1959; Rochor+, 1959;

Slykhuis et aL, , L959; Butl-er et al" , 1960; inlatson and Ìululligan, I)60),

Abaca ivlosaic Virus (Celino ancl Ocfemia, 19/+l-), Canna ìviosaic Virus (Brier-

ley ancl Smith, I9/*E), Cucumber Mosaic Virus ('.lellman, 1934; Dickson et al",

D/+9), !Íaize Leaf Fleck Virus (Yu et ú, , L957 ), Onion Yellow Di^rarf Virus

(tai;e, L9/+0) and Sugarcane l'{osaic Virus (Brandes, I92O, 1923, Kunket, L92ZE

Stahl, L927; Ingram and. Suramers, L))8; Tate and Vandenberg, L93g; Summers

e! at. o 1948; Vasudeva , 1954).

tj. g.ggeg, is a vector of BYDV (I'loora, L952i Oswald and Ïlouston,

L952a, L953; Summers and- Boruman, L953; !'Ialters, L954.; Oswald and Thung,

L955; Takeshita , L95'o; Tolco and Brueh] , L956; Hebert et al-. , L959; Orlob

and ,A.rny , 1959; Rochorv, L959; Slykhuis et al. , 1959; Butl-er et al" , L)6C;

tiatson and Mulligan, L)60) , Bean Yellor,v l4osaic Vírus (Swenson, 1958) and

Radish Ye}lows Vj¡us (luffus, L96O),

The BarLey Yellow Dwarf Virus, which has many hosts among tho Gram-

ineae, is obligately vee-bor-transmitted since other means of transmission

have fail-ed, and, aceording to Bruehl (L96f), it must l¡e transmitted by

aphid vectors, of which there are at l-east ni-ne species" The existence of

greenbug in those areas of the Unitecl States which suffered severe losses

fron BYDV in L959 (Ca1ch.rell et al" , L)59; Hebert et aL. , L95g; Jedlinski

and Brown, L959; Sill et ?L" , L959; Thomas ancl. Munson, lg59; Ortob and
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Arny, f96O) constitutes strong evidence that it serves as a major vector"

Bruehl (1961) considered the greenbug not to be a serious problern in most

seasons, because of its tenclency to be lessItvagabondttthan other aphid vec-

tors" The corn leaf aphid has not appeared. as an important vector of BYDV

in spring-seeded barley probably due to its adaptation to warmer weather,

but this factor may become inportant for early-seeded fall barley, as sug-

gested by Bruehl (fç6f)" Summers and Bor¡man (l.]53) observed the tendency,

shorun by the English grain aphid, to spread widely as opposed to that ex-

hibited by the greenbug whieh multiplles extensively in one place before

the conditions of the host, competition, and crowding force it to migrate"

This teniL€ncy, of the English grain aphid to disperse u¡ifonnl5 probably in-

creases the efficiency of a given population to disseminate viruses. Cart-

er (Lg3g) stated that toxicogenic inseets are seldom efficient vectors, but

Bruehl (1961) noted that it r,.¡as s'u111- not kno'"rn whether the presenee of the

toxic substanee injeeted by the greenbug r,¡hile feeding lessens the effect-

iveness of this aphid as a vector of BYDV, Hor^¡ever, Thomas and Munson (1959)

reported a heavy loss of barley in lviissouri due to BYDV disseminated b¡r t¡s

greenbug. Rochor¡ (L959), ¡y compari-ng sone of the cereal aphids, concluded-

ihat S. era{ninqE r,¡as the least efficient veetor of BYDV. lulore recently the

same author (Fochow, 1!60a, 1960b) reported that different col]ections of

greenbugs differed in their capability to transmit given strains of the

same virus.

Plant re_s-is_lance io aphids

Observations on the resistance of plants to insect attaek dat,e back

to the earliest days of Econornj-c Entomology, €.B.rHavens (tlgZ) and Lindley

(1831), Perhaps the classical example of plant resistanee is that of



L3

American vines to the grape phylloxera, Phyl-l-oxqrg viti.follae_ Fitch"

Painter (1951) compiled and published the infornation available up to that

date" Since 1951 many workers have further studied the subject of resist*

ant plant varieties, tho cornplex inseet-plant relationships, and the in-
fluence of environmental faet,ors on both insect and plant host" Snelling

(L?/rL) defined insect resistance in crop plants as n. o o including those

characteristics r,ùrich enabl-e a plant to avoido tolerat,e or recover from the

attacks of insects under conditions that 1,¡ould cause greater injury to
other plants of the same species,rl

This definition is only slightly different to that given by Painter

(fg¡f)t trthe relative amount of heritable qualities possessed by the plant

which influenee the r.il-timate degree of damage done by the insectril who also

indicated different levels of plant resistance; other phenonena ordinarily
included under the term pseudoresistance; the three bases of resistance,

namely, preference or non-preference, antibiosis and tolerance, which may be

acting alone, or two of them, or all three together. Preference or non-

preferenee (PainterrIg5L), has been used to denote the group of plant char-

aeters and insect responses that lead to or atiay frorn the use of a partie-
ular plant or variety for oviposition, for food, for sheLter, or for com-

bination of the three. Tho term antibiosis, proposed. by painter (19zrt),

has been referred to rtthose adverse effects on the insect life history lrhich

result when the insect uses a resistant host-plant variety or species for
food.tt Ànd tolerance of a plant (fainterr I)Jl-) "is the abil_ity to grow and

reproduce itself or to repair injury to a marked degree in spite of support-

ing a population approximately equal to that damaging a susceptible host.tt

The converse mechanisms in a susceptible p1ant, as inCicated by
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Auclair (tçSl), would be preference, probiosis and intolerance" There are

many factors influencing resistance" Murnford (L93L) classified the re-

ported eauses of resi-stance as "epiphylaxisrr and rrendophylaxis"tr Painter

(1951) grouped them into plant factors, environmental factors, and insect-

plani interaction factors; many of them being interrelated"

Painter (l9Sg) pointed out that there are more known cases of breed-

ing resistant crop plants to aphids than to other insects. lvietcalf e-[ al.,

(L962) stated: rrThere is scarcely a kind of plant, cultivated or wild, but

what supports from one to several species of aphids.rr The search for vÍrus

resistant plants began in recent yearsr eog., Schaller g! a1_", (L963) with

at least as many problems as the search for insect resistant plani;s" Wil-

coxson and Peterson (1960) statedrtBreed.ing red elover for resistanee to

aphids may be a more successful approach than trying to breed for resist-

ance to virus di-seases.rl

Several authors have repor*r,ed on host selection and adaptation of

aphids (Kennedy, I95O, L953, Lg5B; Wertheim, Lg5/*; Lipke and Fraenlcel, 1956;

Bodenheiner and Swirski, 1957; lvluller, L958; Kennedy and Stroyan, 1959;

Orlob u L)6Lb; and others ). Aphids have been reported to prefer young or

senescent leaves to mature ones (Kennedy, 1!J0; HulI, 1964; and. others), to

be ¡nore attraeted to certain colours (Searls, 1935; Cody, L9/rI; Moericke,

I95O, L955a, L955b, L955cr 1957; Kennedy and Booth,1954; Eastop, 1955;

Heatheote , I957i Coon and Rinick, L962; Cartier, L963; OrLonghl,i:n, L963;

Cartier and Àuclair, L)6Å,; Mul-ler, 196/r; anrl others), to be influeneed by

intensities of light (Kennedy and Booth, I96L), to be i¡fluenced by plant

height in alightine (Shands et a1., L956; Cartier, 1963) and to prefer vj-rus-

di.seased plants to healthy ones (Arenz, I)JL; I(ennedy, I95L; Baker, 1960).
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Some antibiotic effects reported for aphids have been: lower

feeirndity (Jones e'r, al-. r l95O; Cartier and Painterr IlJ6; Howitt and

Painter , L956; Auclaj-r , 1957; Cartier , L959; ìrlilcoxson ancl Peterson, 19603

carnahan et al. , 7963; Hsu, Lg63; Hsu and Robinsoit, Ig63; Belvett , L965),

increased mortality (Cartier and Paini;er, I)J6; and many other authors), re-

duction of body size (Cartier and Painterr l)J6; Auclair 4. aI. r 1957; MaL'

tais and Auclairo L957; Auclair and Carti-er, L)J9, Lj6O; Cartier, L963; and

other authors), abnormal length of stadiurn or life (Harrington, LÇ/çLi Jones

et al. , L95O; I¡Iilcoxson and Peterson, lÇ60; Carnahan et al" , L963; and

other authors), restlessness (Jones et- a1., L95O; lriileoxson and Peterson,

f96O; Cartier , L963), reduction of food reserves (Painter , 1.758), reduction

of excretion (Auclajrr, L)J/ ), reduetion of wing production (Cartier and

Painter, 1956). And among the factors that have been reported to affect

antibiosis on aphids are; feeding meehanism (Painter, I95L, L95B; Kindler

and Howe, 196I; Beck, 1965; Robinson, 1965, and many other au'ohors), temper-

ature (Jones et al. , L95O; Isaak et al. , 1963; Robinson, L965; and other

authors), humidity (Isaak et al., L963), tigtrt (Robinson, L965), plant age

(ttindler and Howe, L96I; and marriy other authors), chemical eon-bent of the

plant (Guthrie É al., L)62; Thurston and i^lebsterr l)62; Bottger et al.,

f96/.), aphid biotypes (Harringi:on, l)þ, I9L5; Dahms, L94.8; Painter ' 
I95I;

Cartier and Painter, LiJ6; Pathak and Painier, L)J9ar 7958bt 1959; Maxwell

and Painter, L)62d,; Painter and Pathak, L962; and other authors), aphid

morphologieal- fonns (Evans and Gyriseo, 1956).

The more commonly observed effects from aphids on their Ìrost plants

have been wilting, distortion, stunt,ing, discoloration, defoliation, prob-

lens of honeydev excreti-on, format,ion of gaIls, formation of pseudogalls
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and transmj-ssion of plant dj-seases (Cottier,1953)" The kind of injury and

the ability to repair it, which is tol-erance in part, depend upon the age

and size of plants (Painter, I95L; Howe and Pesho, L96Ot Manglitz ancl Gorz,

I96L; and other authors), plant varj-eties involved (Painter, 1958; shap-

oshnikov, Il6L; and other authors), aphid morphs and biotypes presen't,

(patirak and Pai¡:ter, L958a, L958b; Maxwell and Paintet, L)6I; Shaposhni-kov,

L96lg and o',,her authors), size of aphid populations (Painter, 1951; !lan-

glitz and Gorz, L)6L", and other authors), and the amou¡t and kind of auxins

extraeted (irJent, L94O; Ìulax¡¡el-l and Painter, 1961)"

Various authors have used different means to measure aphid resist-

anee in crop plants: numbers of aphids or colonies per freely-ehosen host

plant (Oahms et al., L955; Cartier and Painter, L956; Hor,¡itt and Painter,

tç56; 'nlilcoxson and Peterson, 1Ç60; Orlob, 1961b; Cartier, 1963; Kishaba

and iulanglitz, L)6J), progeny counts (nanrns et al., L955; Cartier and Paint-

er,LÇJ6; Hor.ritt and Painter, L)J6; Hsu and Robinson, 1962, L963; Hsu, 1963;

fsaak et gt",1963; Belvett, L965), aphid survíva1 (Cartier and Painter,

þ56; Isaak et al. r 1963) , weight of aphids (Cartier and Paintero !QJ6;

Cartier, L963), length of stadium anð,/or life of aphids (Jones et a1,,

l95O; and others), assessrnent of damage caused to the host plant (Dahms et

aL,, 1955; Painter and Peters, L956; Chada, 1959; Hormchong ancl r,'tood, 1963),

length of tíme roquired by aphids to kil-l the plants (Dahrns et al' , 1955;

Ortman et al., L)6O; idood, l96J,b; Hormchong and llood, 1963), and amount of

p]-ant growbh following aphid infestations (Dahms et al" , L955) "

Dahms et al" (DSf) screened many varieties and hybrids of small

grains for resistance to the greenbug" 'olood. (1961) screened r.¡heat lines

and Chada et af. (196f) screened the r.¡orld coll-ection of barley for green-

bug resistance" Harvey and ¡i1lson (1962) reported differences ín injury
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caused by the greenbug to a resistant line oí lvheat and a susceptibl-e var-

iety" Daniels and Porter (1956) found that wheat groirn in soil fo-llor+ing

alfalfa resulted in more tolerance inasmuch as it supported gi'eater pop-

ulations, than wheat groum in soil taken from wheat land. Hasernan (lg+6)

had indicated that the greenbug had a high ni.trogen requi-rernent and r¡ouJd

not reproduce as vrelf on small grains grolm on l-and deficient in nitrogen

and iron. Hov¡ever, ;ì,rant and Jones (tçSt) reported that greenbug popula-

tions varied inversely r,¡ith the amount of nitrogen applied to oats" Blick-

enstaff et at. (1954) reported that populations of S" sraminum- decreased

on oats and rye as the nitrogen was increased"

Hornachong and i¡Iood (L963) screened barley varieties for resistance

to the corn leaf aphid by measuring the amount of injury caused to the

plants. Hirano ancl. Ito (f96/-) reported that there hras no difference in mor-

tality and fecundity of R. maidis on barley plants of various maturities,

but on young rvheat planì;s it had a higher mortaliiy and a lower fecundity

than on o1d. plants" Àdams and Drer,¡ (L96/+b) reported that this aphid did.

not survive on wheat under greenhouse conditj-ons"

tularkkula and Laurena (t961*) reported that the reproduction of ivt.

