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I^Ianj ama,
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Joseph Kl-mani. Ph.D. The Universíty of Manitoba

1986. Studies on Greenbug, Schizaphis qr,ûn¿nwn

(Rondani) (Homoptera:Aphidídae), ín Kenya.

with Specfal Reference Ëo Host-Plant ResisËance.

Major Professor: N.J. Hollíday

ASSTRACT

Frequent greenbug , Sehizaphi.s gz,aminum (Rondani), outbreaks occur fn

Kenya and cause extensive damage to cereal crops especially wheat. Due

Ëo a lack of inforrnaÈion on greenbug concerning íËs bíology, ecology and

host-plant interactlons no inËegrated conËrol has been possible with a

consequence thaÈ insecticídal use ís the onJ-y method of control avail-

abIe. Studies were initÍated Èo identífy wheat cultivars thaË are likely

to resfst greenbug attack and to investigate some factors that may have

led to the economic irrporËance of thís pest.

A total of 50 r¿heat entries were included in initial tests for host-

plant resistance against Èhe greenbug, 5. gnantínun ín l_982. Antíbfosis

of hosË-plants was determined by the capacÍty for increase (r") which

was considered to be a better estimate of the reproducËive performance

than the net reproductive rate, Ror (fecundity). Although there were

no signf-ficant differences among the entries tested, retesting \,¡iÈh six

entries (four htghesÈ and tr¿o lowest in r") in 1983, and 1985 showed

signifícant differences. Tol-erance in 1982 was deternined by the ability

of the greenbug-damaged planÈs Èo recover and produce graín. In addítion

to grain yield, seedlíng dry weight was found Ëo be a good indicator of

the impact of greenbug feeding in 1983 and 1985. AnÈixenosis uras
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determined by counting the greenbugs that settled on Èhe various wheat

entríes. Both alatae and apterae vlere used in the greenhouse. In the

field, antíxenosis was determined by the number of imrnigrants that landed

on the wheat entríes. Most entries were susceptible but Kenya Fahari

exhl-bíted some resisËance by a1l the mechanisrns'

Yellow $rater traps were fourl.d to be completely ineffective ín catch-

íng 5. gpúni,n\,4tn whíle clear sticky traps caught this aphid species at

1.5, 3.0, 4.5 and 6.0 n above ground. Two flight periods were distln-

guished each year; the first one occurred from June to September when

caËches were frequenÈ v¡iËh a peak in July or August; in the second one,

from October to February low numbers of greenbugs were caught. No green-

bugs were caught from March to May. PopulaËion build up after ínitial

infestation r,ras adversely affected by heavy precípitaÈíon. As a result

of these sÈudies, it ís recommended that wheat ín the area of Njoro

should be planted early, in April, to avoid synchronízing Èhe susceptible

early seedling stage wiËh the Èime of greenbug invasion.

Paedogenesís was found to occur among both alate and apterous green-

bugs in the fourEh instar and was ínfluenced by tenperature; the in-

cídence of paedogenesis was O, 0.46 and 3.93% at L5, 21 and 25oC re-

spectively among alatae and occurred only at 25oC among apËerae with

O.g3% reproducfng paedogenetícally. Twelve percent of alate greenbugs

produced alate offspríng \dhen cro\^Ided as fourth instars followed by a

second crowding soon after Ëhe last moult. The two phenouena were

thought to be adaptaÈions enabling greenbugs to exploit ephemeral

habítats.



Theamountofheterogeneityingreenbugpopulationsvariesfromone

yeaÏtoanother,anduaybereducedbypossibleselectionduringthe

dry years. It is suggested that factors increasing heterogeneity are

genetíc mutation and irnrnigration of individuals frou areas where sexual

reproductíon maY take Place '



CHAPTER I

INTRODUCTION

1.1 The Greenbug Problern

The greenbug, schizaphis gnaminum (Rondani) (Homoptera:Aphídidae),

is a widely distributed aphid occurring ín the Uníted States of Amerl-ca

and canada, some parts of south America, Europe, ussR, rndía, East and

south Africa (Hil1, 1975). rts major host is wheat, Tz,iticum aestiuum

L., but it also attacks other cereal crops e.g. barley, Hordeum uuLgare

L.; oats, Auenn satiua L.; sorghum, Songhum bicol.oz, L.; millet, ELeusirte

cora.cana. L; rye SecaLe eereale L. and is also reported on many other

species of grasses (Dahms et a1., L954; Starks et a1., 1975).

Injury Eo the plants is caused through direct sucking of the plant

juÍces, and injecÈíon of toxic saliva that damages plant Ëíssues and

causes them to díe (Starks and Burton, 1977). hheat ís most susceptible

to greenbug attack when in the seedling stage, parÈJ-cularly the two leaf

stage (Starks et a1., 1975). The ability of greenbug to transmit barley

yellow d¡,¡arf virus (BYDV) to both whear and barley (ci11- , \967) furrher

explains the seriousness of thís pest..

In Kenya, greenbug ouÈbreaks are frequent and result in extensive

damage to crops (Wanjaroa, 1979). The control ís entirely by use of

insecticides because there are no resistant wheat varíetíes grown 1n

Kenya. Elswhere greenbug has developed resistance to insecticides

(Teetes eÈ a1., 1975) and reliance on insecticides is not an adequate

long terrn solution to the problen.



hlheat ranks second to maize in ímportance in Kenya' among food crops

(Anon. ,1-gB2), r.¡ith a fluctuatlng annual production that has been below

self sufficiency, except in L976 (Anon.,7976). Therefore any factors

that further reduce the production Índirectly díctate an increase in

r^rheat importatíon. The greenbug J-s one such factor, and hence there is

a need to conduct studies aimed at reducing the losses it causes.

1.2 Objectives

The studies were approached with the following objectives:

i. To l-nvestlgaÈe whether resístance to ,9. gr'øninum is found

among the wheat germplasm avaíIable in Kenya.

ií. To determine the pattern of the flight periods of the

greenbug in KenYa.

iií. To find out the extent. of variation between greenbug popu-

lations from several wheat fields in Kenya.

ív. To examjne sone biological aspects of 5. grøninum that are

likety Ëo influence íts rate of increase'

v. To determine r¡hether resistance to 5. gnøninum varíes in

different cereal croP sPecies.

1.3 Thesis Organization

This thesis is a report of research work carried out in controlled

environments, greenhouses and the field at the National Plant Breeding

StaËion at Njoro, Kenya, ln 1982, 1983 and 1985.



Chapter II is a revievr of pertinent literature. Chapter III pre-

sents the detailed report of the research in five parts, each written

in a scientiflc paper style suitable for publlcation. It l-s anticlpated

that Part I wíll be submitted to Èhe Bulletin of Entomological Research,

Parts II and III Ëo Insect Scíence and ApplícaÈion, and Part TV to

Enviror¡mental Entonology. Part V may not be suburítted to a journal, but

is wrltten in the sÈyle of the Bulletin of Entomological Research.

Chapter IV contains a general discussion.



CHAPTER II

2. LITERATIIRE RNVIEI,I

2.I The Bíology of the Greenbug

2.L.I DescripÈion

The greenbug, sehízaphi-s gr,Ønin?rm (R-ondaní), has four dístinguish-

able forms; the winged (alate) and wingless (apÈerous) fenales, alate

males and apterous ovíparae (females produclng fertílized eggs). The

forms Ëhat are usually seen are Ëhe apterous vivl-parous (bearing live

nymphs) and alate víviparous females and the parÈhenogenetically produced

young (starks et a1., Lg75). Adults of these forms are about r.3-2.1 unn

long (Mayo and Starks, L972; Blackman and Eastop, L984). Adult males

are always winged and slÍghËly snaller than the alate females, averaging

about 1.4 m long (I^lashburn, 1908; Mayo and Starks, L972). The oviparae

are distinguished by ova that are visible through Èhe abdomínal waIl.

They are about 2 nrm long and resemble the apterous vfviparous females

except their hind tibiae appear swollen (I^Iashburn, 1908) .

2.I.2 Life History

MosË of Ëhe work on llfe history of greenbug \{as done ln the

United StaÈes. The apterous vivíparous fenale is the most abundant form

appearing on infested cereal crops, on which Èhey may produce three or

four generatíons a month (PfadË, L978). Reproduction takes place beÈween

lO and 33oC r,¡íth an optlmum between 22-24oC (hlood and Starks, Ig72). The



young pass through four nynphal ínstars ín about a r,¡eek (pfadË, 1978).

Adults start reproducr,ng a few hours after the last moult; young adults
bear three to four offspríng per day and older adults up to 1_o per day

(Pfadt, 7978). The reproductive períod is abour 20 days and up to 100

offspring per female may be produced. The lifespan fs about one month

(Schuster and Starks, Lg75).

Most progeny of apterous parthenogenetic females are apterae but
some alatae are also produced especially when females are crowded. The

alate females emigrate, assísted by wind, and coloníze new crops and

establísh new coLonies parthenogenetrcalry (starks et ar. , Lg75).

rn the higher latrtudes sexual forms are produced in the fall.
The oviparae 1ay eggs Ín the field, especially on Kentucky bluegrass,
Poa pratensis L. (Niemczyk, 19g0; Niemczyk and pov¡er, rglz; Blackman

and Eastop, 1984). rn the lov¡er latitudes the apterous viviparous
females overr¿ínter and Èheir progeny migrate norËhwards in summer

(starks et a1., ]-g75). rÈ is probable thaÈ rn the tropics the species

undergoes consËant parÈhenogenesís and goes Ëhrough the dry months in
patches of green vegetation (EasÈop, 19g3).

2.1.3 Sexual ReproducÈíon

The signíficance of sexual reproduction in the greenbug is not

clear. Greenbug eggs have been obtained in the insectary (I,Iashburn,

1908) although the author did not fl-nd elther eggs or sexuares in the

field. washburn descríbed the sexuales (males and gamlc fernales) in
the ínsecÈary: wf-nged males are smaller Èhan vivfparous females and
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have a larger nu'ber of secondary sensorla on theír antennae. oviparae
díffer frorn the viviparae f-n having sr¿ollen hind trbiae, eggs that can
be seen through the abdoninal wall, and circular sensoria on the antennae.
The first report of possÍble greenbug eggs south of 35oN was grven by
Daniels (1956), who !¡ås not sure whether these were acÈually eggs or
aborted embryos. rn the greenhouse, the percentage of males among the
alate population may be as hfgh as 17% and oviparae may be rs_25% of the
apterous populatíon (Mayo and Starks, Lg74).