åvc-nac remained unchanged while feeding on oats infected with barl-ey yelloi'r

dl'rarf viru.s and increased concentrations of free amino acids in the plant.

Adams and Drew (I964b) pointed out that the English grain aphid seemed to

be nore adaptable to Hordeum, Ayena, Triticum anci Poa than R. mzuLdis and

Rhopafosiphum padi (L.) because of littte variation in íts reproduction on

al-l- four hosts, Adams and Drer,¡ (L965) noted that R, padi, U, avenae and

R. maidis were not found on oats in fielcls of Ne',¡ Brunsr+ick after the

panicle stage had been reached..



1B

Although the mechanism of insect resistance in crop plants is still-

not exactly knor'rn, it has been possible to use resi-stant varieties some-

times as a principal control metho{i, e.g,, the use of resistant grape vines

against the grape phylloxera (gioLetti et aI", L)2L; painter , I95L). ltore

comrnonly, resistant plant varieties have been used as an adjunct to other

control measures" Enden and Wearing (L965) discussed tlre large scal-e use

of highly resistant plants and suggested that resistant strains of insects

may arise, similar to that eondition i¡hich has happened in the case of

indiscriminate use of chemicals. These au'r,hor:s considered that the exist-

ence of biotypes in aphids rnay J-ncrease breakdown of plant resistance.

They suggested that a more efficient method of control might be foured by

combining: rra lorn¡ l-evel of plant resistance with, for example, the action

of natural enemies.rr Another use of planl resistance is as a safeguard

against the release of susceptible varieties (painter , Lg5l-),

l4aqy authors have discussed the inheritance of resj-stanee of plants

to insects (Painter, L)JI; Pai-nter and Peters, rg56; Daniels and porter,

1958; curtis et al" , L)6o3 chada et a1. , L)6L; Porter and Daniels, (r963t

and others ) .

Thus far, several authors have reported aphid resistant varieti-es

(Gernert, I)L7; Delong and Jones, 1926; Le Pelley, L9Z7; Searl-es, I9j5; Dun-

narn and. clark, L938; Hubert and schrn¡art,ze, Lg38; Dah,ms and painterr r)/¡o;

Snelling et al-. , I94O; Ivanoff, L944; AnonJrmous, 1955; Dahms et al, , Lg55E

Ilarvey et al. , L)6o; r,ehman et al. , L963) " corn varieties have been re-

ported resistant against the corn leaf aphid (snelling et aL., LJ/¡o), and

barley varieties against the greenbug (lnonymous, 1955; Dah¡rs et al. rLg55).



CHAPTER TI]

MATER]AIS AND TtrTHODS

The three speei-es of aphidsn Scblz-qpbiq geglêgg (Rondani)u

Rhqpaþgiphun nai{ie (ritcir) and MaeqqåiBb.gg a-vqra-e- (Fabricius), were

obtained from previ-ous stoek eultures of the Department of Entonology,

The University of Manitoba. Subsequent cultures were rnaintaiaed. i:r a

basement growth room on Swan barley plants, whi-ch w€re renevred. every week"

the cultures hrere kept under fine-screen cages to prevent infostations by

winged aphids anrl to exclude predators and parasites. Each culture of the

aphids may be considered. to belong to a line or clone with the same genet-

ieal background beeause they descended from a single apterous sünmêr vivi-
para, thus avoiding possible differ€nces fron biotypes" Problems with

other morphs r¡ere eliroinated by us'i''g only su,nmer viviparae"

Seeds of Swan barley, Parkl-ancl barley, Selkirk r¿heat and Rodney

oats r¡ere supplied by the Department of Plant Seienee, The ÏJniversity of

Manitoba. The aphids were reared and rnaintained on Sr¡an barley because

it had. been used suceessfully in earlior experíments (Hsu, L963; Belvett,

L965; Sun, 1965).

Tenperatures ln the growbh room fluetuated from zOoC in r+inter to

32oC in summer, and relative hu¡nid.ity remained about 55 per c€nt, Precise

controls eould be naintained in the growbh cabinets l-ocated in tho plant

growbh room.

A fer,¡ preliminary tests were eond.ucted to detemrine the exact tine

of emergence of seed.lings and the time required for then to reach a height
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of one t,o tr,¡o inches, by sowing five seeds in oach of five five-ineh clay

pots. Because the aphids were to be eultured on benches in the growbh

roon, oxporiments were carried out to find out if there r.Ias any differ-

ence in the prereprocluetive period of the aphids reared in the growbh

room compared to that reported. by Belvett (f965) in growbh cabinets.

Ef f gc t s of aphid s 
-o-n 

eJere aL g ra ins -a! -vgr io-us -Êt-a 
g9Ê a€- Plelt-sægüb

Each spocies of aphid was tested on each of Parkland barley, Sel-

kirk wheat and Rodney oats, as indicated in Table I.

Three seeds h¡er€ sown in each of eighty to ninety five-inch clay

pots for each experinent, the pots were placed in a grovrbh cabinet and

used as required" The totat time for eaeh e4periment varied from 110 to

ltJ days. After energence the strongest plant in each pot was selected

and the rest eliminated.

the first infestation r¡ith aphids was mad.e uhen the plants reached.

one to two inches hlgh, whj-eh ¡,ras five days after seedi-ng for Parkland

barley, six for Selkirk wheat and seven for Sodney oats. A single newly

moulted adult wingless vivipara i¿hich was ready to start reproducing Ïtas

transferred t,o each of sevsn to ten seed.lings which were kept under a cage,

Ten days later a new infestation Ïras similarly mad.e, and thi-s was dono j¡r

succession at ten day int,ervals r¡ntil the plants reached an ag€ approxi-

mately sixty to seventy days after seed.ing.

The newly moulted adult aphids were obtained. by isolating the

n¡rmphs produced by apterous adults in turenty-four hours and then al-lowing

then to reach maturity. The greenbugs seleeted were six to seven days old,
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and the corn leaf aphids and Engllsh grain aphids '/ere seven to eight days

old. Àdult,s that had already produced one to four nymphs i,¡ere preferred

for the erçeriments, for better rraifornlty.

The aphids 'r¡¡ere checked on the follor^ring day ancl replaeed 1f ab-

sent. Plants that did not have a colony of aphids in subsequent days were

eliminated from the experiment"

The progress of the infestations rnras observed and the death of

seed.lings recorded. A plant was considered dead when it appeared eon-

pletely dried out and the aphids had abandoned i-t. Dead plants that had

not produced heads r¡rere renoved j¡mediately" ff heads had fo::med., the

plants were kept r-rntil harvested along with those that still supported

some aphids"

l^lhen the uninfested plants (ehecks) reached nraturity, all the

heads r+ere cut off and all-oi.red to dry for tr.¡o or three r+eeks at roorn temp-

erature" Then the grain was separated, counted and r^reighed on an electric

balanee with a precision of 0.1 gram.

All these exporiments r¡rer€ conducted in eabinets at a temperature

of 22oC t l"5oC and relative huaidity of 65i¿ ! n%. The photoperiod was

set at sj:rteen hours of light and eight hours of darkness. The soiJ- eon-

sisted of four parbs of Red. River loam and on€ part of sand" Fertilizer

11-¿F8-0 was used in all experi-nents exeept experiment number 1" All

transfers of aphids used in t'his thesis ruere made by moans of an aspirator

(nobi.:rson, 1961) .

The plants recelved two hr:ndred eubic eentiroeters of water every

third or fourbh day. Bnergence of seedliags was four or fÍve days after
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seeding. The three-Leaf stage r,¡as attained twelve to sixteen days after

seeding. Tillering usually started when plants were older than twenty

days aft,er seeding. Ileads appeared when plants lrere fifty to sixty-five

days after saeding and maturity was reeched one hundred to one hundred

and ten days after seeding. There r¡as little differenee i-n growbh among

varieti-es.

Field.-te st s - on _r-e s istanc e ( ant ibio sis ) of bar1ef, veEle_t_!eÊ. qg.aiqç!

the sreenbug and the gErn leaf aphid

Seventeen varieties of barley and a check rn¡ere used. They were

C.I. /+-/+74, C"ï. /A2o-2, Pod.a C"I" 652, Braehytie C.Í" 6572, fujo C"I"

54OI, Gopal C.L J@1, C.f. 4273-L, C"I" /+388, CnI. 3906-I, Pasha C.L

p8d, Kipper C"I. L29L, Hordei.m vulgare B 227, Sublaxum C.I. ZZjl, (Van-

tage X Jet) Br" 52q)-7, Galore C.I.7L5O, B" I93, C.L L /g-L, and Sr^ran

(check). Excluding the eheck, all these varj-eties had shown some resist-

ance in previous tests (Belvett, 1965)" they were planted in the fie1d.

in rows eighteen inehes apart in June, 1965. Twenty plants of each var-

iety were chosen at least eighteon inehes apart in the row, for artificial
infest'ation by newly moulted adult wingless female aphids of both Sehiz-

aphis åraminum (Rondani) and xhg.pgla,Ciplum maidis- (riten)"

The aphids were cultured. in a growbh room as described above.

Ten plants of each variety were infested, eaeh with one greenbug,

and ten plants eaeh r¡ith on€ eorn leaf aphld" Individual organdy cages

supported by wires were placed ovsr each plant as descri.bed. by itsu (1963).

rt was planned to infest the plants when they wero tuo to for.¡r

inches highr and antibiosls r.ras to be measured by counting the progerqr
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produc€d by each fernale aphid in five days" Hor^rever, due to ineessant

rain, and nuddy plots, the plants idere over twelve inches high before there

i^Ias an opportunity t,o place the aphids on them¡ and further rain delayed

the counti:rg until eight days after the infestation was made.

Eff_e_ct on.fegp¡di:!¡r_ef qpþi{s reareL on ong host plant aryl

traqÉlqrred to other pl-ants

trEffeets of preconditioningrt is a term commonly used. to denote

possible infLuences on the biology of an inseet resulting from change of

hostso ,S. graminuq, R" nai*i-s and $, av_gnæ were first cul-tured on, and.

then transfemed to, eaeh of Sr+an barley, Parkland barley, Rodney oats

and Sel-kirk wheat, in order to study any differenees in rate of reproduc-

tion resulting from change of hosts.

The aphid.s used were newly moulted wingless sunmer fenale ad.ults"

They were obtained by placing mar{r adults on each host plant, allowing

them to reproduce for one day, then removing them and leaving the nymphs

to reaeh nraturity" Thus the aphids used in tests r¡ere within twenty-four

hours or less of being the same age. Nerb, thirteen to twenty plants of

the second host were infested i,¡ith one aphid eaeh, and covered with a fine-

mesh organdy eage supported by wires. The proger\y w€re counted six days

later" If adults were not present at the tjLne of the count, the data were

not used"

The experinents were nad.e either in the growbh room or in the eab-

inots as indicated. in Chapter VI. Plants oa which the aphids r¡rer€ reared,

t*ere seeded and grown in small flats; those used as hosts on l¡hich the
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aphids reprodueed, were groi"tn and selected as described in page 20'

Host preference o.f aPhids

Sinee prev5-ous e4peri.¡nents dealt with the greenbug, the corn leaf

aphid and. the Engllsh grai-n aphid on Sr¡an barley, Parkland barley, Se1-

kirk wheat and Rodney oat,s, it r¡as decid.ed to aseertain what host prefer-

ences they night have if allor¿ed a freo choice of hosts, rather than

being caged on a specific host.

Fron a souÏce eonsi-sting of forty to fifty sr'ran barley seedli-ags

heavily infested with winged and wingless ad'rlt sunmer viviparae, as well

as nymphs, the aphids were allorued to freely choose their hosts fron among

the four plant varieties mentioned above, arrang€d as foIlor¡s:

I
P. b.

- E. -gr-
s. b"

S. 
-w.

ï1
S" I^Iu

ehV. vo

R. o.

P. b"

S. b. : Swan barley

P. b. : Parkland barley

rrI
E. o"-

P. b"

S.--W"

s" lg-

S" ïro : Selkirk ."rheat

Ro o. : Rodney oats

1V

s.3"_

S- w"

P. b.

Rt o.

These tests were nade on a bench covered with a large cage in the

growbh room at a temperature of 23oC "! 2.5oC., and a photoperiod of 16

hours of light and I hours of darkness.

Plants r.¡ere either sor¿m direetly into the soil on the benchu fol-

lovred by thinning in order to seleet the best plants or transpLanted from

previously germinated seeds at a tenperature of 25oC. t loC. The latter

gave more unifonnity, and they were two to three inches high when each
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experinent began. There i^rere equal numbers of plants for each host,

spaced 1.0 to L,5 inches apart. The distance between replieates was

three inches, and from replicates ïI-TII to the source of six inches" A

count of aphids settled on eaeh plant r,ras nade four or five days later"



CHAPTER TV

EF'FECTS OF APHT}S ON CEREAL GRATNS AT VARIOI]S

STAGES OF PI'A}ÍI GROi{TH

As sho6n in Tab1e I, nine experiments were planned to test S' grg¡n-

iq!¡¡nr !. maldis and $. avenae on each of Parkland barley, Selkirk wheat'

and Rodney oats urrder the arti-ficial eonditions of the growbh cabinets.

The corn leaf aphld did not establish successfully on Selkirk r¿heat or

Rodney oats, thus reducing the number of e:çeriments frorn nine to seven.

Adams and Drew (Lg6/+b) had previously reported its preferences for barley

anct lts inability to reproduce on r,¡heat. Robinson and ttsu (1963) also ob-

served' its preferences for barley' l¡tild'ermuth and l¡Iarter (L%2) reported

that this aphid. occurred less frequently on oats and r¿heat; and Adams and

Drer¿ (196/ua, 1965) its occurrsnce in smal1 sporadie numbers in oat fiolds'

Most of the newly moult,ed ad.ults of E" mefdi-g r,ralked off the plants of Sel-

kirk r+heat or Rodney oats soon after being plaeed on them. A few of then

st,ayed long enough to produee some qymphs, but the smalf populations thus

formed decreased in nr¡nbers after a few days.

Results of the reuraining seven experiments are prosented in lables

II - VIII. The length of tine requi-red for the aphids to kill the plants

is ind,ieated in the fourth column of each table. These data l¡ere analysed

by therrstudentrstr t test for unpaired data, thus eomparing differences

between means (Johnson, 1950). The last three eolumns of eaeh table give

information on damage eaused by the aphids to o1d.er plants, Most of these

older plants produced heads before being killed by the aphids" The average
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number of heads per plant was calcuLated by dividing the total nunber of

heads produced by the nunber of plants tested in each group, thus indicat-

ing the effect of the aphids on plant head format'ion and indirectly also

showing reduction of tillering" The quantity of kernels produced per in-

fested plant and the quality of them are compared against those of kernels

produced by the uninfested (check) plants in the second last ar¡d last col-

urnns respectively. The average weight of kernels produced. per plant was

calculated by divlding the total weight of seeds by the number of plants

tested in each group, The weight of 11000 kernels is a comnon neasure-

nent used by plant scientists such as Smith and Fitzsi¡mons (f965), and is

obtained as fol-lows: the woight of kernels produced by each group of plants

is divided by the total number of kernels and nultiplied by one thousand"

Effects_ of greenbug popul-atj-ons on Parkland barley plants of

d.ifferent ages

This test was carried out fron February 10, 1965 to May 31, 1965"

The greenbug became readily established on plants of all different ages

tested. Soon after the original infestations r,¡ers made chlorotic spots

caused by the injectíon of its toxic saliva while feeding, became conspic-

uous. As the aphid populations inereased, these spots enlarged and final-
ly the l-eaves and stems became conpletely dried. out, and the aphids walked

off the plants. The greenbug preferenttally congregated on new shoots and

leaves produced. by the o1d.er plants when the latter began tillering" The

aphids were also observed. feeding on the heads. The older leaves, except

for the lowest ones, and. the main stems Ij-ved the longest before the plant

d.ied "
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ïoung seed.lings, after being infested, conti-nued to grow less

normally as the aphid populations increased" They appeared to stop grow-

ing at a eertain point when the attack lras very intense, and eventually

died" This sequenee l^ras not so conspicuous r^rhen the plants Lrere heading

or later at the time of infestation, when desiecation was more gradual,

Results of this test are presented in Table rr" All seedlings

infested. up to 55 days after seeding were killed, the younger ones being

killed in a shorter tine" Though there was sone overlapping in tkre number

of days required by the greenbug to eause their death, as inclieated by the

range, each group of plants was signifieantly dífferent to the rest"

The older the plants at time of infestation the more heads they

produced, though little difference was shoç¡n when plantsl,rere infested from

an age of 55 days after seeding and older" 'fhe same holds tru-e when the

last tr¿o columns aro examined: the greenbug did not affect to a very large

degree either the weight of kernels produeed per plant or the weight of

11000 kernels of those plants j-nfestsd r^rtren heading began, and. later ageso

Twenty-one days before harvest the check plants were remove¿ frour

the cabinet and plaeed on benehes in the growth room j-n order to avoid

accidental infestations by other aphids" This eould have had some j¡rflu-

ence on the weight of kernels since the conditions of the growbh room ürers

slightly drier and warmer than those of the cabi_net.

different ages

Results of this test are presented in Table III. It was carried
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out from June d, 1965 fo September 22t 1965" the greenbug d'id not estab-

Iish itself as read.ily on the Setkirk r,¡heat seedlings as it did on those

of parkland barley. Some wingless adult vlviparae abandoned their hosts

and were therefore replaced the day after the original infestations had

been made.

As deseribed for the preceding experi¡ent, chlorotic spots fo1-

lor,¡ed by desiccat j-on, death of younger leaves f irst, and progress of the

aphid populations, were observed-

All the seedlings v¡hich were i-nfested were kill-ed. As shown in

lab1e II1, plants infested at ages of 6 and 16 days after seeding were

killed in a significantly shorter tjme. Little differenee in length of

time to be killed was shown by plants of ages of. 26¡ 36 and /06 days after

seeding. Plants of an age of J6 ð.ays after seeding resisted longest" Tho

old.est group of plants was desiccated in a shorter nr:mber of days probably

due to seneseence and eventual natural death of older leaves after ear

emergence (Watson, L956; Thorne t 1966)"

There was an increasing nurnber of heads produeed per plant when i¡-

fosted at an older age. Though plants of age of 36 days after seeding were

the first to produce heads, none of them had seeds. Kernels were produced

when plants began heading or later, at tine of infestation. It is shor,¡n

that the yield. per plant and the weight of kernels also inereased when

plants were infested at a more advaneed age, bei-ng maxirnurn for the check

plants r.¡hich also produeed. tho largest nur¡bers of head-s.
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Effects of sreenbug populations on Rodney oats planls of

di-fferent ages

This erqperiment lasted from Ju¡e /0, 1965 to September 22, L965"

Results are presented in Tab1e fV. S, graminum established as success-

fuI1y on Rodney oats seedlings as on those of Parkland barley. this is
better than on those of Selkirk wheat.

The developnent of the aphid populations and the syinptons shosrn

by the plants infost'ed were similar to those mentioned for the two pre-

vious experinents; appearance of ehlorotie spots, desiceation, prefer-

ential congregation of greenbugs feeding on youngor leaves and ner+ shootso

and feeding on the panieles when they were formed"

The group of plants of age of 37 days after seeding, shorbly after

being infested r¡ere also aecj.dentally attacked by a few other stray gro€n-

bugs whose populations grew so fast as to ¡nalce their elinination impos-

sj-b1e. This test r¿as repeated. at a later date but unfortunately the con-

ditions r,¡ere not sÍmilar and the plants grew sonewhat differeatly; henco

the original data were kept but not statistieally conrpared r¡ith the

others" However, it r¡as possible to estimate that the aphids r¡ould re*

quire an average nu¡rber of days to kill ths plants of about 50.

Seedlings up to an ag€ of 57 days after seeding r¡ere al1 killed.
The younger plants requi-red a shorter time for the greenbug to cause thei¡
death, exeept those of an age of 57 days after seeding" The latter shou¡ed

again that senescenee of plant parts (Thorne, 1966) ruould eontribute to a

quicker death of older plants by this aphid"



A
ge

 o
f 

pl
an

t
r+

he
n 

in
fe

st
ed

r¡
ith

 o
ne

 a
pt

er
a

vi
vi

pa
ra

 (
da

ys
af

te
r 

se
ed

in
g)

T
A

B
I,E

 T
V

E
F

F
E

C
T

S
 O

F
 G

P
,T

E
N

B
U

G
 P

O
P

U
LA

T
T

O
N

S
 
O

N
 R

O
D

N
E

Y
 O

A
T

S
 P

T
,A

T
M

S
 O

F
 D

IF
F

E
R

E
M

 A
G

E
S

7 L7 27 77
xx

'

/i7 57
xF

.t4

67

N
o.

 o
f 

l{o
. 

of
pl

an
ts

 p
la

nt
s

te
st

ed
 k

ill
ed

10

N
o.

 o
f 

da
ys

 r
eq

ui
re

d
to

 k
iIl

 
pl

an
ts

9 7 7 7 7 7

10

R
an

ge

C
he

ck
#*

*

9 7 7 7 7 5

}i 
E

ac
h 

m
ea

n 
w

as
 g

iv
en

 a
 le

tte
r.

 
M

ea
ns

 fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
le

tte
r 

ar
e 

no
t 

si
gn

ifi
ca

nt
ly

di
ffe

re
nt

 a
t, 

5%

1l
- 

pf
an

ts
 a

cc
id

en
ta

lly
 i

nf
es

te
d 

w
ith

 o
th

er
 a

ph
id

s
T

ll-
-P

r"
"t

s 
be

ga
n 

he
ad

in
g

r{
1{

}(
:l*

*- .v
ra

nt
s 

w
er

e 
ha

rv
es

te
d 

I0
/+

 d
ay

s 
af

te
r 

se
ed

in
g

19
-2

5

3L
-/

+
2

4/
--

/-
9

)5
-3

8

/Þ
5-

57

39
-/

A

32
-

M
ea

n

22
"2

 a
'-

3'
.7

 "L
 b

1i
7.

3 
c

36
"7

53
.3

 
e

¿
uo

 "3

A
vo

 n
on

of
 h

ea
ds

pe
r 

pl
an

t

A
v.

 w
t"

 o
f

ke
rn

el
s

pr
od

uc
ed

 p
er

pl
an

t 
(g

" 
)

1.
0

1"
0

L.
6

L,
6

2"
0

W
t. 

of
1 

ro
0o

ke
rn

el
s

(e
. 

)

0"
37

o"
33

L.
83

L"
66

2,
23

2.
4.