There is not much informatíon on factors that bring about the
production of sexual morphs. purteka and sl0sser (19g3) have suggested
Èhat photoperiod may be the major factor lnducíng sexual morph prod,uction,
v¡hile temperature affects the percentage of the norph produced. oviparae
appear during the second generaÈion at Z2.I'C, L:D 11:13 and 1g.7oC
cycled to r2'9oc L:D 11:l-3. under the flrst, set of condítions mares ap-
pear in the 4th generation, and in the 3rd generatíon under the second
set of conditrons. cord treaÈment (2oc for 2hr 24h apart) causes a
slight Íncrease ín the production of oviparae and males.

rn the fÍeld, the shiny black eggs of the greenbug may be numerous
in the fall and sprÍng (starks et al., 1975) on gramrneous plants (Eastop,
1983). However, despite Èhe occurrence of the greenbug eggs in the green_
house, growth chambers and fierd, ít has been dífficulÈ to deÈermfne

wheÈher they hatch (Mayo and starks, 1972; starks et al., 1975; purteka
and slosser, 1-983). Nfemczyk (1990) and Niemczyk and power (Lgg2) have,
however, indicated that the greenbugs could be overwintering on Kentucky
blue lawn grass in Ohio. In the fírst report (NÍemczyk, 19g0) r egg_



producing femelss were found frour October to December 1970, and greenbug

nymphs were collected from some of these lav,¡ns tn April of the following
year' 1980. Later, greenbug eggs were collected from larms during March,

and placed tn the greenhouse at about 24oC or in the laboratory; in both

cases eggs hatched within 2 days of belng placed in Èhese warm envíron-

nents (NÍemczyk and power, L?BZ).

2.L.4 ParËhenogenesis

Parthenogenesis refers to reproduction occurríng through develop-

ment of unfertilízed eggs (suomalainen, l95o). rt ís a frequent occur-

rence in many insects e.g. cockroaches (Hagan, 1g3g; Roth and l{il1is,
1956), locusËs (Harnilton, 1955), phasrnids and lepidopterans (I,rlígglesworth,

r972), scale ínsects (Hughes-schrader, 1930), dipterans and hymenopterans

(Suomalalnen, L962), coleopÈerans (Crowson, 19Bl) and is coûrmonesË anong

the aphids (I,Iigglesr¿orËh, 1972; Dixon, Lg73; Blackman, L979; Easrop,

1983). IÈ mây occur Ín a species that also reproduces sexr.rally (sporadic

parthenogenesls) or ít may constitute the only mode of reproductl_on

(constant parLhenogenesis) with intermedÍate degrees between these

extrenes (I^Iígglesworth, L972; Díxon, 19B5a). The unfertilized eggs may

give rise Ëo females only (thelytokous parthenogenesis) or to males only

(arrhenotokous parthenogenesls) or to both sexes (arnphitokous partheno-

genesis) (suonalaínen, 1950; Lees, Lg66; Hil1e Ris Lambers, Lg66).

Parthenogenesis is furËher complJ.cated by the occurrence of paedo-

genesis. The latter refers to reproductíon by imnature stages (Llyatt,

1961) and ís confined to índivlduals that reproduce parthenogenetically



(Dixon, 1985b). Paedogenesís has most frequently been reported among

gall rnídges especí arly Heteropeza pagmaea l^Iinnertz (cecidouyiidae)

(lrlent, 1971), and in Micz,omaLthus (coleoptera) (suomalaínen, 1950) .

Among the aphids, the fírsË suggestion of the occurrence of paedo-

genesis was made by Uichanco (]-924). However, whaÈ Uíchanco consídered

as paedogenesis was Ëhe developrnent of embryos within in¡ma¡g¡" stages but

r'¡ith larviposition occurríng only after the last mouIt. Bodenheimer and

srvirski (1957) supporËed uíchanco's report on Ëhe basis of a lack of a

haploid phase in developmenÈ of such embryos. The report of trIood and

SÈarks (1975) seems Ëo be the only one where larviposition was observed

Èo occur among the in¡mature Stages. Their observatfons rnrere made on alate

4th instars of 5. gz'øntnzln. Paedogenesis as observed by tr{ood and Starks

is Èhus distínct from neotonous reproduction (retention of youthful char-

acteristics in Èhe adult) because Ín the latter case the indíviduals

showÍng these youthful characËerístícs are sexually uature (WigglesworÈh,

L972). However, Wood and Starks did not observe paedogenesís in apÈerae

and theÍr experiments were done in unconËrolled conditions in a green-

house where contamfnatíon of ÈesÈ pl-ants before and l-n the process of

ÍntroducÍng greenbugs could not be ruled out.

rn temperate regfons aphid reproduction is mainly by cyclical
parthenogenesís (Dixon, L973, 1985b), although this may not be true for
the greenbug (Mayo and starks, 1972), but ín the tropícs aphids prob-

ably exhibit constant parthenogenesis (Blackman, rg79; Eastop, j-983).

The first offsprJ.ng of the sexual-es, from overwintering eggs, are

aPterous fundatrices (Hille Rls Lanbers, 1966) but parthenogenetically



produced offspring nay exhibit alary polymorphísm. Alate aphids dis_

perse or migrate readily (Taylor, Lg75).

In parthenogenetic reproductíon, there is no geneËic recombination

and aphid populations therefore are comprised of many dífferent clones,

each clone originatÍng fron a single femele of a ner^¡ genotype (Blachmn,

1979:, Dixon, 1985b). The variation between c10nes, alary polymorphlsu,

and dispersal and nigratíon are treated separatery berow.

2.I.5 Variation Between Clones

In aphids that undergo cyclical parthenogenesis, different geno-

Ëypes are produced every year when sexual reproduction takes p1ace, and

these genotypes give rise to new clones (Dixon, 19g5b). Each clone may

rapídly becoue numerous as a result of parthenogenesís, and eventually
mny become wídespread. Conpetition beÈween clones for resources is
oecasionally like1y to be intense. Thís, together with varíatíon ín the

ability of clones to locate and feed on certain plants, avoid death from

naËural enemles, and withstand periods of stress, determínes ¡¿hich geno-

types survive (Díxon, l-985a).

I^Ihere aphíds reproduce by constant parthenogenesis, variation
amorg genotypes may be expected to be 10w due to the lack of genetic

recomblnaÈion that normally occurs in sexual reproduction, and to the

effects of selectlon discussed above. cognetti (1961) clained that
genetic recombination occurs during parthenogenesis and provides a síg-
niflcant and contfnued source of varíaÈfon. He called thfs process

"endomeÍosls". But Blackma,- (L979) found no evidence of genetic re-
combination during parthenogenesís oÍ Myzus pez,síeae (sulzer) or

Aeynthosiphon pisun (Harris), and concluded that aphid parÈhenogenesis
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should be regarded as of an ameiotic or apomictic type. Mutations that
result in a marked change of fitness (e.g. those conferring resisÈance

to an l-nsectícíde or abilfty to colonize another host plant) are 1ikely

to occur as frequently in parthenogenetlcally as in sexually producing

populations (Dixon, 1985b). Recombination could. be a disadvantage Ín

such clrcumstances, by diluLíng the effect of the mutant allele and delay-

íng its establfshment ín the population (Blackrnan, rgjg).

If two favourable mutatlons occur in dífferent índividuals re-
producing by constant Parthenogenesis, it is not possible to incorporate

Ëhem in Ëhe same indívidual in the population. In sexual reproduction

Èhis is possible and therefore sexually reproducing populations r+ilL

evolve rapidly v¡hile parthenogenesís limits Èhe rate of evolution (SrniËh,

L971-). But an exPected consequence, Èhen, ln a constant parthenogenetic

aphid populatíon is an increasíng degree of hetero zygoslty (Suomalainen,

L962). This according to suomalaínen may provide the basis for the

great adaptiveness and dispersal abllity of such parthenogenetic forms.

rn large competing popul-ations of aphids however, selection pressure

oPerates favouring the survival of fittest índíviduals whích may reduce

the number of clones.

T'he term ttbioÈypett, as

Ëo índivíduals or a population

guished by criteria other than

(Gallun and Khush, 1980). So

described in Èhe United States

crops. Biotype A r¡as probably

used in entomological literature, refers

of a species Ëhat ís normally distin-

morphology, for example parasitic abílity

far, five greenbug bfoËypes have been

as befng economfcally iurportant on cereal

preceded by others, but no attempË was
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made to seParate bioËypes untfl after Dickinson seLectl-on 28-A (DS 28-A)

wheat was found to b,e resisÈant Èo greenbugs (Dahns et a1., 1955).

The resístance of DS 28-A r,¡as overcome by a bfotype that was

designated bíotype B by l^Iood (1961). Biorype c differs from A and B in

its ability to attack sorghum, and the first extensÍve and severe d.amage

to sorghum occurred fn 1968 (Harvey and Hackerrot, 1969). Blotypes A, B

and C are all susceptible to insecËfcides (Starks and Burton, 1977) and,

the appearance of lnsecticide-resístant greenbugs led to the description

of biotype D which ís resistant to organophosphate ínsecticides (Teetes

et al ., L975). "Aml-got' vrheat ís reslstant to biotypes A, B and C

(sebesta and trrÏood, L97B), but Porter eÈ al., (1982) have reported sus-

ceptibiltËy of this wheat and its derívatíves, to a new biotype and

desl-gnated this bl-otype, E. The distribution of this biotype is now

símilar Èo that of biotype C in Kansas, Nebraska, Oklahome and northern

Texas (Kíndler et al., L984) .

Despite the elaboraÈe description of greenbug biotypes by the

varÍous workers, Èhere is no agreement regarding the "bloÈype concept".

Eastop (1973) described "biotype" as a concept used by non-taxonomists

to refer to indívÍduals of equal genotypes. This ídea ls reflected ín

the definition of bioËype; indivÍdual or population of a species that is

differentiaËed by criteria other than morphology, for example parasitic

ability (Gíbson and Plumb, L977; Gallun and Khush, l98O). It may be

inpossible for natural popul-ations, reproducing sexually, as do greenbugs

(Niemczyk, 1980), to consisË of genetÍcally ÍdenÈícaI indíviduals

(claridge and Den Hollander, 1983); dífferent greenbug biotypes have
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been shown to exfst in the same geographical areas (Kindler et al., 1983).

As the tern biotype is comronly used, an l-ndívidual or population may be-

long to more Ëhan one biotype (Eastop, L973) and the progeny of a single

female (A. ptaln) rnay contain indíviduals of more than one bloÈype

(Subasinghe, 1983). Varlatíon within the progeny of a single partheno-

genetíc female (cl-one) may be caused by genetíc mutation (Blackman, I979).

Therefore the concepË is rather confusing and in these studLes clones

frour ffeld populatl-ons are used without dlfferentíatl-ng such fiel-d popu-

lations into biotypes.