L3
,g

12
"6

30
"8

28
"5

33
.O

2.
Lg

35
 "

/+

\,J +
-



The three last colunns

per plant, increasing Yield of

kernels with inereasing age of

after seeding and older"

35

shol increasing nunbers of heads produced

kernels, and increasing weight of 11000

plants at ti¡¡e of infestations from 2? days

Ef åects -ql-9orn fea!--aph-i$ ggpulationq on PaqklenÈ barlqv

pl-ants of -diff erent -aees

As ,,¡as previ-ousIy nentioned, E. naidis successfully establlshed'

only on Parkland barley, under the conditions of the gror,rbh cabinets.

populations of this aphid increased considerably before the plants appeared

to be affected. Seedlings whieh wero infested continued to grow for mary

days before being seriously damaged" Then, gradual desiccation was the

only sympt,om shom. A eo-effect observed l¡as that the heads and most of

the plants l¡rere partly coated with honeydew whieh this aphid exeretes'

Some fungi al-so gre!ü on the top soil probably as a result of this €xcre-

tion"

R. maidis- preferentially fed and reproduced on the r¿horls of the

plants. Winged forns r+ere observed i,¡hen the populatj-ons increased.

This experiment lasted from Septenber 20. 1965 to January L6t L966"

Resul-ts are shown in Table V. Plants infested up to an age of 35 days

after seeding were eompletely ktIled" There was no signifieant difference

in the length of ti¡ne required for !. maidis to cause thelr death.

The nunbers of heads produeed by the plants increased when they

were infested from an age of 35 days after seeding and older" The yield

and the r.veight of 1rO0O kernels r¡ere affected Iittle by the feeding of

aphids when plants infested were of an age of dJ days after seeding and

older.
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Eff ects of Eaglish. grain aphid populatio-ng on Earkland baÏ.Lev-

plants of diff-'e{æL egeç

This experj¡ent r¡as carried out from January 18 , 1966 to May 6,

1966" Data are presented in Table VI" M, avenae boca¡ne readily estab-

lished on Parkland barley plants of all the different ages tested" Seed-

lings experienced only gradual d.esiecation as the aphid populations in-

creased" ldinged norphs of this aphid rn¡ere observed sooner after infesta-

tions and in larger numbers flying at the top of the cages than in the

case of S" ggiggp, and !" maldis.

Before the plants began heading U" 4enq€, fed seattered all over

the plants, but as soon as ears emerged the aphids clustered. preferen-

tia1ly to feed on then.

All seedlings infested were kilIed. There vras little differenee

in length of time required by E. avqnae to cause the death of seedlings

infested at 15r 25r 350 45 and JJ days after seeding" The youngest group

of plants r¿as killed. quicker and. also the oLdest groupr possibly influ-

enced by senescenee of plant leaves. Plants r¡ere able to produee some

kernels only rvhen they began heading or later at time of infest,ations,

The aphids reduced both the yield and the quality of grain producod, as

shown in the last tr¡o columns in Table VI"

Eff egts_ol Eng1ish. erain apbid-populations on SelkiqL-whggL

plants of diffelggt_gges

M. av-enae established as readily on Selkirk r+beat plants of all

ages tested as it did on those of Parkland barley" The follorting observa-
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tj-ons r,¡ere made: gradual desiceation of infested seedlings, aphids widely

scattered all over the plants first' anrl then feeding preferentially on the

ears following heading, appearance of many winged forms flying at the tcp

of the eages as the populations inereased 
"

This experiment lasted from January 1?, 1966 to May 6, 1966" Data

are presented. in Table VII A1l plants infested r¡ere kilIed" Plants of

an age of 16 and 26 days after seeding survived the longest r¿ith no sig-

nifieant difference j-n nunbers of days required to kill then. There was

also little difference among those infested at an age of 6, 360 [6 arÃ 56

days after seoding. The group of plants infested urhen oldsst died quicker,

as in other previous experiments'

The number of head.s produced per plant was affected. littLe when

plants began head.ing or later at the ti-me of infestation. However, there

r¡ras a eonsiderable reduction in yieId. and size of kernels"

Eff-ects of Enqlish grain aphid populat_igrig_ !E Rodnqv oats

plaLts. ofti-:Lff erggt ase s

E" avonae established successfully on Rodney oats plants of all
ages tested, scattering aLl over the plants at first and then gathering to

feed on the panicles when they emerged. However, Rodney oats plants looked

stronger and larger than those of Parkland barley and Selkirk wheat, ad

wingod for¡ns were observed to appear later and less abundantly than on

Parkland barley and Selkirk wheat seedlings.

The e4perjment lasted from May I0, L966 to September 20, 1966.

Data are shown in lable VIII. The aphids did not kiIl the younger plants
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r¡hich were infested, but their feeding delayed. the growbh of plants so

much that the first group of plants v¡hich produeed panicles was that in-

fested at an age of 37 days after seeding. Younger seedlings had not

reached maturity by the time that the uninfested check plants had, Otfy

plants of an age of 5? days aftey seed.ing at ti¡ne of inJestation r¡ere all

kllled. There were mcrê plants killed when they r,rero infested at an ad-

vanced age; this suggests that seneseenc€ of plants r.¡ith red.ueed physio-

logical activities (Thorne, 1966) resuLts in more rapid death.

S. gvgnae. redueed similarly the number of heads produced per

plants infested at ages of 1"7 days after seeding and later, eompared with

the cheek, The average r,reight of kernels per plant and weight of 11000

kernels increased progressi-ve1y ruith the age of the plants, starting with

lr.7 days after seeding; however in all three cases they r,rere lower than

that of the check,

Comparative effeets of aphids

Results already shown i-n previous tables have been rearranged in

order to compare the effects of å" sraminum, R" maidis and lj. glg.nag on

the different hosts. The average number of d.ays required for these aphids

to kill the plants and the weight of 11000 kernels were the neasurenents

sel-aeted because of thelr aecuraey and. common use in plant research, res-

pectively"

TabLe IX shor¡s the comparative efíects of the throe species of

aphid.s on Parkland barleyo Ê" graninum kilIed seedlings more rapidly than

the other two speeies when plants were aged from 5 to /r5 days after seed-

ing at tj-me of infestat,ion" Next r¿as M. avenae. E" maid.is requir-ed. the
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TABI,E ]X

coþiPARATM EFFECÎS 0F THE GREEI{BUG, THE C0RN LEAF APHID

AND THE ENGLISH GRATN APHTD ON PARKI,AND BARIEY

Age of plant
i,ihen infested
with one aptera
vivipara (days
after seeding)

Avo no. of daYs I,It" of
required. to 1e000
kiÍI plants kernels (g.)

Aphid No. of
plants
tested

L5

25

35

t+5

55

o)

R.
M.

a

R"
M.

S.
Þ

M

S"
D

M"

c

R.
M"

grami.rcun
maidis
avenae

graminum
maidis
avenae

graminum
maidis
avenae

graminun
maid is
avenae

graminum
maidis
avenae

graminun
maidis
avenae

graminum
maidis
avenae

,:

I'1.5
38:e

32,2
37.6
rlu.7

lrl 
"1,,

36.3
22,2

2/+,9 a
/*6"0 b
37 "3

29.2 a

47"4 b
4r"8 b

35./v a

/01.1

39"I a

3lr"8

9
7
9

10
9
9

9
7
9

9
o

9

10
9
9

l0
9
9

9
o

9

L6"1,
52.6
20,9

rg.3
¿t7 "/o
39 "2

25.8

!{
a

b
c

M.

s.
R.
M.

Check gramanun
maidis
avenae

10
9
9

R.
It"

38"6
39.5
38"6

þieans followed by
not significantly

the same letter
different at, 51,

in each separate plant age group are
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longest tíme to kiJl plants" However, M" avenge killed the tr¡o oldest

groups of plants more quickly, follovred by S" graminuq" The Englisb grain

aphid also caused the greatest reductions of weight of kernels, followed

by the greenbug"

Hence, S. graminu¡n was the most destructive for young seedlings

and $. avenae was the most harmful to older plants" E. maidis appeared to

be the least hamful of the three speci-es for plants of Parkland barley.

Effeets of $" graminus and $. aveqgle on Selkirk r"¡heat plants are

shown in Table X" The greenbug killed the youngest, groups of plants nore

quickly. For older plants both aphids killed the plants in approxímately

the same time. Consj-dering the djJference in weight of the kernels pro-

duced by the uninfested (eheck) plants, there r¡as little differonce bet-

r¡een tho reduction in weight exert,ed by both aphids" Perhaps S, aYellaq

was slightly more harmful.

TabLe XI compares the effects of å, graminum- and $" avenae on Rod-

ney oats plants. It clearly shows that S, granlnulr hras more destructive,

since it killed all seedlings infested up to 57 days after seeding. U"

avenae d.id not cause death of seedlings, exc€pt in one age groupo Ï{ow-

ev6r, M" avenae had a greater effect in roducing the weight of 11000 ker-

nels.

Comparative effects on plants

The rearranged results, presented in Tables XII and XIII, shorv the

different effeets on the plants caused by the greenbug and the English

graln aphid, based on length of tfu¡e required by the aphids to k1lr the

different seedlings, and the weight of 10000 kernels"



/+5

TÀBI,E X

COMPARAT]VE EFFECTS OF TIIE GREENBUG AND THE ENGLISH GRAÏN

APHID 0N SELKIAK !'IIIEAT

-:Age of plant
i¡hen infested
with one aptera Aphid No" of Avu no" of days 11000
vi-vi-para (days plants required to kill kernels
aftei r""aittþ¡ tested. - plants (g. )

I¡*lt. of

6 S. graminum g 21.1 a*
M" avenae 9 3O"2 b

16 S. graminum 10 26.6 a

M. avenae 9 /*3.? b

26 S. graminum 7 28.4 a

M. avenae 9 /',2.4 b

36 S. graminum 7 29'3 a
M. avenae 9 3O"9 a

/+6 S, grami.nu.ut 7 28.1 a

M" avenae 9 30.8 b

56 S. graminun 7 32.'7 a

Ivl. avenae 9 28"3 b

66 S. graminum 7 23.7 a

M. avenae 9 22.I a

10.1
2.6

L6"g
6 

"/4-

15 "5r2.5

Check S. graminum 7 *
Ivl. avenae 9 -

32"9
25 "O

1å- Averages followed by the same letter in each separate plant age group
are not significantly different at' 5%
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TABI,E XI

COMPARATIVE EFFECTS OF THE GNEENBUG AND THE ENGLISH GRA]N

APH]D ON AODNEY OATS

Age of plant
when infested
with one aptera
vivipara (aays
after seeding)

Aphid No" of
plants
tested

Av, no. of days
requlred to kiIl

plants

Wt. of
rr000
kernels

(g" )

a

Mn

ê

M
T7

gramlnum
avenae

grami-nurn
avenae

S. graminum
M. avenae

S. graminun
M. avenae

S. graminun
M, avenae

S. graminum
M. avenae

S. graninum
M" avenae

10
9

9
9

7
9

7x
9

7
9

7
9

7
9

22,2

37.r

u3

tu":

5t.:

loo "3
60"0

B:e

l'2.6

30.8
L2"O

28.5
2r"/r.

33 "0
27 "8

27

37

57

/r7

Cheek graminum
avenaeM.

7
9

35 "/+
33 "5

hlants accid.entally ínfested with other aphids
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Tab1e XII shor¡s that, Rodney oats plants survived the longest tmder

the attack of greenbug populations. The three youngest groups of Parkland

barley plants infest,ed were killed sooner than those of Solkirk wheat, but

conversely, the three old.est groups of Selkirk wheat l.rere kilLed faster.

Reduction of t,he weight of 11000 kernels r.ras greatest on Selkirk wheat

foLlor¿ed by Parkland barley and Rodney oats, respeeti-veIy.

Si:ni1ar1y, Table XIII shor¡s that Rodney oat plants survived the

longest the attack of English grain aphid populatj-ons. The three youngest

groups of infested. seedlings of Parkland barley were kilLed faster than

the respective groups of Selki¡k wheat, but the older groups shor¡ed that

the opposite was true. S. êyggq.q greatly reduced the size of kernels of

Selkirk wheat, Parkland barley and Rodney oats, 5l that order.

As far as the corn l'eaf aphid is concerned, it only caused damage

to Parkland barley seedlings infested, because suitable experimental popu-

lations did not establish on wheat or oats.