2.I.6 Alary Polymorphisn

There is extensive literature concerning alary polymorphism in

aphlds and the phenomenon is complex such that few generalízations can

be applied to all aphids. Crowdf-ng seems to be the rnajor stímulus

resulting in production of alate offspring as demonsËrated for the vetch

aphíd , Megouna uieeae Buckton (Lees, L966, 1967), pêâ aphíd, A. piswn

(Sutherland, L969a; MacKay, 1977), and green peach aphid, M. pez'sieae

(Blaclrman , 1979). OÈher f actors too mãy ínf luence the extenË to whích

alate offspríng are produced r¿hen the crorvding sËimul-us ís adroinístered.

These incLude host plant type (Sutherland, 1969b); host planÈ condítlon,

whích uay indirectly intensify the crowding sËimulus since aphids on a

poor host will be more unsettled than Ëhose on one that is provlding

saËisfactory food (Lees, 1966); photoperiod (Schaefers and Judge, 1,97L);

and tenperaËure (Mayo and Starks, l-974).
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The method corrmonly used to sÈimulate aphids to produce alate
offspring by crowding is described by Lees (1966). Aphids are placed in
a 5x2.5 cm glass vial closed with a plug of cotton wool and :'eft f.or 24n

with a photoperÍod of 16h at 15oC. A plastic vial of simílar size yields
comparable results (MacKay, L977). The number of indfviduals requÍred

to stinulate productíon of alatae varies dependíng on the crowding

sensitivity of the clone (and probably specles) being tested (Sutherland,

L969a). T\¿o individuals of rhe pínk srrain of A. pisun wí1l respond

strongly when confined in the 5x2.5 crn vial, but the green strain of the

saue specíes requires 19 fndÍviduals for a similar response.

There is no information on the number of greenbugs /vj:a]- that would

give a strong crowding response resultl-ng ín alatae production. Higher

Percentages of alate greenbugs were produced when Èhe progeny of a síngle

apËerous greenbug on a single plant r¡ere allowed to contÍnue reproduction

at 27oc than at lorver temperatures (4,21 and 24oÐ, L:D 14:10 and. RH

rangíng fron 30-607! (Mayo and Srarks, Ig74).

The capacity to develop alatae differs for Èhe various greenbug

biotypes descríbed in the United States \,üith biotype C being considerably

more prolífic in production of alatae than biotypes A, B and D (Kvenberg

and Jones, 1-974). Under field conditions production of alatae by biotype

C greenbug starts abruptly after a short period of ínrmig¡ation by alatae

on sorghum ín June and July in Texas, and progressively increases to peak

intensíty during the perÍod of maxímum populatíon declíne (late August

Ëo mid-September) (Sumny and Gílstrap, j_983).

The intrÍnsic factors that determine the development of alate and

apterous forms in aphids were earlier attributed to a mechanism termed an
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"interval timerrr (!ees, 1960). This concept assumed that these factors

were tfme dependent and that the new morph could be produeed only after

a fixed Passage of time. MacKay (1977) and MacKay and I^Iellingron (1977)

have, however, shovm that "mr¡ernal age effectstt determine the producËion

of alata producers ín .4. pisun. These authors found the firstborn progeny

of apterae respond more strongly to a crowding stimulus than do later

born progeny. ft nay be assumed thaÈ maternal age effects operat.e also

ín greenbug in the absence of similar data for this species. Therefore

in order to determine sensítivity of greenbug to a crowd.ing stímulus

firstborn Progeny of individuals subjected to crowdíng should be observed

for wing development.

2.2 Dispersal and Mígration

2.2.I Take-off

Directed aphtd fltghts occur belor¡ the boundary layer (Tayl-or and

Palmer, L972). The boundary layer is the height at which an insectrs

flight speed is exceeded by the wind speed (SouÈhwood, f978) and for most

aphids this ranges betr+een 0.9 and 1.2 m (Broadbent, l94B). rn contrast,

in long-distance migratory f1íghts, aphids are above Ëhe boundary layer

and are carríed by the wind (Johnson, 1969). Both Èypes of aphid flights
start with the aphid taking off from its host plant; take-off does not

occur below minimum levels of temperaÈure and light (Taylor, 1963).

5. gnatninum takes off mostly between 20 and 3SoC ¡ttatgren, 1970)

and, in the fieldr mâxÍmum take-off of ^9. gyatrrLnwn occurs during the

morníng, once threshold temperaÈures are reached; then there is a gradual
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decline untir midday, and a sma1l íncrease ín the evening (Berry , 1969).
For uost aphids, newl-y flight-nature aphíds accumulate overnight and

await davm before taking off because ther-r flight ís inhÍbited by 10w

ltght lntensl-ty even when nocturnal temperatures are suitable for f1Íght
(Johnson and Taylor, 1957; Dry and Taylor, 1970).

High wind" may de1ay, but do not inhibit, take-off (Halgren and

Tayl0r' 1968; tr{alters and Dixon, 1gg4), apparently because aphÍds adjust
to new thresholds (Dixon, 1995b). Although the effects of relative
hunidiËy on the take-off by greenbugs are not clear, Broadbent (1949)

found the green peach aphid, M. pensieae and the cabbage aphid , Bneui_
eorane brassieae (t.) take off readily wíÈhin rhe range 50-1ooz R.H.

2.2.2 Flight

Flights by aphids may range from a fev¡ meÈres to hundreds of kílo-
metres' and narkíng aphlds to deËermlne the distance over which they fly
has not been successfur (Tayror and palmer, Lg72). The tendency of aphíds
to disperse has been measured rn terms of the proportion of a populaLion
that develops into alatae (Lamb and MacKay, LgTg) and by cornparing the
proportion of alate nynphs to that of subsequenÈ a1aÈe adults (s'mmy and

Gl1strap, 1983). rn veïy sÈilI conditions close to the vegetation, aphids
nay fly within síght of vegetation and alight at short lntervals ¡+ÍthouË

flying very far (Dixon, 1985b). Aphíds Èhat f1y upwards and out of the
boundary layer are likely to be carried long drstances dor^¡n r¿ind

(Johnson, 1969) and probably f1y dovm-wínd v¡ithin the air mass (Berry
and Taylor, 1968).
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,9. gvØnínutn is known for íts long dÍsÈance mass flight (Johnson,

1969), and its attacks on cereal crops in the North CenÈral United States

since the late 19th century (Kelley, l9r7; Fenton and Fisher, 1940;

Fenton and Halms, 1951; Rogers eË al., 1972) have been atËributed to

imnigratlon from the south central states (Taylor and palmer, Lg72).

rnfestations ln Manitoba are attrl-buted to similar imrnlgratíon

(Robinson and Hsu, 1963).

The distance covered in such uigraËlons is greaË and ít ís estí-
meted to take about 36h in low-Ievel jet streams blowing at heíghts of

500-1,000 rn (Tayl-or and palmer, L972; Kieckhefer er al., ]rg74). sanpling

hrith aircraft has shown that the greenbug may be found aË heíghts of

abouÈ 600 u, both duríng the day and at nÍght (Berry and Taylor, 1968)

in low-level jet streams. No ¡¿ork however reports on greenbug movements

in AfrÍca although thÍs pesÈ is known to occur in East and South Africa.

2.2.3 Monitoring Aphlds

varÍous Èypes of Ëraps used ín monitoring aphids in the air are

described by Taylor and Palmer (1972). Suction traps such as Johnsonrs

sucÈíon trap (Johnson, 1950; Taylor, 195r), and the Rothamsted rnsect

survey Trap which samples insects at a helghÈ of r2.2 m (.Tay]-or and

French, 1970), sample insects ín Ëhe aír by filÈering a given volume of

air per unit time. Since Èhe fnsecLs are not attracËed to such Ëraps

(Johnson, 1950; Taylor and Parmer, rgTz) these are parËícu1arLy suitable

for estimatíng aerial popul-atlons of aphids (.Johnson, 1950) .

Prior to the development of the Rothamsted rnsecË survey Trap,
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sticky traps had been used for many years (BroadbenË, 194g; Broadbent
and Heathcote, 1961; Heathcote, Lg66). Sticky traps are usually about
I ra above the ground and are smeared r¿ith a sticky substance and are
yellow, as many aphld species are attracted more to yellow than to other
colours.

Ye1low pans (Moerfcke Traps) attract aphids and are more effectíve
when placed agaf-nst a bare background than against a crop background
(GonzaLez and Rawr-íns, 1g6g). The ye110w pans artract more aphids than
white pans which attract even less than those caught on black sticky
traps (Zettler et a1., Lg67) .

Although it has been por-nted ouË that the greenbug ís not at-
tracted to yerlow (Taylor and palmer, rg72), Roach and Agee (rg72) and

Harvey et al. (1982) reported that greenbugs are atÈracted to yellow
sticky traps. But it has also been reported that ¡+hite sticky traps
catch more aphíds than black ones (Broadbent, l94g) and thaÈ white water
pans catch fewer aphÍds than black stícky traps (zettrer et ar., 1967) .

The latter reporËs suggest that the catches on Èhe stf.cky trap may largely
be due to aphidsr lmpactíon on the stícky substance on the coloured traps
rather than to atËractfon to the col0ur by directed flÍght.

Background colour influences trap catches as the greenbugs rand.
Fewer greenbugs are caught on sticky traps on ground covered by green

croPs (Harvey eË al., 1982). Different tÍlIage fnplements turn the soil
and cover plant residues to varying degrees. rncreased soíl cover (wíth
unturned plant residues) decreases trap catehes of the greenbug with the
lowest number being caught on traps in zero Èillage ptots (Burton and

Krenzer, 1985).
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2,3 Host Plant Resistance

2.3.L Definitions

Painter (1951) described resistance as "Èhe relative amount of

the heritable quallties possessed by the plant r¿hich ínfluence the ulti-
m¡te degree of d¿m¡ge done by Ëhe insect. rn practical agrfculture,

resistance represents the abilíty of a certain variety to produce a

larger crop of good quality than d.o ordl-nary varieties at the same 1evel

of insect populationtt. The defínition by Beck (1965) narror¡rs plant re-
sLstance to 'rthe collectlve heritable characteristics by which a plant

species, race, clone or individual may reduce the probability Èhat an

insect specf-es' race, biotype or individual successfully uses the planÈ

as a host". The latter defínitíon fs less informative and that of

Pafnter r,riIl Ëherefore be revíet¡ed further.

Palnter (1951) separat.ed the various mechanisms of resistance

follows: 1. antibiosfs - all adverse effects exerted by Èhe plant

the ínsectrs bíology e.g. survíval, development and reproduction,

2. Èolerance - includes all plant responses resulting ín the abilíty to

withstand infestatlon and to support insect popuLations that would

severely damage susceptible plants, and 3. nonpreference - the lnsects

response to plants that lack the characteristics to serve as hosts, re-

sulting in negative reacËions or total avoidance during search for food,

oviposÍtion or shelter. Nonpreference is thus defíned as a response of

insecËs rather than of plants, as ls the case for antibíosis and tolerance

(particularly when the adjecËives from these terms, antfblotic and

tolerant' are used) and Kogan and Ortnan (1978) have suggested the term

as

on
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ttantixenosistt for Èhis mechanism

Greek toot Xenos neaning ttguesËtt,

bad host.

of reslstance. The ner"¡ term with a

conveys Èhe idea that the plant l_s

2.3.2 Resistance of Wheat to Insects

The Hessian fly MayetioLa destructoir (say) is a serious pest of

wheat in the uníted sËates and is controll-ed nainly by the use of re-

sistant varieties (PaJ-nter, 1951; Ilaxwell et a1., L9l2; pfadt, 1978;

Everson and Ga1lun, 1980). Varieties resistant to the wheat stem sawfly,

cephus eínetus Norton, have also been developed (o?Keeffe et al., L960;

Pfadt ' I97B; Everson and Gal-lun, 1930); stem solidness ís associared vülth

resistance (orKeeffe et al., 1960). But Maxwell et al. (1972) pointed

out that stem solidness is also associaÈed with low ylelds and therefore

resistant varieties are not universally grown in the st.em sawfly area.

Aphids too are serious pests of wheat and although the use of insecÈi-

cides is the main control measure (Everson and Ga11un, 1980) sources of

resístance agalnst some aphid species have been sought. Leaf pubescence

of the ¡,¡heat cultivar "Vel" contríbuËes to the resistance of thís cultivar

Ëo the bird cherry oat aphid, RhopaLosiphun padi (L.) (Roberts and Fosrer,

1983). Lowe (f984, 1985) has screened several wheat cul-tívars ln Brítain

for resistance to the English graín aphid Sitobíon auerza.e (F.) and found

a fe¡¿ Èhat could be used as sources of resistance. Much of effort,

especlally Ín the United States, has been devoted to searching for sources

of resistance againsË the greenbug; more information on thÍs is presenÈed

below.
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2.3.3 Need for Greenbug Resistant Varfetíes

During years of high greenbug ínfestations, insecticldes nay be

applied to Èhousands of hectares of cereal crops to reduce Losses l-n-

flicËed by this pest (I^Iood, 1965). The most wl-dely used lnsectlcides

are organophosphates. starks et al. (1975) have glven the details of

effecÈíve insecticides and rates of applfcaElon for various cereal crops

that are attacked by the greenbug. The rate of applícation for an in-

sectfcide may be varíed so that lorver rates that kill the greenbugs

whlle spari.ng their natural enemies are used (Cate eË al., L973; Snith

eE al., 1985). However, the greenbug has the capacity to develop re-

sl-stance to Ëhe organophosphate insectícides, and the appearance of the

greenbug bíotype D was assocíated wíth an lncrease in reslstance to di-

sulfoËon(Teetesetal.,].975).Highestlevelsofresistancearefound

in greenbug colonJ-es from locatfons of htgh lnsectlclde usage (Chang et

al., 19BO) . A control method that combines natural enemies, insecticides

and reslstant varl-etÍes is likely to be more effective agaínst insect

pesÈs (Adkisson and Dyck, 1980) includíng the greenbug. Development of

wheat varletles resistant Ëo greenbug ln Kenya r¿il-l- reduce the prophy-

lactic control and hence decrease the hazards posed by lnsecticldes to

the natural- enemies of this Pest.

2.3.4 Search for Greenbug ResisËance

Sourcesofresistancetogreenbugseemtoberarelncultlvated

cereals. From a total of 41343 oat selections from the Unl-ted States

DeparÈment of AgrJ-culture (USDA) only 31 l¡ere found to possess resistance
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against greenbug (Daniels, 197g) while several sorghum hybrids and

selectÍons are knor^m to be resistant (Depew and l4iitt, LgTg). several

lines of barley (I^Iebster and Starks, 1984) and triticale (webster and

Inayatullah, 1984) are also resístant.

starks and Merkle (L977) found six wheat cultr,vars that they

screened for greenbug resístance to have low resistance, while the re-
sístant trftlcale entry, ttGauchorr - a cross between a greenbug sus_

ceptible "chinese sprfng" cormron ¡+heat and resístant rye, rnsave F.A.
(l'Iood et al., 7974) continued to show high resistance. The solution to
the development of resfstant wheat varíeË1es therefore will depend on

eiËher inËerspecÍfic crosses (Harvey et a1., l9g0) or on screening vast
numbers of wheat culËivars as has been done for oats (Danlels, 197g).

Thls search should include locally adapËed cultfvars and exotic germ-

plasm of wheat and its closely related species (ortman and peters, 19g0)

The greenbug-resistant wheats Èhat have been avaílable in the

unlted states include "Dickinson Selectfon 2gA" (DS 2gA), Amlgo, and

Largo' DS 284 is a hexaploÍd selectíon from a durum (Iz,iticun h.u,gidun

var du.nrn) culËivar Dickinson No. 4g5t cr 3707 (curtis er al., 1960) re_

sistant to greenbug biotype .a (Dahns et al., 1955). Arntgo has a single
dominant gene for greenbug resistance, from a Ëriticale parent, ,,Gaucho,,

(sebesta and Lrood, 1978), and ís resisÈant to bfotype c. rt was re-
leased in 1977. Largo (cr 17895) was selecÈed from a cross between

"Langdon" durum and a plant lntroduction Pr 26BZLO (Tz.ítieun tausehzi.

(coss.) schmal) (Joppa and hríllíams, Lgg2). rr is resisrant to biotypes

C and E (Porter eË a1., L}BZ).
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Elsewhere developrnent of cereal cultfvars resistant to greenbug

ís not as advanced as in the United StaÈes. In South Amerlca, varieties

developed ln the unlted states are gro\¡7n (e.g. DS 2BA, Amigo (wheat)

and Gaucho (tritlcale) and are rnore resistant to the greenbug than the

local varleties (Arriaga et a1., 1980). rn Eastern Africa, attempts

have noË been made to develop varíetíes resfstant to the greenbug and

control fs therefore entirely by use of lnsecticídes (Hi11, r9753

I'lanjama, L979) .

2.3.5 TestJ-ng for Antlbiosis

Reproduction of greenbugs on t.est crop cultl-vars is used to test

for antíbiosís (t{ebster and InayaÈu1lah, 1984) and such tests may be car-

ríed out Ln the greenhouse (starks and BurÈon, 1977), in control-led en-

vironments (schuster and starks, 1973), or ln the field (Teetes et al.,

L974). In the greenhouse and controlled envl-ronments test cultívars are

planted indlvidual-ly in plant poÈs. About one week af ter erDergence,

5-I0 adult greenbugs are placed on each seedling, caged and left for 24h.

Caging may be done by covering the whole plant (Schuster and Srarks,

L973) or by confinfng the greenbugs on a portÍon of lntact leaf wlth a

clip cage (Harvey et al., 1980). The adult greenbugs are removed from

the plants after 24h leavlng the nymphs, a1l of rhem wlthín 24h of rhe

same age. The nymphs are reduced to one per plant afÈer 4 days and the

remaining nynphs observed as they Eature and begin to reproduce. Their

offspring are counted and removed every two days until reproduction

ceases (Wflson et al-., 1978). The data obtaÍned are used to determine

the level of antfbíosis of the test cultÍvars by comparÍng Ëhe mean
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fecundity on the various cultivars (I,Iood and starks , 1,972c; schuster

and Starks, 1973). Hor,¡ever the use of mean fecundity does not provide

infornatlon on the perJ-od over whfch reproduction took place or on how

the populatlon is likely to increase.

An alternative nethod for assessíng anÈibiotic resisÈance to Èhe

greenbug ís descríbed by Schuster and Starks (1973). Test culËivars are

planted and infested wíth greenbugs as in the method outlined. above. The

adults too are removed after 24]r- as before. FÍve nymphs of unfform age

are left on each plant. Lrhen the nymphs are five days o1d they are re_

moved and weighed ímmgd1ately. The mean weights of nymphs on d.ífferent
cultivars are compared and differences attributed to the effecËs of
plants. Although it has been argued that large aphíds are more fecund

Ëhan sma1l ones (Dixon and Dharma, 19BO) this rnethod too does not in-
dÍcate how the greenbugs are expected to lncrease in subsequent gen-

erations. Although these methods yield useful results, a method that
evaluates antibiosis of different cultívars by taking into account not

only the mean fecundity, but also the generation tl-me and the rate of

increase of greenbug populatíons, provides more ínformaÈion on the effects
of host-plant on the greenbugs feedfng on it.

2.3.6 Testing for Tolerance

The tolerance of crop cultívars is neasured by the abíltty of the

pl-ants to grow in the presence of greenbugs (I^Iilson et a1., 197g). This

has been done by comparing daurage ratings and heights of test cultívars

at the end of a gíven tíme períod, or by comparfng the functional plant

loss l-ndex (FLPI). For the damage rating nethod, a constant number of
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adult greenbugs is mafntained by frequently removing the nymphs and re_
placing dead adults for 10 days. The plants are then rated for damage

(Schuster and starks , rg73; I,Iilson eË a1., 197g; peiretti et a1., 19BO).

The FLPI is determlned by lnfesting caged prants wíth adult or 4th ínstar
greenbugs when seedlings are about 4 cn high. They are left f.or 2, 4,
6 or I days and aÈ the end of each time períod, plant leaf area fs
measured and planÈs rated for damage on leaves. The HLpr is given by:

FLPI=1- LC-LI
LC

(l-DR) x 100,

where LC ís the mean leaf area of control

of infested plants and DR the mean damage

descrlbed by Morgan er al. (1990).

plants, LI the mean leaf area

ratfng. The FLpI merhod is

Damage ratíng and seedlíng height at the end of a gr_ven time
períod as suggested for Èhese tr¿o methods may be useful- for reflecting
the impact of the greenbugs on seedlings. However, tolerance also ín_
cludes the abillty to repair tl-ssues and recover from an attack (Johansen,

7978) ' A nethod that adequately determines the level of tolerance should,
besides measuring the iurpact of greenbugs on seedlíngs, assess the ability
of the plants to recover and produce a normal yield.