Further discussion

It is r¡eIl knor^¡n that the feeding damage caused by aphids t,o cer-

eal crops is nost eonspicuous in the spring when plants are in their fi¡st
stages of growbh. 0f the aphids studied in this r+ork the greenbug proved

to be most harmful- to young seedlings, confirming those qualifications of

trdestructiverr (l,ittte, L963), trserious pestn (ffaat, 1962), and others

gi-ven to it. The withdrar,¡al of plant sap, the injeetion of toxíc safiva

and the rapid increase in numbers (Bervetí, 1965) played an important

role in killing young cereal plants.
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TABI,E XII

C0I,æARATIVE EFFECTS 0F THtl GREENBUG 0llr PÀRKLAND BARLEÏ ,

SEÏ.KÏRK LIÌIEAÎ AISD NODI{EY OATS

Age of plant
when infested h't, of
with one aptera No" of Av, no, of 11000
vivipara (days plants days requi-red kerneLs
after seeding) tested to kill plants (g,)

Plant host

Parkland barley
Selkirk wheat
Rodney oats

Parkland barley
Selkirk wheat
Roclney oats

Parkland barley
Selkirk r^¡heat
Rodney oat,s

Parkland barley
Selkirk wheat
Rodney oats

Parkland barley
Selkirk r'¡heat
Rodney oats

Parkland barley
Selkirk wheat
Rodney oats

Park1and. barley
Selkirk wheat
Rodney oats

5
6
7

t5
t6
I7

9
9

10

10
10
9

16"tn
2L.I
22.2

19.3
26"6
37.r

2/n.9
28"4
u"3

29.2
)o2
36.7

35.4
28.1
53.3

39 "r
32"7
lro "3

23.7

¡€
a

b
b

¿)
26
27

35
36
37

45
46
/+7

55
56
)I

65
66
67

a

a

o

7
7

9
7
7

10
7
7

10
7
7

9
7
7

-
13,g

7 "/,.

l.2"6

r7 "5
10"1
30,8

32.2
l5"g
28"5

&.4
]-5.5
33 "O

Parkland barley
Selki¡k wheat
Rodney oats

cheek
cheek
check

38.6
32"9
35"L

*A.r"tagus follor+ed by the same letter in each separate plant age grolrp
are not signifieantly different at 5î4

10
7
7
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TABTE X]TT

CO}IPANATTVE EFFECÎS OF THE ENGLISH GR¡.IN APHTD ON

PARI{LAND BARLEY, SELJ{IRK I,IHEAT AND BODNEY OATS

Plant host

Age of plant
l+hen infested
r¿ith one aptera No" of
vivipara (days plants
after seeding) tested

hlt" of
Avo no" of 11000
days required kernels
to kil1 plants (e.)

Parkland barley
Selkirk r"¡heat
Rodney oats

Parkland barley
Selkirk r¡heat
Rodney oats

Parkland barley
Selkirk wheat
Rodney oats

Parkland barley
Selkirk wheat
Rodney oats

Parkland barley
Selkirk wheat
Rodney oats

Parkland barley
Selkirk lrheat
Fodney oats

Parkland barley
Selkirk wheat
Rodney oats

a
a

5
6
7

L5
16
L7

¡ü
2O,9 a-
3O"2 b

39 "2
l+3.2

37"3 a

L'.! b

41"8 a

3o:e b

/¡L.l a

30.8 b

)1r"8
28.3
60. o

25 "g22.r

z.a
12"O

Ilo,7
6,/r,

2L"/+

22,2
L2.5
27 "8

25
26
1I

35
36
37

/+5

lv6
/t7

55
56
57

65
66
67

a
a

Parkland barley check 9
Selkirk wheat check 9
Rodney oats check 9

38"6
25 "O
33 "5

are not signifieantly different at 5%
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Hor,rever, the English grain aphid was the most' harnful to older

coreal plants" It was about as destructive as the greenbug but caused a

larger reduction 1n yieId, This is probably a result of its preferen-

tial feeding on the ears as soon as they are fomed. This nay be ex-

plaÍned physiologieally frorn a eonsideration of a statemont by Thorne

(t966): nMost of the carbohydrate in the grain of barley, and probably

also in that of other coreals, is formed frorn C0, assiroilated after the

ears energe. . ê . The C0, absorbed after ear eaergence by the part of

the shoot above the flag-leaf node, ineluding the ear, accounted for most

of the grain dry weight of barloy and wheat (Thorne , L963, L965) "',

Undoubtedly the corn leaf aphid was the lsast harnful aphld¡ €s-

pecially on r¡hoat and oats" 0n barley, after plants had headed out,

r-reights of 10000 kernels were similar to those of the eheck"

Rodney oats was the nost tolerant of the cereals tested. This may

be related to its larger and stronger seedlings" Young Parkland barley

seedlings proved to be the nost susceptible to aphid attaek, and Selkirk

wheat experieneed. the greatest reductions in yield..

All these results nust be interpreted in reference to the arbi*

ficial conditions of the growbh eabinets, The temperature of 22ot 1.5oC

remained constant, throughout t,he time the experinents lasted. ft '¡as more

suitable for aphid reproduction than for the growbh of plants" This may

also be true when the photoperiod is fixed at 16 hours of light per day.

Influences of both tenperature and light on the growbh of cereals are dj-s-

eussed in detail by Friend (1966). However, the check (uninfested) plants

rrere grcwn u¡d.er the sane conditions; they remained. alive and reaehed
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maturity thus shovi-ng that conditions for plant growbh were not entirely

unsuitable and that fornation of heads and r,reight of kernels could be

used for reliable comparisons"

Tn addition to the artificial growbh conditions for the plants, a

fer¡ factors must be considered if the results of these experiments are to

be compared -¡ith actual field conditions" Under natu¡aI conditj-ons the

aphid. populations rsould be genetically mjxed (with possibly greater varia-

bil-ity), rather than clones descended froro one parthenogenetic mother, fn

the fie1d, aphid populations are subjeet to attack fron predators and

parasites, and their nw¡bers are often decreased by these control faetors.

Under natural conditions, plant viruses may be transnitted by aphid. vec-

tors, thus hastening the death of plants" In the experimeats outlined

above, a single aphid was placed on each planto whereas in the field sev-

eral winged mÍgrants may set'r,le on a single plant. However, weighing all
the factors involved, the stress placed on the plants in the growbh eab-

inets was probably greater than that nomally occurring under fietd cond.i-

tions.



CHAFTER V

FIEI,D TESTS ON A}TT]BIOSTS OF BARI,ET VARTEf,IES AGATNST

lHE GNEENBI]G .A,ND T¡TE CORN IEAF APHID

As mentioned previously, Bslvett (L965) found sone evidence for

resistanee in seventeen barley varieties to four species of grain aphids,

in .Laboratory teSts" Those varieties, plus a check, were tested during

June and Juty, l.965, in the fieLd., Unfortunately, due to exeessive rain-

falI, and muddy plots, the sehedule could not be adhered to, and tho

plants Ïrere excessíve1y high (over twetrve inches) at time of infestation.

Therefore counts could not be made at the end of five days"

Due to the growbh of the plants, and the loosening of the eages by

wind and rain, some of the organdy cages rvere lifted up, allo';ing lady

beetles to enter and. destroy aphids on the barley plants" These various

factors result,ed in the discarding of counts from several of the plants

under test. Table XIV shows the nr¡nber of progeny counted eight days after

initial infestation by one aphid.

Because the plants lrere no longor in the seedling stage at time of

infestation, and because so many replicates had to be disearded, the data

in Table XIV must be interpreted with these in nind. None of the varie-

ties shor¡ed outstanding resistance to either of the two species of aphids,

and. most of then differed little in nunbers of proger¡y produced, eompared

with the eheek. There is some evidence that the greenbug established more

suceessfully, and. produced. more progerqr, than did. the corn leaf aphid"
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TABTE X]V

ÀII'T]BTOSIS OF EIGHTMN BART,EY VARIET]ES TN THE FTELD TO

GNEENBUG AND CORN LEAF APHTD, MEASIIAðD AS NUMBER

OF PNOGENY PNODUCED TN ETGHT DAYS

Corn leaf aohid

Barley variety
No"
of Progenv pXollueed
adults Range Mean

.-_ Greegbus
No.
of Progertv proÈueed
adults Range Mean

c.1. u7/*
c.I" /+220-2

Poda C "I" 652

Brachytic C"1. 6572

Sojo C.I" 54OI

Gopal C.I" 1091

c"r. 1r273-L

c.r" /+3gg

c. r.3906-1
Pasha C.I" 98/,p

Kipper C"I. 1291

Hordeu¡n vulgare B ?27

Sublaxum C. I. 223I
(Vantage X Jet,) Bt.5lq9-7
Galore C"I. 7150

B. !93

c.I. 41/+8-1

Swan (Check)

6

6

ö

3

6

1

6

7

/,

I
5

2

/*

I
?

5

2

3-25 13 "5
10-30 16"8

6-3t r'/ "o
6-26 ts.3

u4Z 19.8

20" 0

u-30 20"5

rL-32 20"9

6-35 zr.5
g-le 22.7

9-3r 23"O

22-25 23.3

18-33 23,7

rg43 25"7

19-32 26.3

2A46 28.0
29-33 33.O

7

3
('o

1

3

6

9

3

8-25 r8"/r
6-18 lo.3
8-2/r 17 "4

16-Ð r8.7
19.0

19-26 2L.7

8-21 16.0

5-22 L6"2

L/r'ZO 16"3

1

I
9.0

7-2/+ 16.2

3

/.

2

2I-29 2/*.3

1640 zo"z

8-1C 9.0

1e45 23 "0 9-L5 r?"t+
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Onee the experiments on antibiosis rórere finished and the organdy

cages renoved, the progress of the colonies r,¡as observed" the English

grain aphid r¡as added to the aphid population by placing ten r,rÍngless

adul-ts on ten uninfested plants, one aphid per p1ant"

It r+as noted that greenbugs preferred the lor^rer leaves and that

they beeame gradually fewer in nu¡nbers as the plants grew old.er. The eorn

leaf aphid renained for the longest tjme, partly escapi-ng the action of

predators by living in the r,¡horls of the plants. The English grain aphid

did not build up a eonsiderable population and r¡as observed on the plants

for a short time only, before it disappeared.

A fer¡ ros€ grass aphi-ds Ac-¡Lrthosipho4 dirhoår¡g (l^Ialker) established

thenselves on the plants and infestations of winged greenbugs and eorn leaf

aphids were also observed.

However, none of the barley plants r^¡as kiLled or badly injured,

Henee, it may be concluded that predators nust exert an important natural

control on populations of aphids"

Among the predators were four speeies of lady beetles (Coecinelli-

dae), Hippodamia convg¡ægg Guerin, cocc-inella tEg¡gversoguttata Falder-

mann, Hlppoèamig tridegj¡punctata tibiqlis (say) and 4dalia bipq¡etata (L.)

present in large numbers in the plots. Some aduLt and larval syrphid flies
(Syrphidae) and lacewings (Chrysopidae) were afso observed.



CHAPTER VI

EFFECT OIS FECUND]ÎY OF APH]DS OF REAR]NG THN4 ON

ONE HOST PI,A}IT Ai{D TRAi{SFERRTNG THO4 TO

OTTIER PLATTTS

S" grqmg¡g4, R, ma:l<l:!s and M. av€nae were cultured during their
nymphal lives on, and then transferred as adults to, each of Sr¡an barley,

Parkland barley, solkirk r,¡heat and Rodney oats, and their reproduction

measured."

Tables )CVr XIX and XIIIII show the results of these test,s. Average

nunbers of progeny produced per aphid were compared byttstud.entrsrrt test

for unpaired data (Johnson, ].?5O), The other tables shor+ the same data

rearranged and pooled as required for further statistieal analysis.

It was originally planned. to infest tlienty seedlings of each host,

but in some cases this number r¡as reduced by shortage of adequate aphids

or seedlings, or by accidental damage caused to the roots of the plants

from r,¡ires supporting the cages. Moreover, not all of the aphids which

urere plaeed on the seeond host stayed. until the eount of progeny was made;

this further red.ueed the size of the samples. a few of the aphids might

have been aeeidentally injured while transfering them. Hor,rever, it is

more likely that the reduction in m:mbeys of aphids successfully estab-

l-ished, especially when it r¡as more marked, shows a certain unacceptability

effeet, of the ner,¡ host, by the aphid.