2.3.7 Testing for Antixenosís

To evaluate the antixenotíc (nonpreference) effects of cerear
cultivars to the greenbug the entries (various test cultivars) are

planted in a random arrangement in a free choice arena Ínto v¡hich the
greenbugs are introduced to settl-e on planÈs of their choice (painter,
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1951). Round plant pots have been used wfth entries randoml_y arranged
Ln a circle c10se to the edge of the pot. Adult apterous greenbugs are
then released in the niddle of the pots at the rate of about five green_
bugs per planË and are left for 2 to 4 days. Then the number of green_
bugs on each plant is recorded (starks et a1., 1972; schuster and starks,
L973; I^iilson et a1., r97g; peirettí et al., 19g0; starks et al., r9g3).
starks and Burton (L977) described a second method involving wooden flats
(wooden trays). The test cultfvars are all planted in each flat and in_
fested wíth greenbugs about two days after eruergence. The greenbugs are
lntroduced onto the flats by brushíng then off Ínfested plants or by
placíng infested leaves in between ro!¡s of seedlings in the flats. They
are a110wed about 4 days to seÈtle after which the greenbugs on each
plant are counted.

Morgan et a1. (19g0) have described a method for evaluating
antixenosis under fleld condítíons. Field plots are planted r+íth various
entries, and observations are made on landing greenbugs frour the time of
croP emergence' FÍve randonly selected plants from each plot are examined
for alate greenbugs. The mean nuubers of alatae per plant are compared
for the various entries.

The al-ate greenbugs are the mÍgrant norph and are therefore the
colonfzers of ner¿ crop and the procedure of Morgan eË a1. is therefore
a realistic one. selectÍor: of plants by apterae Ín the greenhouse, as
described above, rs dísimilar to host plant selectÍon as it happens Ín
the fteld. Therefore more field-applicable results nay be obtained if
alatae are used in greenhouse tests.

:

I

I
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2.4 Culturíng G¡eenhug

ïn order that a uniform culture of the greenbug be obtained, a

single female from a mixed populatíon is placed on an aphid_free caged
plant and lts'progeny allowed to urultíply as a ne\¿ culture clone
(Halgren and Tay10r, 1g6s). The culture planÈs are caged to exclude
extraneous insects. The cages may be made to fit plant pots of varyÍng
sizes (starks and Burton, lg77) oï rnay be constructed to contain a few
plant pots for larger cultures (Hargren and Tayror, 196g). rf actively
f1yíng greenbugs are required, the latter type of cage fs convenÍent be-
cause alatae fly to the top of the cage and can be collected easily.

Barley is the preferred curture plant for rapid burld up of green_
bug cultures, but is quíckry killed by feeding greenbugs and its rate of
growth Ís reduced above 260c and, so alternatfvely, susceptíb1e cultivars
of seedling sorghum may be used (starks and Burton, rg77). Resistant
varíeties should be avoided as culture plants because of the preconditíon-
ing effects whlch may obscure the true response of test plant materÍal ín
subsequent screeníng for greenbug resisËance (starks and schuster, r976;
hlilson and starks, 1981). There are 1íttle preconditJ-oning effects after
a short culturing period (e.g. 2 nonths) (I^tilson and starks, 1gg1), but
the effects are stronger Íf greenbug ís continuously cultured for 2 years
(starks and schuster, rg76). continued greenhouse curturing can leac to
the development of a ne¡.¡ greenbug biotype (Wood, 1961).

sexuales l-n greenhouse cultures have been observed (I^Iashburn,

1908; Mayo and starks , Lg72) at certain times of the year; males then
may comprise about L7% of the arate greenbug populatíon and oviparae
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about 257" of. the apterous

Burton, 7977). Increasing

filanent lamps discourages

Taylor, 1968).

population (Mayo and Starks, 19723 Starks and

the day length \,/ith light from 250 W Ëungsten

production of the sexual forms (Halgren and
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Resístance of wheat to Sehizaphis graminwn

(Homoptera:Aphididae) in Kenya

ABSTRACT

FifËy Kenyan and exotic wheat entries were evaluated for resístance

to greenbug, Schizaphis gnaminum (Rondani); separate tesÈs were run to

detect antíbiosis, tolerance and antíxenosís. Lífe tables hTere con-

structed and the capaeÍty for íncrease (r") used to evaluate wheat for

resistance by antíbiosís. Apterae lrere used in initial tests but both

apterae and alatae were used in subsequent tests for antibiosis. Seed-

ling dry weight and grain yield provided useful inforrnatíon on tolerance

of seedlíng wheat and the ability of attacked plants to recover but

seedling height and number of tillers rrere not useful for assessing

tolerance. TesÈs for antixenosis of wheat entries to greenbug suggested

a símilar order of host preference of alatae and apÈerae in the green-

house, and this order \¡ras consistent vüíth that ín the fíeld trials.

Entríes that ranked high ín one mechanísm ¡¡ere ofËen low in others.

Hor.¡ever, Kenya Fahari ranked hígh in all three mechanisms. This is a

cornmercial varíety and could be incorporated into an integrated pest

control programme and could also be used in the development of future

greenbug-resisÈant wheat varietfes.
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INTRODUCTION

The greenbug (a1so wheat aphid, Híll , Lg75), Sehízaphís graninun

(Rondani), is a serious pest of cereal crops and occurs in many parts

oftheworld(I1i11,1975).Althoughsorghurnhasrecentlybeenattacked

(Harvey and HackerotÈ' f969) ' the major host is wheat (I^ladley' 1931) '

Field infesLations of greenbug in wheat m¡y sËart soon afÈer seedling

emergence;theËwoleafstageísthemostsusceptlblestage(Starkset

al., 1975).

l{heatinKenyaisgrownmainlyinareasoverl,EOOmabovesealevel

(a.s.l.)withanannualrainfallofabouË1'000rn-(Harder'L97ö'Fre-

guentgreenbugoutbreaksoccurínthewheatgrowingareasresultingin

extensiveuseofinsectícídes(ltanjama,LgTg).Thewheatbreedingpro-

gratrmeinthecountryiswellestablished(Harder,1974),buthasnot

addressed the devel-opment of varíeties resistant Èo greenbug' The extenÈ

to which existing varieties are resistant 1s not known'

ThemechanismsofresistanceasdefinedbyPal.nter(195r)areanti-

biosisrtoleranceandnonpreference(=antixenosis;Koganand0rtman'

r97g). However resistance of cereals Èo greenbug resulting from any of

thesemechanismsaPPearstobeaxalecharacteristic.Consequentlythe

amountofgerrnplasmscreenedbeforepositiveresulÈsareobtainedcanbe

enormous(Daníels,l97B),andallresulÈsmaybenegativeifonlyafew

entries(cultivarstested)areevaluated(StarksandMerkle,rgTT).

AlthoughcultívatedhexaploidwheatvarietíesaregeneÏallylackíngln

highresistancetothispest(Harveyetal"19BO)'someresistant

varietíeshavebeendeveloped.Forexample,íntheUnitedStates
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Dickinson selection 2BA is resl-stant to greenbug biotype A (wood, 1961),

"Amigo" wheat to biotype A, B and C (Joppa and l^Iilliams, 1982) and

"Largo" to biotypes C and E (Joppa et al., 1980).

This work was ínitíated to ínvestígate whether wheat germplasm avail-

able in Kenya is resistant to greenbug, and to identify the mechanism

of such resistance. A resistant entry would be useful in the development

of new resistant varíeÈies and l-f such an entry r^rere a cournercial variety,

it could be recommended to wheat growers to reduce losses from greenbug

attacks.
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MATERIALS AND IßTHODS

Inítially 50 wheat entries were obtaíned. These included commercial

varíetíes and breederfs ll-nes from Kenya, three greenbug-resistant selec-

tions from the United States and several exotic lines. In 1982 all the

entries vrere tested for antibiosis and 46 for tolerance. Tn 1985 rnost

of these trere tested for antixenosis. The decline in the number of

entríes tested was due to reduced seed vÍabiJ-ity following storage. Based

on the initial tesËing, uore intensive tests v¡ere carríed out for each

mechanism of resístance. For each rnechanism the four most and Èwo least

resistanË entries r¿ere selected for this intensive testing.

Three greenbug clones were raísed from three samples collecÈed ín

l-982 frorn Njoro (about 180 klr NI^I of Nairobi and 2,100n a.s.l.), Eldoret

(at similar elevation but about 180 k.n NI^l of Njoro) and Mau Narok (about

2,7OOm a.s.l. and approximately 40 km to Èhe s of Njoro). Each clone

was the progeny of a single parthenogenetic female. The clones trere

maintained on wheat (cv. Kenya Kifaru) in the greenhouse ln plexl-

glass cages 45x45x60 cm. Nylon netÈing (about 20 meshes/cm) at the front

and top of Ëhe cage allowed aeration but prevenËed greenbugs from es-

caping. The three clones were used ín 1982. The Njoro clone alone was

mainËained in the greenhouse and used ín 1983 and 1985 tests.

Antibi,osis

In the greenhouse, wheat seeds were planted l-n pots 8.25 cn square

and 9.5 cm deep which were indívfdually caged before seedlÍng emergence.

Cages were of nylon netting supported on two crossed U-shaped wires wíth
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their ends pushed ínto the soil. The top of the cage was 30 cn above

the sofl and Èhe netting extended about 2.5 cm down the outslde of the

pot where ít was secured by an elastic band. At growth stage 12 (GS L2)

(Zadoks et al., L974; Tottman and Makepeace, L979) the seedlings were

thinned Ëo one per pot, and two gravid (female with unborn embryos)

aPterous adult greenbugs were placed on each plant, and removed af.ter 24ln.

The resulting nynnphs ¡¿ere reduced to one per plant after four days. The

remaining nymph was observed dal-ly until first reproductíon and then once

every Èvro or three days unt.il no further reproducÈion was observed. All

offspring of test greenbugs r¡rere counted and removed at each saurplíng

day.

In 1982, each of the 50 wheat entrfes v¡ere tested, using the three

greenbug clones, in four replicates. In 1983, six entries selected on

the basis of overall performance ín L982, q/ere tesÈed using only the

Njoro clone; treatments r.rere replicated ten times. In 1985, only the

Njoro clone was used, and six entries vrere selected on the basis of

antibiosÍs in the 1982 studies. In 1985, both apterae and alaÈae r.rere

tesÈed ín separate trials, and 24 xepLi.cates were used Ín each tría1.

Lífe tables were constructed by recording the proportion of sur-

viving adults (1*) and the age specific reproductíon (n*) at each sam-

pling date (Birch, 1948). In 1985 the replicates/entry were grouped

inËo four cohorts of six for this purpose. From the life tables, neË

reproductl-ve rate (Ro), cohort generatÍon tine (T") and daily capacity

for l-ncrease (r.) were calcul-ated for greenbugs on each entry. hlhere

R^ = Il_m__, T^ is the age in days at whích 50% of. the offspring areo xx- c
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produced, and

The values

and Èested for

test (Sokal and

los R"eo

for Ro, T" and

signlfÍcance at

Roh1f, 1981).

T
c

(Laughlín,1965)

rc were subjected to analysis of variance

(f50.05) using Tukey's multLple comparison

Tolez.ance

In the greenhouse, entríes were planted ín pots, caged as described

for the antfbiosis experiment, and seedlíngs thinned to one per pot at

GS 12. T¡nro apterous adults were placed on each ínfesÈed seedling. After

10 days all the greenbugs on each seedlíng were counted. Feeding was

allowed to conÈinue for another four days, Èhen the seedlings were un-

covered and the greenbugs kílled by spraying rnalathion (6.25 e a.i./9").

Lrhen the plants \¡rere uncovered, their height r¡ras measured to the típ of

the largest leaf. Plants were then allowed to gro\{ Ëo maturity, when

the number of tillers and grain yield v¡as recorded.

In 1982, 46 entries r,¡ere tested. Each entry was p1-anted in 16 pots.

Four randomly selected seedlings were infested with each of the three

greenbug clones; the remainÍng four plants \,rere uninfested controls. Tn

1983, sl-x entries \¡rere selected on the basis of overall performance fn

1982, and tesËed using the Njoro clone only with eight replicates. The

planÈs, including the unínfested controls, were r,¡ashed out of the pots,

separaËely wrapped in aluminum foil and oven dríed !o constant weight.
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In 1985 the procedure was repeated but eight replícates were weighed as

in 1983 and an additional eight \¡lere grol,rn to maturity and the yield

recorded.

The data were subjected to analysis of variance. Means of infested

planËs were adjusted for the number of greenbugs (counted after 10 days)

by analysis of covariance and adjusted means vlere conÈrasËed wíth the

means of respective control-s usíng one tailed t-tesË of conËrasts (Sokal

and Rohlf, 19Bl).

Antiæenosis

The 35 entries still víable (frorn the inítial number of 50 entríes

used in 1982) in 1985 were tested. The entrj-es vlere planted in wooden

flats 45x60 cm. A 60 cm-high wood-framed cage of nylon neËting was

placed on the soil in each flat enclosing the entries in an arena 41x56

cm. Twelve wooden flats were marked wiÈh 35 planting posiËions (fíve

rows of seven plants each) and in each flat, four seeds of each entry

were planted in a randomly selected position. In each f1at, planting

posÍtions vrere randomízed separately. The flats were then individually

caged and at GS 12, seedl-ings r.Iere thinned to one per planting position'

Alate greenbugs were introduced in six cages and apterae were in-

troduced in the remainíng síx. Alatae were íntroduced by placing 200/

flaÈ in a glass víal covered with black plastic and inserted horizontally

in a hole in the Ëop bar of the cage frame. The greenbugs crawled to

the edge of the vial and flew into the cage. After four days the cage

hras removed and alatae on each plant counted. In the remaining six
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cages aPterae and nynphs were lntroduced on lnfested v¡heat leaves placed

on the soll between plant rows (Starks and Burton, 7977). After 4 days

the plants v¡ere uncovered and the apÈerae and nymphs on each plant

counted.

From the results of the above experiments, six entries were selected

and retested in the greenhouse and in the fÍeld. In the greenhouse, a

lO-plant-row of each of the six entries was planted in each of 12 flats.

The positÍons of rows of each entry \rere randomized separately for each

fl,at. Alate greenbugs were introduced into six cages and apterae and

nymphs into the remainder; introduction and counting procedures were as

described above.

In. the f1eld, the six entries vrere planted Ín 1.5x6 n plots in a

randomized complete block design with sfx replicates. Each replicate

(bIock) was 14x41 rn; a I m path surrounded each plot. A lov¡ seed rate

of 25 g/plot was used so that plants could be singled out easily and

searched for greenbugs. The seedlings were observed for the first

appearance of immigrant greenbugs and then sampled weekly by randomly

selectíng five plants/plot and examining Èhem for greenbugs in situ.

Alatae and apterae plus nymphs were counted separately.

A transformation of fi-+ 0J was used for both greenhouse and

field data of alatae whÍle X0'2 r", used for data on apterae and nymphs.

I?¡ese transformatlons stabilized the variance. Analysis of varlance was

performed on the transformed data and tested for significance at P = 0.05

using Tukey's multiple comparison test.
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RESULTS

Antibiosis

In 1982, there were no significant differences in the net repro-

ductive rate (Ro), the cohort generation ËÍme (Tc) or the daÍly capacíty

for increase (r^) between the three greenbug clones, nor were there slg-c

nificant interactions between the clones and entríes for any of these

variables (Appendix 1). The data for the three clones were therefore

pooled for each entry and subjected to one vüay analysís of variance. No

signÍficant differences were found in Ror T" or r" for greenbugs on all

the 50 r,¡heat entries tesËed ín 1982 (fatte f ).

In 1983, the entries could be divided into two groups on the basis

of r" (Table II, Test 1). One entry (K7002-13) overlapped the rr¡ro groups.

Kenya Fahari, Kenya Kiboko, Africa Mayo and R306 were signífícantly more

resistant than Kenya Kl-faru. The entries tested ín 1985 could also be

divided into tr.¡o overlapping groups on the basis of r^ (Table rr, Tests

2 and 3).

There were differences in estimates of the life table parameters.

The overall means Ro for apterae and alatae in 1985 (39.0 and 39.5

respectively) were not sígníficantly different, buË the two morphs had

a mean T- of 15.0 and 13.2 days respectively and thís difference \^ras.c

signifícant. The mean r" for Ëhe two morphs were 0.24r and 0.267 re-

spectively, and this difference was also significant (paired t-test,

P<0.05).
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ToLez'ance

The means for the seedling height 14 days after infestation, number
of tillers and grain yield at harvest for Èhe 46 entríes tested, with
the three greenbug clones, are gÍven in appendíces 2_5. Analysis of
variance revealed no sÍgnificant variation due to dífferences among the
three clones in any of these variables. Also there v/ere no significant
interactions between clones and wheat entries, and so the data for the
three cl0nes were pooled for each entry and tested agaÍ-nst their respec_
tÍve controls' The results of this analysis are sumnarised in Table rrï.
For each entry, control (uninfested) prants were taller than greenbug in_
fesËed planËs, although the heíght difference was significant onry for
one entry' Trophy' some infested entríes produced more, and some fer+er,
tillers than their control prants, while some showed no change. onry
plants of three entries produced. a signíflcantly different number of
tillers r¿hen infested plants were compared v¡ith controls. ïn seven
entries grain yield was sígnifícantly reduced by greenbugs (Table rïr).

rn 1983 and 1985, seedlíng dry weíght 14 days after infestation was
used to assess the impact of greenbugs feeding on wheat seedlings. rn
all entries, greenbug feeding for two weeks resurËed in a reduction in
seedling weight compared r+ith the respective controls (Table rv). rn
1983' R306' Afríca Mayo and K7002-13 dld not suffer sígnificant seedring
weight reduction, while ín 19g5 only Kenya Fahari did not have a sÍg_
nificant reductíon in seedlíng dry weight. rnconsistencíes ín weight
reduction of Kenya Faharí, Africa Mayo and K7002-13 seedlings beÈv¡een
the two years may have been due to uncontrolled conditions in the

I

I

h
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greenhouse affecting the growth of the plants and feeding activity of

the greenbugs.

Grain yield reduction in 1985 \¡Ias not sígnificant for Kenya Faharl

and Africa Mayo (Table rv); but t]ne 7" yield reduction for Afríca Mayo

(37.7'Á) r+as simÍlar to that of K7002-13 (31.9"Á). This indicares rhar

Kenya Fahari nay be the only entry that is tolerant.

Antiæenosis

Greenhouse: There rì7ere no significant

of alate or apterous greenbugs that settled

(Table V). However there !/as a significant

of alaËe and apterous greenbugs that settled

0.68, 33 df, P<0.05).

dífferences between the number

on the 35 entries tested

correlaEion between the number

on the same entríes (r =

The number of alatae that settled on the six selected entrles did

not differ significantly, buÈ the highest numbers settl-ed on Leopard wheat

(Table VI). Bounty and Leopard had been selected from the previous Ëest

(table V) because they were the least antixenotic enËries. Apterae

showed some signíficant differences in their choíce of host plants

(ra¡te vl). significantly fewer greenbugs settled on Kenya Kuro than

Bounty or Leopard.

Field: The alate greenbugs on plots l-ncreased in number from the

fírst week (July 16) of their appearance to the second week and then

declÍned to the fourth week (August 6th) (Table VII). Numbers of apterae

increased from the flrst r+eek to the fourth ¡.¡eek. The alatae were iu-

migranËs that colonízed the crop and theír declíne lndicates that the
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period of high irunigration v/as bet\^/een the fírst and second week, after

which the rate of death exceeded that of imnigration and alatae pro-

duction. The apterae were the progeny of the alate immÍgrants.

The pattern of abundance of alatae on entries ín the field was

símilar to that in greenhouse antixenosis trials. The ranks for Èhe

field (at peak density) and greenhouse tests with alatae were positively,

but not signÍficantly correlated (Spearman's rank correlation coefficient,

r" = 0.37, 4 df, P>0.05) (Sokal and Rohlf, 1981). Leopard again had rhe

highest numbers of alatae (Table VIII) but there vrere no significant dif-

ferences between numbers found on the different entries. There r¡/as a

sígnificant positive correlation betr¿een the alatae at peak densíty (second

week) and their progeny in the same week (r = 0.92, 4 df , p<0.05), but the

peak density of alatae v¡as negatíve1y correlated to the progeny in the

fourth week (r = -0.17, 4 df, P>0.05).
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DISCUSSION

Antibiosis

The effects of antibÍosis of a resistant host-plant take the form

of reduced fecundiÈy, decreased size, increased duration of development

or increased mortality of the insect (Painter, 1951). The evaluation of

crop plants for antibiosis agaínst greenbugs has usually been measured

by assessing mean fecundíty (the net reproductive rate) and longevíty

(e.g. Wood and SËarks, 1972; Schuster and Starks, 1973; Starks and

Schuster, L976; Teetes et a1., I974; I,rlebster and Inayatullah' 1984).

However the highest fecundity may not necessarily result in the largest

population over time, because thís also depends on the generation time.

Leather and Dixon (1984) used reproduction over a períod equlval-ent to the

preoviposition period to determine the intrinsic rate of increase (rr) of

Ëhe bird cherry-oat aphid, RhopaLosiphwn padi (L.). However ro., relates

Ëo populations with stable age distribuÈíon (Southwood, 1978). Laughlin

(1965) suggested that rc is a useful statístic that indícates the expected

population íncrease per unit time r,¡ith no overlapping generations. Thís

staÈistic is therefore more appropriate to apply to data on aphíd repro-

duction where nlmphs are reuoved at each sampling.