56

Ef f ect on, f eeunditf, _of the gree¿þug

Table XV shows the resul-ts of tests which were eonducted in the

growbh room dr¡rÍng the inlinter I965/L966 and Spring L966, at a temperature

of 23oC.* 2,5oC.

Greenbug nymphs l.reïe more restless on r¡heat and adults reared to

maturity were snaller in size, than on oats or barley.

Data shor¡n in Table XV r¡ere statistieally studied by analysis of

variance (tatte XVI). Tt is evj-dent that f eeundity of S, gramj-nwn was

affeeted by the fi-rst host, on which ít r¡as reared during its nynphal liJe.
It r¡as infl-uenced. rnore by the second host, to which the adults wêre trans-

ferred and on r¿hich 1t actually reprodueed.

In order to find out wtrich were tho first and second hosts affect-
ing the feeundity of g. graminìxq, the average numbers of proger¡y produced

per aphid ïIere eompared by the'rstudenttsrr t test in Tables XVII-XVIII.

Tab1e XVII includes the data obtained. r¡hen eaeh cereal plant was

used as first host, rn the third column the greenbug appears to have a

lower focund.ity r¡hen reared on Selkirk r¡heat and. Rodney oats, regardless

of the hosts whero aetual reproduetion took place. This is further sup-

ported by the greater reduction of aphiCs successfully established. r¿hen

Selkirk i¿heat and Rodney oats were the hosts the aphids r¡rere reared. on,

as shor^¡n in the first tr¡o eolumns.

Table XVIII shows the data obtained for each cereal plant r,rhen used

as second. host. It is evident that the greenbug fecundity r,ras signifi-
eantly reduced. r,rhen reproducing on Selkirk r,¡heat (a1so shol.¡n in Table XV) o

regardless of the host on r,¡hich it was reared during its nymphal lj-fe.
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there LIas no significant difference on the other three cereal plants"

This evidence is further supported by the greater reduction of aphids

suceessfully established on Sel-kirk wheat, compared to those established

on the other three cereal plants,

Effect on feeundity of thg cotn leaf aphill

Results of tests are shor¡n in Table xrx. They were made from

Septernber to December, 7966, in the growbh cabinets where temperature üras

maintained at 21oc v¡ith a photoperiod set at 16 hours of light and g

hours of darkness"

This aphid was reared. on Selkirk wheat and Rodney oats with great

diffieulty. Adults were restless and the nymphs produeed on bot,h hosts

were minute in size. Besides, the prereproductive period was prolonged

for one day on Rodney oats and five to seven days on selkirk wheat"

Statistical analysis of data shor,,¡n in Table XIX is presented in
Table XX. Ti is evident that both fi¡st and. second hosts infLuenced the

reproductive rate of E" maidis"

Table xxr shows that the number of progeny produced by the eorn

leaf aphid r¡as significantly reduced r¡hen reared on Selkirk r¿heat and

Rodney oats, being redueed most when reared on Rodney oats, regardless of

the host's on which the aphids later reprod.uced,. This is further supported

by the greatest reduction ln numbers of aphids successfully established

when reared on Rodney oats, as sholrn in the fj¡st tr,¡o eolumns of Table XXI.

similarly, the number of progerry produeed by the aphids was

greatly redueed on serkirk r,¡heat, and Rodney oats, as ind.icated in
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Tabl-e I'XII (also showr in Tab1e Xü). Again this red.uction was most ob-

vious on Rodney oats" The nu¡ber of aphids successfully established. r.¡as

also reduced to the greatest extent on both Selkirk r¿heat and Rodney oats"

Eff ect_o_n_ f e_cundity of_ the ,1relísh erqin sph:Ld

Tests on fecundity of the English grain aphid lrere earried out j:r

the growbh cabinets under the same conditions and. almost at the same tjme

as those of the corn leaf aphid, Results are shoum in Table xxrrr"

M. avq¡gg nymphs did not present any d.ifficulty while being reared

as they stayed readily on all four host plants. However, it was more dif-
fieult to remove them as adults from the first hosts, to rdrich they

appeared to be firmly attached by means of their beaks r¡hile feeding,

Also, when placed on the seeond hosts they did not j¡rmediately settle down

to feed and reproduce, possibly due to the previous disturbanee eaused to

them.

An analysis of varj-anee is shown in Table XXIV. It appears that

the first hosts influonced reproduction of M, avenqe, but not so the seeond

host s.

Tab1e XXV indicates that reproduction was not significantly differ-
ent l¡hen the aphid was reared on Swan barley and Selkirk wheat; it was

significantly reduced when reared on Parkland barley¡ ad it vas increased

on Rodney oats. Establishnent was least successful on Swan barley"

Table XXVI shol.¡s that the aphid reproduced equal-ly well on all
four hosts, and establish¡oent rn¡as least successful on Selkirk wheat"

lf di-fferences in nu¡obers of progeny produced. per aphid in
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Tab1e XXIII aro also considered, results appear sonewhat contradictory"

^A't this point there are truo faetors which may have infLuenced the

fecundity of the English grain aphid. First, experiments with each first
host and transfers to its four second. hosts were made at one t,ime, but

this was not true for all dlfferent fírst hosts; this may explain the

apparent reduction of nunber of progeny produced r¡hen the aphid r+as reared

on Parkland barley (taU1e XXV), which in turn might have been influenced

by unknor.rn factors. Secondly, the behaviour of the Ernglish grain aphid

r¡hen transfemed to the second, hosts, because it did not immediat,ely settle

dor.m; henee reproduction rnay have started at different times. This be-

havioural factor night have affeeted si¡ilar1y all of these experiments in

the same way. The method might not be the most appropriate for this par-

ticular aphid; j-f counts r+ere made eight or nine days later the effect of

the seeond factor night be reduead,

Though there is no praetical evidence in Tables XXIII-XXVI, it ap-

pears that none of these four host plants espeeially affects the rate of

reprodueti.on of U. avq¡e-g (as lndirectly shom in Table uvl), and, if any

at all, Rodney oats may increase it (also indirectly shown in Table XXV).

This v¡ould appear to be supported by the observed larger size of adult,s

obtained on Rodney oats than on Sr,¡an barley, Selkirk r¡heat and Parkland.

barley.
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TÀBLE XV

PR0GENY PAODUCED BY I,IINGLESS ADULT GFEEI\BUG RIIARED 0N Oi{E

HOST PI,Aiff AND TRAT{SFERRED 1O OTI]ER

HOST PT,ANTS

First host Second host
I\o. of No" of aphids
aphids successfully
trans- established
f erued

No. of progeny
produced per
aphid in 6 days
Range Mean

Swan barley Sr^ran barley (eheek)
Parkland barley
Selkirk wheat
Rodney oats

Parkland barley Swan barley
Parkland barley (cheek)
Selkirk r¡heat
Rodney oats

Selkirk r¡heat Swan barley
Parkl-and barley
Setkirk r¿heat (check)
Rodney oats

Rodney oats Swan barley
Parkland barley
Selkirk wheat
Rodney oats (check)

20
18
20
18

20
u
19
13

20
u
10
t7

1946 27.9
23-32 26,5__
5-33 20"30

2l-37 27.r

rg.-37 25 "5Lg-36 27./r_-_-
5-36 !9 "z*12-37 30"3

1547 23 "8L8-32 25,1
12-27 20"7
15-33 zln"r

D4A 22"6
19-30 zL.rú-za zo.g*
2L-3L 25,3

v
20
20
20

18
13
l/+
11

5

u
10
19

u
t_o

o

t5

20
20
20
20

]{
_'_ lvleans significantl-yxg--' Ì"Ieans signif icantly

d.if f erent
different

af 5% Lo
at, I% to

corresponding check
coruesponding check
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TABIE XVI

STATTSTTCAT ANAT.YSTS OF PNOGEM PBODUCED

GAffiNBUG BEARED ON ONE HOST PI,AIST AND

OÎHER PTA}MS

ffi AFTEROUS ADUtl

TRANSFERRED TO

First host Seeond host
Aphids
successfully
est,ablished

Sum of proger\y
produced
in 6 days

Swan barley Swan barley
Parkland barley
Selkirk r¡heat
Rodney oats

Parkland barley Swan barley
Parkland barley
Selklrk wheat
Rodney oats

Selkirk v¡heat Swan barley
Parkl-and barley
Selkirk wheat
Rodney oats

Rodney oats Swan barley
Parkland barley
Selkirk r¡heat
Rodney oats

-a- L6t
Total= 61 . 15o3-

18 /r5g
13 356
r/v 269
11 ???

Total = 56 LLIT

20
I4
10

2

u
10
lqz

Tota1 = L8

558
37r
203

II9
352
207
L57

LL35
L/+
ß

9
J5

Total = 5L

3l'6
387
188
37o

T270

Swan barley
Parkland barley
Selkirk r¿heat
Fodney oats

57
57
43
62

Total = zIq

l/52
t/+66

867
1630
5LI5

Grand total = 5 r/Ã5 )
Correction factor = 5 r/+L5* z 2]) - l-33 ,89I
Total sum of squares = I4I.L55 - I33,89L = 7 ,26/+
Fj¡st host sr¡n of squares = 1341163 - ]-33r89l- = 272
Second host sur¡ of squares = 1351026 - l33r89l = l-¡l-35

Source of Variation
Total
First host
Second host
Residual

S.S. d.f. Varianee F
7 126/,þ 218

272 3 gA"7 3"2g:--
L rr35 3 378,3 13 .7r*t
5 1857 212 27 "6

5/" Liá

2.65 3.88
2.65 3,88

3Ê

x* Significant
Significant

ar 5%

at I%
leve1
leve1
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TABI,E XVI]

EFFECÎ O}I NUMBERS OF PROGEM PNODUGED BY APIEROUS ADUTT

GREEIÙBUGS REARED DUR]i\iG }TTMPHAL TT¡'E ON

FOUR DTFFENENT HOST PI,A}fIS

Host
No. of adult aphids
transferred to
other hosts

No, of aphids
sueeessfully
e stablished

Av" no" of
p?ogeny produced
per aphid in

6 days

Swan barley

Parkland barley

Selkirk wheat

Rod.ney oats

76

66

75

80

6L

56

i+8

5/+

26"I a"

25 "3 ab

23.6 b

23.5 b

* Iul.uos fol-lowed by the same lette? are not significantly different
^+ Êolav )/o
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TABLE XVIII

EFFECT ON NÏJMBENS OF PROGENY PRODUCED

GBEENBUGS ON FOUR HOST PLAÀTIS

0F THE HOSTS 0N I^IHICH THEI

PROVTOUSLY AEANED

BY AMENOUS ADÜLT

REGANDTESS

hIERE

Host
i{o. of aphids
transferred

No. of aphids
suceessfully
established

Av. no. of
progeny produced
per aphid in

6 d.ays

Swan barley

ParkLand barley

Selkirk wheat

Rodney oats

75

72

79

7I

57

57

/-3

62

25 "5

25.7

20"2

26"3

a

a

o M"urrs followed by the same letter are not signiflcantly different
ar 5%
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PROGENT PRODUCED BY

ONE T{OST PI,AIIT

TABI,E XÏX

I^ITNGLESS ADUTT COfu\ IEAF APH]D REARED ON

AND TRANSFERRED TO OTiiER HOSI PI,AI\NS

First host Second host
No. of No. of
aphids aphids
transf erred successfully

established

No. of proger{y
produced. per
aphid in 6 days
Range Mean

Swan barley Sr¡an barley (check)
Parkland barley
Selkirk wheat
Rodney oats

Parkland barley Swan barley
Parkland barley (eheck)
Selkirk wheat
Rodney oats

Sel-kirk r¡heat Swan barley
Parkland barley
Selkirk r+heat (cbeck)
Rodney oats

Rod.ney oats Swan barley
Parkland barley
Sel-kirk r,¡heat
Rodney oats (check)

20
20
20
20

20
20
20
20

20
18
20
20

ry
U
U
I5

lq
L5
I
/*

18
20

9
7

L7
t3
u
10

.)

.{

9
3

L445 2/r"5
L7-32 24.9_-_.
3-r5 7.5::
3-8 5"2'''

lln+o 22"6
L3-30 20"5_.__

5-24 11.8Ï
/r*g ?'O*

e-25 18"r-'
5-26 !/r"/oxx
1-U+ 7.2
L-L3 6"+

6-10 8.1
7-L6 r2.O
2-L5 7 "73-7 5.3

* M"un, significantly different at L% t,o corresponding check
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TABLE XX

STATÏSTICAI ANALYSÏS OF PBOGEIVY PRODUCED BY API'EROUS ADULT

COB}T I,EAF APHTD REANED ON ONE HOST PLAIVI A}D

TRANSFERNED TO OTI{ER PI¿.}{IS

First host Seeond host
Aphids
successfully
established

Sum of progeny
produced
in 6 days

Svan barley Swan barley
Parkland barley
Selkirk wheat
Bodney oats

Parkland. barley Swan barley
Parkland barley
Selkirk wheat
Rodney oats

Selkirk r+heat Swan barley
Parkland barley
Selkirk wheat
Rocl.ney oats

Rodney oats Suan barley
Parkland barley
Selkirk r"¡hoat
Rodney oats

T7 307
13 18?
U r01
IQ 64

-tond---JÁ,-- -*-6J2326

T9
v
I

20
9

465
37/+

60
2L

0

çLO
106
/Ð

97l-
7

Total = 5L

3
9

J
Total = 18

36
6q
16

TL7

Swan barle¡'
Parkland barley
Selkirk r+heat

Source of Variation s.s. d"f. Variance F __5ft_ _M__
g37.3 ?1,28Ï 2,67 3.gL

2r26L"3 l-,7:-.96* 2"67 3,gr

57
5L
/+o

L20/,,
10û7
336

Rodney oats _?L 150

crand-totãï- = zW* 
*- 'T-o\'aL = - L72 

-- 
Jl697 -

Correction factor = 2697' z L72 - /+2,2gO
Total sun of squares = 5/+rO55 /+2r29O = 111765
First host sun of squares = 45rl-02 - /+2r29O = 2r8Lz
Seeond host sum of squares = /+9rO74 - t+2r290 = 6178/*

lotal
First host
Seeond host
Resid.ual

2r8r2
6 r78/+
2 rL6g

I7T
3
?

ß5
x Significant at 1% Ievel
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EFFECT ON

CORI\

TABLE XXT

NTMBEF.S OF PROGEM PRODUCED BY APTEROUS ADULT

LEAF APHTDS REARED DIIR]NG ]'TN\iPru,L LÏFE

ON FOIiR DT,îFEF,EIXT HOST PI,AÀTIS

Ilost
Noo of
adul-t aphids
transferred to
other hosts

No. of aphids
sucee ssfully
established

Av" no. of
progeny produced.
per aphid in

6 days

Sr+an barley

ParkLand. barley

Selkirk i,¡heat

Rodney oats

80

80

l0

OU

4,6

5/+

54

18

20"0

18"0

12.2

8"2

}[
a

a

b

c

* M"urr= follor¿ed by the same letter are not signifieantly different af I/,
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ÎABIE L{IT

EFFECT ON NIJI'IBERS OF PNOGENY PNODUCED BY AruEAOUS ADULT

CORNI,E"A,FAPHIDSONFOURIIOSTPLAMSATIGÂEDIESSOF

TiIÈ HOSTS ON 
-WHICH THEY I,IERE PREVTOUSTY NEARED

Host

Av. no. of
Ì'üo. of aphids Progeny Produced

No. of aphids suecessfully per aphid in
transfer-red established 6 daYs

Swan barleY 75

Parkland barleY 73

75

75

57

5T

/+o

u

E
21.1 a"

L9'7 a

8"t+ b

6.2 e

Selkirk i¡heat

Rodney oats

* M"arrs followed by the sane letter are not significantty different af 5%
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TABI,E XXTÏI

PROGENY PRODUCED Bf I.ITNGI,ESS ADUTT ENGLISH GRAIN APHIÐ

REARED ON ONE HOST PLANI AND TRÄNSFERRED TO OTHER

HOST PIAMS

First host Seeond host
No" of
aphids

No. of
aphids

transferred suceessfully
established

No. of progeny
produeed per
aphid in 6 days
Range Mean

Swan barley Sr^ran barley (check)
Parkland barley
Selkirk wheat
Rodney oats

Parkland barlev 
Siin"tliätil"r"v (cheek)
Sellirk '¡heat
Rodney oats

Selkirk wheat Swan barley
Parkland barley
Setkirk whoat (check)
Rodney oats

Rodney oats Swan barleY
Parkland barley
Selkirk r¡heat
Rodney oats (check)

L2
L3

9
11

L7
20
L2
18

20
L9
20
19

20
20
20
20

l-5-2]- 18,2
12-23 1?"8__
15-27 zr,J.:*
8-19 U.6'--

7-tg L2"9
11-17 13"8
11-1e U.5
r2-1á L5"/f

L2-24 18"4*o
u*29 20.0'-'
10-22 16"1
r2-2L 16"5

g-25 tg "8u-25 20.1
u-27 L9.7
r5-3r 22.6

L9
20
20
20

20
L9
20
20

19
L9
L6
19

18
t7
L5
r8

q6

*${
Means signifieantly
Means significantly

different
different

at, 5',4 to
at Lf" to

corresponding check
corresponding check
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TABIE XX]V

STAT]SÎTCAL ANALYS]S OF PNOGENT PNODi]CED BT AFTEROUS ADUTT

ENGLISH GRATN APHTD REÁ,RED ON ONE HOST PLA}I'T AND

TNANSFI]RRED TO OTIIER PI,ANMS

First host Seeond host
Aphids
successfully
established

Sum of progeny
produced in

6 days

Swan barley Sr^ran barley
Parkland. barley
Selkirk wheat
Rodney oats

Parkland barley Swan barley
Parkland barley
Selkirk whsat
Rodney oats

Selkirk wheat Swan barley
Parkland barley
Selkirk wheat
Rodney oats

Rodney oats Swan barley
Parkland. barley
Selkirk wheat
Rodney oats

19 350
19 380
16 257

_L2- 3u
tqLa] = 73 1301

18 357
17 3/r2
v 296
18 LA7

al= -6ã W

L2
13

2r8
232
tg2
16!
803T

9
11_

otal = L5
I7
20
T2
18

Total = W

220
277
r74
?78

-- --*Yl:7

Tot

Swan barley
Parkland barley
Selkirk lvheat
Rodney oats

66
6g
52
66-

Total = 253

7L45
t23L

9L9
1160
/,L55

Grand total = 41455 ,
Correction factor = l+/+55* z 253 = 78¡W
Total sum of squares = 82Ð23 - 7814.+7 = /o1476
First host sum of squares = 791863 - 78rW = Lr/+I6
Second host sr.¡m of square s = 78 ¡456 - 78 1447 - 9

Sourc_e gL VgLiation S.S_"_ _Èr!r_
Total /urln76 252

Variance

First host
Second host
Residual

rr/+L6 3
93

3 r}5l- 2l+6

5/" 7/,

38.06*Ê¡{ 2"6/, 3 "87
o "2A. z "6/, 3 "87

/+72.0
3.O

L2./n

*x Significant ai L% l-evel
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TABLE XXV

EFFECT ON NIMBERS OF PNOGE}]T PBODTJCED BY AFTEROUS ADULT

ENGLTSH GBATN APHTDS REARED DÎIRTNG NYI'ÍPHJ,L TIFE ON

FOUR D]FFENEM IiOST PLAI\]TS

:=::=
No. of Av" no. of

Host aduLt aphids No" of aphids progeny produced
transfemed to successfully per aphid in
other hosts established 6 aays

Swan barley

Parkland barley 80

Selkirk wheat

Rodney oats

78

79

79

45

67

t)

oö

1?,8 a*{

u.2 b

17.8 a

20"6 c

* M"urrc followed by the sane letter are not significantly different al L%
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EFFECT ON

ENGLTSH

OF TI{E

TABLE XXVI

I{UMBERS OF PAOGENY PRODUCED BY APTEROUS ADULT

GRAII{ APIITDS ON FOUR HOST PTAMS REGANDLESS

HOSI'S Oli] i,\iHICH THgy IIERE PREVIOUSIJ REARED

Host
No. of aphid.s
transferred

No. of aphids
successfully
established

Av. no" of
progeny produced
per aphid in

6 days

Swan barley

Parkland barley

Selkirk wheat

Rodney oats

79

78

80

79

66

69

5z

66

17 "3

17 "8

r7.7

L7,6

The numbers of progeny produced per aphid are not significantly difforent



CHAPTEN, VT]

I{OST PREFEFENTE OF CEREAL APHIDS

$. graminr¡:n, &. g5!þg and $" ave&q_q lrere al]ol'red to choose host

plants from anong Swan barley, Parkl-and barley, Selkirk r¡heat and Rodnoy

oats seedlings arranged in sueh a mann€r that each aphid could easily

reaeh any variety by walking or flying (see Chapter TII). P1ants were

also cfose enough to each other to perrnit the aphids to leave the first

host and to move to another if the first one lras not suitable"

the objectives of these ex¡leriments were pri:narily to find out if

any possible difference in host preferences exists for the various aphid

species, and also to find out if any possible difference in preferences

exists for the two rnorphs, wi:rged. and wingless sunmer viviparae, beeause

their means of moving are quite dj-fferent: flight vs r,ralking. Hovrever,

the alate morphs could also reach other hosts by walking if their flying

muscles became atrophied.

Nymphs lrere present in large numbors on the souree plants and also

on the test plants on which the adul-ts were eounted" l{ynphs were allovred

on the souree beeause some of them ivould reach the adult stage r.¡hile the

experiment was in progress. Nevertheless, they were not considered in

the data beeause some could have reached the hosts by vralking from the

source, especially the old.est ones at the tine of counting. However they

could also have been produced by the adults that rçere established early

after the experipnents began. Smaller nymphs could have shown a certain

d^egree of establishment as a measure of reproduetion on each host, but
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they could also have either l¡alkecl by themselves shor"bly before the final
counts, or have been proger¡y of a mother that left the host to move to

some other just before the eount,

Data 't+ere statistieally analysed by the analysis of varÍanee tech-
nique shown in Tables xxvrr - xxu. This permitted the finding of ar¡y

possible different distribution of each aphid species on the hosts and

possible different distribution of each morph" At the same t,i:ne it re-
moved the faet that all four replicates were not equidistant to the source,
and that the numbers of winged and. wingress adults may have differed.
greatly"

Host pr_Cerence of the greenblrg

ït r¿as mentioned in chapter r/ that the greenbug is especially
destructive to young cereal plants. Here that same characterÍstic shor,red

again, because the final eount had been planned for five days after the

introduction of the source plants, which arready were badly damaged. The

aphids moved quickly to the test plants and setiled dor.rn in very rarge

numbers on those of replicates rr and rÏr. on the third day the plants
began to appear affected, ad thus the final count was mad.e the nert day"

However at that time it was already too late: the aphids had severely
damaged and abandoned the sr¿an barley, parkland barley and. Rodney oats

seedlings in replieates rï and IlI (the closest to the source). Neverthe-

less, the eount r¿as mad.e in replicates I and IV where all the plants were

sti1l healthy,

Data and statistical analysis are shom in Table xxVII. The green-

bug shorved no significant preference for any of the four host plants
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tested, nor did its tr+o morphs significantly differ in their distribution

on then, The distribution on the hosts r^ras different betr,reen the repli-

cates.

Host p_refereace of the corn leaf aphid

Although the source plants were not watered during the experÍment,

they lrere heavily infest,ed rvith aphids, and they appeared to be suitable

enough for the wingless adults because a considerable number of them would

not abandon the plants" 0n the thírd. day the seedlings were eut and

evenly spread on top of the soil of the source; this r+as done to make the

aphids look for other hosts, The count of aphids r¡as made five d,ays

after the hsavily infested source was introduced"

Data are shor¡n in TabLe XXVIII. The statistical analysis shows

only a significantly different distribution of aduLt aphids on hosts.