Population increase will- be higher for greenbugs wíth high rather

than low r" f or a given tíme period, hence entries \"Iith lovt r" values

exhibit greater antibÍosis. The capacity for increase is r ín the equatíon
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vihere No and Na are the number of indivíduals at tíme zero anð, any tíme

t resPectívely (Southwood, 1978). Startíng with one-day old alate green-

bug nymphs on Kenya Kiboko (table rr, Test 3), after 10 days the popu-

lation will have gro\¡Irt 11.2 tiures v¡hile Ehe population on Kenya Kulungu

(same test) wíll have gror¡¡n 15.5 tínes. rt is t.o be noted that Ro ís

higher for the former than the latter but T" are the reverse (table lI,

Test 3).

The mean Ro for apterae and alatae on all the síx entrÍes (Table II,

Tests 2 and 3) are not significantly different but alatae have signifi-

cantly shorter T" than apterae and thís results ín r" for apterae beÍng

lo¡.rer Èhan for alatae. The alate greenbugs colonize nevr crops and sfnce

Ëhfs species atËacks the seedling stage the ability to produce a large

number of offspring fn a short time may ensure a rapid populatfon growth

and hence effectíve exploitation of the epheneral habitat. These results

díffer from those for other species: for example Dixon and wratÈen

(1971) and hlratten (1977) found that alatae of Aphís fabae Scopolí and

Metopolophiwn diz'hodwn (walker) and Sitobion auenae (F.) all- have a lower

fecundity Èhan apterae of comparable weighÈ up to 20 days. In our sËudfes,

R- is the mean fecundity over the enLire reproductíve lífe of the testo

greenbugs.

Using rc as the criËerlon, in the 1983 test Kenya Faharf, Kenya

Kiboki, AfrÍca Mayo and R306 are the most antibíotÍc entries tested

r.rhile Kenya Kifaru Ís the least antibiotíc entry. In prevíous reports

mean fecundity (no) has been used Èo determine levels of antlbiosis

(i{ood and Starks, 1972; Schuster and Starks, L973; Teetes et al., L974;

I^Jebster and rnayaÈullah, 1984). rf R_ was used ín this sÈudy, dífferent
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conclusions would have been reached, and these may have been erroneous in

the context of the nultlple generations greenbug goes through on wheat

in Kenya.

ToLez,ance

Tolerance -¡y result eíther from the ability of a plant Èo vrith-

stand ínsect damage (wÍlson et al., 1978), or to recover following ces-

sation of insecÈ attack (Johansen, 1978). Ability of wheat to withstand

greenbug darnags can be determined after a L4 day feeding period when

susceptible plants would be more stressed tfran resistant ones. However

when greenbugs are confined on seedlíngs and allowed to feed and rnultíp1y,

the seedlings will eventually die because the greenbugs cannot leave the

host plant and are sheltered from environmental hazards such as severe

weather and natural enemies. Therefore to allow the plants to continue

to gro!¡ and produce grafn, an applicatl-on of insecticide is necessary.

This is consístent v¡ith fíeld practice where a heavy greenbug infestation

on seedling wheat l-s control-led with insectícíde.

Comparison of seedling heighÈ at the end of the feedÍng period and

the nunber of tillers, for infesËed and control plants, do noÈ appear to

be good methods for detecting tolerarrce. Increased tillering of r¿heat

after the feeding of Hessian fl-y, MayetioLa destructol" (Say), at high

temperatures is an important component of tolerance in compensating for

temperature-índuced loss of resistance (Cartwright et al. , L946; Tingey

and Singh, 1980). Such a generalizaËion on tillering of wheat after

greenbug feeding does not seem possible because of the variations in
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plant response.

Seedling dry weighÈ seems to be a good aeasure of wheat tolerance

to greenbug. sígnificant feeding effects are detected, and help to

identify those entries that compensate most for seedling losses once

greenbugs are removed. In 1985 Kenya Kífaru and Kenya Kiboko had been

selected as the susceptible checks and Ëhe test confírned their sus-

cePËíbility and índicaËed that Kenya Fahari was the most tolerant entry.

Antiæenosis

Apterous greenbugs have coumonly been used in tests of antixenosis
(e.g. schuster and starks, rg73; starks and BurÈon, 1977; peíretti et
al', 1980), but alatae are the colonizers of ne¡¿ habitats. The correla-
tion between the numbers of alate and apterous greenbugs suggests a 1or¿

1eve1 of antíxenosis oPerates ín some entries and that both morphs select
their host plants ín the same way when plants of different entries are

close together. The alaËae however, coloníze crops ín the fíe1d and are

therefore the best uorph to use in tests of the antixenotíc effecËs of

wheat entries.

In the field, the alate iuruigrants increased rapidly to the second

week and sharply decreased ín the Èhird week. rt ís apparent these

fr¡rmigrants reproduce rapidly after landing on Èhe crop as was indícated

by the antibíosís experíment. The peak density of alatae (in the second

sanpling week) were significantly correlated to theír progeny during the

second week (r = 0.92,4 df (p.0.05) but negatívely correlated to Èhe

progeny ín the fourÈh week (r = -0.17) and not significantly so (Table
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VIII). This may be largely due to the effects of antibiosis of the plants

because the partíal correlation was shov¡n to be positive (r = 0.i4 3 df)

when erc (a component of population growth rate from antibiosis

experiment, Table I) was held constant. Although the correlation is

still not sígnificant, it is noEed that the r. for alatae and apterae

are different (Table II) and the tv¡o morphs contributed in the progeny.
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CONCLUSIONS

Most of the enÈries tested which included most of the v¡heat germ-

plasm available in Kenya, lacked high 1eve1 resístance to the greenbug.

However some entries possessed 1ow levels of resistance by one mechanism

or anoÈher. Some of the entries ranking hígh in one mechanism vrere very

low in others, e.B. Kenya Kiboko ranked hígh in antibiosis but it was not

tolerant of those greenbugs whích did feed on it. Leopard ranked high

in antibiosis but ít was not antixenotic. Kenya Kifaru, which is a com-

mercial variety, ranked low in resistance ín most tests and ¡,ras therefore

considered a susceptible entry.

Overall, Kenya Fahari showed good performance for all mechanisms of

resistance tested and further work may be focused on this entry. Kenya

Fahari ís a current cormerclal variety. ThLs makes it easy for its in-

corporation into an integrated pest control progratnme. It has been shovm

that laËe planted wheat (late May-June) around Njoro has a high risk of

sufferíng greenbug attack (tr{anjarna and Hollíday, 1986b). Kenya Faharí

matures in 125 days and so it is suitable for late plantíng as an alter-

naÈive to the use of susceptíble varieËies ¡,¡hich are more likely Èo need

insecticidal treatment. This varíety could also be used as sources of

greenbug resistance in the deveJ-opment of ner¿ resístant wheat varietíes.
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Table I. Antibiosis of wheaË entries to
by mean reproductive rate (Ro)
and capacity for íncrease (r")

apterous greenbugs as measured
, cohort generation tíme (T")
in 1982 experiment

Entry IEntry status Ro Tc (Days) r. (Per day)

Kenya Kíma

Kenya Kiboko

Leopard

Kenya Kulungu

K7155-36

R351

Kenya FaharÍ

Kenya Popo

R301

Kenya Maurba

Kenya Kongoni

Kenya Nyumbu

K6940-1

Kenya Ngiri
K7 207 -r
Kenya Nyangumi

Kenya Nungu

Hunter

Kenya Nyati
K7002-13

R306

Afríca Mayo

GB57 64

K7000-1

Bounty

C

R

C

c

BL

P1

c

C

P1

C

C

C

BL

c

BL

C

C

R

R

BL

P1

C

RS

BL

C

25.2-

27.6

26.I
29.9

22.3

38 .5

32.3

22.3

30. B

4r.3
2r.o
26.2

36.6

39.3

40 .1

4r.7

34.6

31 .6

4L.6

42.L

46.3

31. 3

34.L

49 .3

25.6

t
L8.2-

78.2

L7.5

15 .8

16 .5

19.1

18.6

16.2

18.1

18.3

15. I
16.4

18.6

18.5

77.3

18.5

r7.6
15 .5

18.3

l-8.2

18. 7

16.6

l'7.2

18. B

L4.3

Continued

2
0.176-

0 .178

0 .178

0 .184

0.187

0.188

0.189

0.191

0.191

0. 191

0.L92

0.197

0.I97
0. 198

0 .199

0 .200

0.201

0 .203

0.204

0.204

0.204

0.206

0. 206

0 .208

O.zTL
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Table I continued

Entry Entry status Ro Ts (Days) r" (Per day)

Kenya Swara

Kenya Bongo

K7207 -r9
Trophy

Kenya Kuro

Kenya Tembo

R325

Largo

Kenya Kanga

Kenya Zabadi

K7186-1

Fanfare

R235

K7208-1

K7000-6

K6952-r

G85766

Kenya Nyoka

Page

K7 207 -2I
R253

Kenya Paa

Kenya Kudu

Kenya Paka

Kenya Kifaru

R

C

BL

38.1

s4.s

31.3

32.8

40.8

44.2

39 .7

28.3

41. B

27 .2

43.8

42.L

43.3

42.0

29.r

38.4

48 .5

50.4

39 .3

40.3

46.r
46.3

27 .4

65.4

60.4

17.7

18.6

L6.4

L6.2

L6.9

17 .3

L7.L

15 .7

17 .0

74.9

17.4

16.9

L7.3

L7 .7

15 .3

L6.6

17.6

L7 .2

16 .5

l-6.2

]-6.7

16 .6

14. 1

L8.2

17 .8

0 .211

0.2I7
0.2L2

0.2r4
0.2r5
0.2L5

0.2L6

0.2r7
0.2r7

0.218

0.218

0.2L9

0.2r9
0.220

0.221

0.22I
0.22I
0.221

0.222

0.228

0.228

0.229

0. 230

0 .230

0.232

c

PI

RS

R

C

BL

R

PI

BL

BL

BL

RS

R

R

BL

PI

C

R

C

C

t Entry status: BL, Local Breederrs Line; C, Commercial varíety;
Pr, Plant rntroduction; R, Restricted variety; RS, Resistant selection
from the United States.

2- There were no sígnifícant differences between means in each column
(P>0.05).
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Table II Antibiosis of selected v¡heat
greenbugs as measured by mean
hort generation Èime (T") and

entries to apterous and alate
reproductive rate (Ro) co-
capacity for Íncrease (r.