This difference was tested by ttS¿o¿entrsrr t test and is shor,rn in the last

column of the tab1e" Significantly fewer numbers of adult aphids settled

on oats and r.¡heat, which may be considered as non-preferonce. There l¡as

no difference j¡r preferences betr,¡een the two morphs.

Host preference of the ftiglish grain aphid.

This aphid produced. many winged. norphs as soon as the host plant

conditions beeame less suitabl-e" The latter Lras forced by r.rithholdÍng

r^rater from the heavily infested source plants. The winged aphids readily

left the source and infested the host plants" However, the vringless

females did not behave similarly and the source plants r¿ere eut and. spread

as mentioned in the preceding experjment"
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The statistical analysis for the data shor¡n in lable XXIX shor,rs

no speeial preferenee of 14, avenae for any of the hosts, and. no prefer-

ence differenees for the morphs. The only real di-fferenee in the

experiment is that the nunbers of vringed adult aphids surpassed the

numbers of r+Íngless ones.



TABI,E XÍVÏI

DATA AND STATTSI]CAI ANALYSIS ON NUIVIBEBS OF SI]¡fl'1ER VIVIPARA

GFEES]BUGS ALI¡l¡IED TO CHOOSE Ai{ONG FOUR HOST PLA}TIS

*,='
No" of wi-nged adults No. of-wig8less adults Total

Host@@no'ofMeanr ffi rv Totat r lr rri rv lotal aPhids

Swan barloY

Parkland barleY

Selkirk wheat

Rodney oats

L2

35

)4

L6

L/+

30

19

2I

99

o)

70

73

2/r"7

23 "O

L7.5

l8 "2

33 /r5

9 /'-L

9 3l+

'ì? ,o

40 54

18 lv9

L7 36

23 4l*

88 6/+ L52 8/+

Grand total = 334 /)

Correction factor = 3)/f z 16 = 61972

Total sun of squares - 81310 ,' 61972. =-\g338,
Replicates sum of squares _=-6197,8 ' 6n97?

Rosts sum of squureJ = 7 t!23 - 61972 = I5-+

i"lorphs sum of iqu"""t = 7 eo28 - -6t9ZZ : -26ttori" x Morphs s. s. = 7 r2o5 ' 6'792 - 15l---56
Hosts x nepiicat,es sn so I 81118 '6t972 - 151 -

Source of Variation =S:-Ë" dlÊ' Variance
G[ãt-- L,338 L5

Replicates 6 I 6'0
Hoits r5r 3 5o"3
Morphs 56 I 56'0
Rosts x Morphs 26 3 8"7
Hosts x Repiieates 959 3 329 '7
Resj-dual 110 lr 27 '5

g8 182 33/+

=266 =989

l__
0"22
L.g3
2.O4
o"32__

Lr.ggn

5f. Lf"æ
7 "7r 2r,20
6.59 L6"69
7.7L 21"20
6.59 t6"69
6.59 L6"69

x Significant at 5/" LeveL



TA]]I,E XXVI]]

DATA AND STAT]ST]CAL AI{AI.f,S]S ON IVUÞIBERS OF SUT{VER VIVTPARA CORN

I,EAF APH]DS ALLOIÙED TO CHOOSE AMONG FOUR HOST PI,AI{TS

I{ost
l{o. of r'¡inged adults lrro" of wing}ess adults Total
_ Rgplicates Replicates no.of MeanI TI IIt fV Total- I Jl- rir fV Total aphids

Snan barley 3/,,

Pa¡kland barley 10

SeLkirk r¡heat 17

Rodney oats 7

29

99

L7

9

53 3/+

37 L5

11 B

75

L50 28

161 u
537
283

38 16

t9 18

L79
62

3L

L9

9

113

7A

/þ2

I/+

263 32"9 a+

23I 28"9 ab

95 1f'9b

42 5"2 b

68 r5/+ 108 62 392 52 62 80
Grand total = 63l-
Correction faetor = 63I¿ z 32 = lTrlrlrj
ïot31 sum of sgìrares - 231669 - tTnftj = IL¡ZZ6
Replicates sum of squares_ ;.13 c4tt- - LZ./,,L3 = IrO3g
Hosts sun of _squares = J.6$65 - l¿r443 

-= 
l¡rZ2Z

lvlorphs sum of squares = L3]7Å, - LZ.M3 = i3I
Hosts x Morphs s, s. - L7rgJ:O - ITr|lrj - 4,ZZZ - 73LHosts x Replicates s. s. = 19rg68 - IZr/,,.+3 - 4.ZZZ _

11038 3
41222 3

73t 1

/,5 239 6lt

=5U
11038 = 2rL65

F 5% L1¿

l_.70_._- 3.49 5"956.6r** j ./rg 5.95
3.U /+.'/5 9.330.81 3.49 5.95l.l3 2.80 /r.39

Souree of Variation S. S"Total Li-,226
Vari-ance

3/16.2
L r/+07 "/+

73r"0
l.7I.4
2/+0"6
2r2"9

Replicates
I{ost s
Ì'lorphs
Hosts x Morphs 5I/, 3
Hosts x Replicates 21165 g
Re sid ual 2 1555 t2

** Y1u":_followed by. the same letter are not signlficantly different ai 5,/,"-' Significant at I% l_evel
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DATA AÌ{D STAT]STICAL

ENGI]SH GRA]N

TABI,E XXTX

ANALTS]S O¡I NI]MBERS OF SU},N4ER VTVIPANA

APHTDS ALIOi^IED 10 CHOOSE A}4ONG

FOUR HOST PI,At'nS

Host
No, of wineed adults

Replicates
I Iï IIl Iy Total

IJo" of r¿i¡rgless adults- Total
Replicates no.of Mean

I II III il Total- aphids

Swan barley

Parkl-and. barley

Selki¡k wheat

Rodney oats

722

918
525

109

825

2/+ 15

11 13

277

L23
6l-3
67

l-28

55
33
2a

33

25 87

25 9r

L9 73

26 79

10"9

LL,/*

o1

oo

62

66

5/,

53

3L 74 70 60 235 36 3r
Grand total = 330 

^Correcti.on factor = 33O' z jZ = 3 r/+O3Total sum of squares - 5rO82 - 3r4O3 = Iþ79
Replicates sum of squares = 3 ,5ú - 3 r4O3 - lO3
Hosts si¡n of squares - 3 r/+27 - 3 r4}? = ZL
Morphs sum of squares - /+rOL6 - 3 rL03 - 6L3
Hosts x Morphs so so = /¡rO53 - jr4O3 - 24 - 6L3
Hosts x Replicates s" s, = 31832 - 3r4O3 - Z/,þ -
Source of Variati-on S. S. _d"f . VarianceroilIF- 3r é

u14 95 330

-L3
1n? =

F

302

E/o

Replicates
Hosts
Morphs

I%

5.95
5 "95
9 "33
5 "95
4.39

Hosts x l{orphs L3
Hosts x Replicates 3Oz
Residual 6zt,

3 3/*"2
3 8.1
r 612.5
3 4.39 33"512 52"0

0.66 3 "Lg
0.16_-__ 3 "lngLI"77u /r.75
0.08 3./Ð
0"6/, 2.80

r03
2/,,

6L3

gx'-' Significant at I% level



CHAPTER VIII

SUJ"['4ANY AND COIqCLUSIONS

This thesis deals i,¡ith some relationships between the greenbug,

Sehieaphis qlggþqg (Rondani), the corn leaf aphid', 3Lry.þeiphuq

maidis (ri-ten) and the English grain aphid, Maæ.glpM re9. (Fabricius),

and varieties of barley, Ho.rdeum vulgare L., ivheat, Tr,iLiqlujl Le-Êligg L'

and oats: AISa sativa L"

The effects of the three aphid species on Parkland barley, selkirk

r.¡heat and PUcdney oats at, various stages of plant growbh tnrere studied in

growth eablnets, and the following were revealed:

(I) g" elaflUlnun.r¡as the most destructive aphid. on Parkland barley, because

it kil}ed the younger seedlings nore quickly. M. avenae killed' older

plants more quickly and caused the greatest reductions in weight of

kernels, &. ga&. appeared to be the least harmful speci-es of the

three tested"

(2) g. eramlr-ruq also killed the younger Selkirk v¡heat seedlings more qui-ck-

ly. For older plants U. aveqae Ïras as harmfuL as g' 8¡am:!!!9¡ es-

pecially if reduetions in the weight of kernels shor¿n by both aphids

is considered. E. g.& did not successfully establish on selkirk

r¡heat "

(3) On Rodney oats $. gf,gprf-Pg$ was the most destructj've; U" æ' was

only capable of causing eomplete death of one age group of plants,

though it did cause greater reduction in weight of kernels" 8" mq,i4ig

did not suecessfufly establish on oats"
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(lu) Ro¿ney oats plants survived longest (most tolerant) tf¡e attack of

theaphids.TheyoungestplantgroupsofParklandbarleywere

killed more quickly than those of selkirk wheat, but the reverse

r,¡as true for the older age groups. The reduction of weight of ker-

nelsrniasgreatestforSelkirkv¡heat,followedbyParktand'barleyand.

Rod.ney oats.

seventeen varieties of barley that had previ-ously shovrn some

evidence of aphid resistance l^Iere tested in the field' against the green-

bug and the eorn leaf aphid. unfortunately, poor weather cond'itions

ruined many of the replicates and thus only parts of the data r¡ere of use"

Experíments lrsre done to evaluate the possible influenee of change

of hosts, including swan barley, Parkland. barley, Selkirk r¡heat and Eodney

oats, on the reproduction of the aphid species mentioned above" the fo]-

Iowing observations lslere rnade:

(I) Ê" sramigllm appeared to have a 1or¡er feeundity r¡hen reared on Selkirk

r¡heat and Rodney oats, regardless of the hosts on which later repÏo-

duction took place. Tt was also evident that greenbug fecundity was

reduced r¡hen it reproduced' on Selkirk l¡heat"

(Z) ffie number of progeny produced by R" qf.êþ r,¡as reduced when feeding

on Rodney oats and selkirlc wheat,, both when reared on oats and r'¡heat

and r¡hen transferred to them" This was nost obvious on oats"

(3) It was not possi-ble to d.raw any conclusions eoncerning the reproduc-

tionofU.æ'9',possiblyduetoabehaviouralfaetor.

Finally, the same aphids were allor¡ed. to make a free choice of

hosts from among Swan barley, Parkland barley, Selkirk r¿heat and' Rodney
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oats in the growbh room" It, r.ras found that:

(1) Adurt å. glam@ sho"¡ed no preference for the four hosts testede nor

d.íd. its two morphs, winged, and r^rlngless surnmer viviparae, differen-

tially settle dor,¡n on them.

(Z) muft &" maidis shor,¡ed a preference for barley and a non-preference

for oats and wheat; the winged and wingless females d.id. not differ in

their preferences.

(3) Adult S. aqgA-q shor¡ed no special preference for any of the hosts"

The alate and apterous sunmer viviparous morphs also showed no special

preferences "

Hence, 1t may be coneluded that S. gral4inurg is the most harmful

aphid for young eereal crop seedlings, and ii. avenae. for older plants on

r¿hieh it consiclerably reduees yields. This evidence is further sutrrported

by the fact that both aphids prefer equally vrell barley, wheat and oats,

though the greenbug f ecund.ity is lor,rer on r¡heat. &. maiÈig proved t'o bo

tho least harmful of the aphids tested, which is also supported by its

red.ueed reproduetion when confined t,o oats and wheat. It also shows a

certain degree of non-preference for the same hosts' Barley is the host

plant that appears more likely to be threatened. by the attaek of these

three aphid speeies.

l¡Ihen there is a change of hosts aphid reproduction may be j¡-

fLuenced as shor,m 1n the greenbug and tho eorn leaf aphid. Thls may be

espeeially important in experimental teehniques involving aphids.
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Ho-wevero all these conclusions must be interpreted in reference

tc the arti-ficial conditions of the growt,h room and cabinets, as r,rell as

the aphids used. Factors such as temperature, other r¿eather conditions,

genetical background of the aphids, predators, parasites, aphid. morphs

and biotypes, and transmission of plant virus diseases may greatly in-

fLuence siniLar experiments.
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