Ro Tc (Days) rc (Per day)

Test 1: 1983

Kenya Fahari

Kenya Kíboko

Africa Mayo

R306

K7002-13

Kenya Kifaru

Test 2: 1985

Kenya Kulungu

Kenya Kíboko

Kenya Paka

Kenya KLfaru

Kenya Kíma

Leopard

Test 3: 1985

Kenya Kiboko

Kenya Kiura

Leopard

Kenya Kulungu

Kenya Paka

Kenya Kifaru

Ap terae

Apterae

Alatae

34 .7 ab

26.7a

29.3a

32.9ab

40.2ab

49.6b

27.4c

33. 9cd

43.5cd

48. 3d

42.3d

38. 7cd

40.6ef

27.8e

34. Bef

36 .Oef

49.21.

48.9f

16.la
74.4a

15 .0a

14.8a

15 .1a

14.La

15 .0c

14.7 c

15.6c

15 .9c

L4.9c

14.lc

14.9s

11.4e

13.Oefg

L2.9ef
14 .Ofg

13. 3efg

0.220a

0.225a

0.225a

0.236a

0.244ab

0.278b

0.2L9c

0 .231cd

0.242cd

0.246cd

0 .251d

0 .259d

0.242e

0.25lef
O.264ef

0.274eÍ

O.276ef

0.293f

I^Iithin columns means followed by
not significantly differenÈ at P

test).

in the same test are
rnultiple coruparison

the same letter
= 0.05 (Tukey's
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Table III Tolerance of wheat
seedling height at
and graín yield at
1982 experÍment

entries as determined by reduction ín
the time of greenbug removal, tillers
harvest, based on adjusted means in

Entry

Mean
Z height
reduc tion

Mean
7 til-l_er
reduction

Mean yield
g/P lant
control

'llean 
"/"

yíe1d loss

R306

Kenya Fahari

K7002-13

Kenya Nyumbu

K7155-36

Kenya Paa

R6952-r

Africa Mayo

Kenya Paka

GB57 64

Kenya Kima

R351

K7186-1

Kenya Kulungu

Kenya Nungu

Kenya Nyati
Kenya Mamba

Fanfare

K7000-1

Kenya Swara

K7207 -L9

Kenya Ngiri
Kenya Kongoní

Kenya Zabadi

Kenya Kanga

2

16

6

L4

13

I4
I
9

23

I4
7

I
15

2

I
15

15

1B

23

2

L7

13

2

I
I7

2

24

-10

-15
4

36

4

11

T7

18*

7

33

T4

-3
L4

-l
-31

-5
J

4

9

-11
10

2

11

2.25

2.5I
3.49

2 .47

2.54

3.51

3.14

4.99

4.r7
I.26
4.44

3 .63

4.L5

2.58

5.43

4.24

5.02

4.99

s.84

3.7s

4.72

6 .01

4.20

3.8s

4.96

Continued

-37

-27

-15

-13

-4
I
2

a

3

9

10

15

6

16

t3

5

10

13

18

7

T2

16

t7

18

20
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Table III continued

Entry

Mean
Z height
reduction

Mean
7" tiLler
reduc tion

Mean yield
g/pLanx
control

l{ean %

yíeld loss

K7000-6

R25 3

Kenya Popo

R325

R235

Leopard

Kenya Kudu

Kenya Kuro

K6940-i

K7207 -2L

Bounty

K7208- i
Kenya Kifaru
Page

Trophy

Kenya Nyoka

Kenya Kiboko

R301

Kenya Teubo

Hunter

Kenya Bongo

L4

9

I
0

2T

4

5

2

18

t9

8

14

13

23

24*

t9

2L

13

5

L4

1B

6

-4

-10

4

-4

-1

-10

-38

-10

31*

0

4

10

I
-6

8

B

-7
15

-19

-18*

4.76

3.99

4.06

5 .58

4.32

4.33

2.75

4.03

6.4t
4.34

5.T4

4.95

5.51

3. 93

4.10

4.s0

3. 55

5.76

4.3L

2.27

2.54

23

20

22

2I

18

2T

20

22

24*

25

27x

26x

Lt^

26

27

27

¿J

3l*
33*

35

50*

*Mean of infested plants vras
nean of respectlve conËrol

signíficantly reduced r¿hen compared to
at P = 0.05 (one tailed È-test of contrast).
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Table V. Antixenosís of wheat
by mean number/plant
apterae 4 days after

entries to the greenbug as shown
(t standard error) of alatae and
ínfes tation

Entry Alatae Apterae

Kenya Tembo

Kenya Nyati
Kenya Kuro

Kenya Kulungu

K7000-i

Kenya

Kenya

Hunter

Kenya

Kenya

R253

R301

Bongo

Kongoni

Fahari

Kiboko

Kenya Kifaru
Kenya Nyangumí

Kenya Zabadí

R7207 -2I
Kenya Nyoka

R235

Kenya Popo

Kenya Manba

Africa Mayo

Kenya Nglrí
Kenya Paa

Page

Fanfare

1.3r0.5
1.8J0.9

2.0J0 . B

2.5!L.3
2.510.8

2.6!0.8
2.5!L.0
2.6r0 .8

2.8!r.9
2.8!0 .7

3.011 .0

3 .011. 6

3.010.9

3. 2t0 .8

3. 3il.5
3 .511. 6

3.511.0

3. 811. B

4 .011. 3

4 .0!2.7
4.011.4

4 .2!I.7
4.311.3

4.7!2.4
4 .7 lr.2

59.3!77 .9

63.0116.8

60 .0t18 . 9

6I.6t6L.6
87 .8!22.5
87 .8!32.6
67 .7 !2l-.3

7 4 .O!27.7

133. 3146 . 6

66.0!27.5
89.5!25.L

77.0r38. 1

95.8!29.9

92.2!27 .7

62.3!24.7

81 .0116 . 2

I25.5!42.L
87.0135.2

80 .2!20.7

80. 7117. 3

10-?. 3177.4

91.8141.7

L24.0!34.0

95 .0132. 6

104.0133. 1

Continued
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Table V continued

Entry Alatae Apterae

Kenya Nungu

Kenya Paka

Kenya Nyumbu

Kenya Swara

Kenya Kima

Trophy

Kenya Kanga

Kenya Kudu

Leopard

Bounty

5 .011. 2

5.2!2.2
5. 313.7

5.511.9

5. 610 .9

5. 711.3

5.8t1.4
7.011. 9

7 .0!2.2
8 .013. 2

I29.6!40.5
106 .8r28. 7

79 .3!L4.5
137 .3114.9

110.3147.6

96.5118. B

111.5143.1

119.7134.1

L33.3!46.6

117.5r38.5

Means within each colunn are not sígnificantly different at
P = 0.05.

Correlatíon betr¿een means of alatae and apterae (r = 0.68,
33 df P<0.05).
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Table VI Antixenosis of selected wheat entries to the greenbug as
measured by mean number of alatae and apterae per plant
(+ standard error) 4 days after infestatíon in in-
dependent experíments for the two morphs

Entry Ala tae Ap terae

Kenya Kuro

Kenya Fahari

Kenya Nyati

Kenya Tembo

Bounty

Leopard

4 .0t0 .4a

4 .010 .4a

4.2!0 .4a

4.2!0.4a

4.2x0.5a

5 . 410 .5a

37 .013. 3a

46.9t4.6ab

44.Bt4.Oab

42 .7 !3.4ab

47 .9!3.7b

53 .014. 5b

Means followed by the same letter ín each column are not significantly
different at P = 0.05 (Tukeyrs multípIe couparison test).

Correlation between means of alatae and apterae * nymphs (r = 0.74,
4 df P>0.05).
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Table VII Mean (t standard error) number of greenbugs per
five plant sample taken randomly each week from
36 field plots of six wheat entríes in 1985
antixenosis studies

I,Ieek Alatae Apterae

July

July

July

August 6

16

23

30

2.6!0

13 .211

5. 1r0

0.910

.3b

.0d

.5c

.2a

LB.5!2.6a

99.2!9.3b

196.8113.5c

233. 5115 .0c

Means followed by Èhe same
signifícantly different at
comparison Èest).

letter in each column are not
P = 0.05 (Tukeyrs multiple
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Table VIII Mean number of greenbugs at peak density
week of sampling) in field plors in 1985
antixenosis

of alatae (second
studies on

Entry
Alatae
week 2

Progeny
week 2

Progeny
week 4

Kenya Nyati

Bounty

Kenya Kuro

Kenya Faharí

Kenya Tembo

Leopard

TI.2

1r .6

t2.6

L2.8

13.5

r4.0

79.5

80. 7

88 .0

106.0

128.0

r09.2

265.3

22I.3

298.5

r52.2

249.0

207.5

Correlation coeffícient between
densÍty of alatae (second week)

Correlation coeff icient between
and progeny ín the fourth week (

Partial correlatíon coefficient
progeny in the fourÈh week wíth
constant (r = 0.14, 3 df P>0.05)

alatae and thefr progeny at peak
(y = 0.92, 4 df (P<0.05).

alatae at peak densíty (week 2)
r = -0.17, 4 df P>0.05).

between alatae at peak density and
erc (from antibiosis experiment) held
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Appendix 2. Effects of the feeding of greenbug on plant height at the end
of feeding period, number of tillers and grain yield at
harvest, of wheat entríes in tolerance studies in 1982.
Means are adJusted for populatÍon of greenbug 10 days
after infesÈation

1HeÍght'(crn)

InfesÈed Control-

Ti1 lers 2 Yield (e)

Entry Infested Control Infested Control

R306

Kenya Fahari

K7002-13

Kenya Nyunbu

K7155 -36

Kenya Paa

K6952-1

Africa Mayo

Kenya Paka

Gr*5764

Kenya Kima

R351

K7186-1

Kenya Kulungu

Kenya Nungu

Kenya Nyati
Kenya Mamba

Fanfare

K7000-1

Kenya Swara

K7207 -I9
Kenya Ngiri
Kenya Kongoni

Kenya Zabadi

Kenya Kanga

38. 3

36.7

36.4

43.3

40 .1

37 .5

42.3

46 .4

28.4

44.L

46 .4

35 .9

43.7

37 .7

38.5

34 .8

39 .5

37 .8

36.9

3s.7

4r.6

33.2

34.s

39.2

3s.B

39.2

43. B

38. 9

50 .1

46.0

43.6

46.0

50.9

36.7

5L.2

49.8

39.1

51. 6

3B .4

38.8

40.9

46 .4

46.L

47 .B

36 .5

50.1

38.1

35 .1

42.3

42.9

5.7

5.3

5.3

6.1

6.3

3.4

6.7

6.4

4.8

l-4.2*

5.6

3.2

s.4

7.5

4.3

7.r
7.6

6.6

5.6

7.2

6.2

8.3

5.7

5.9

6.2

3 .08

3.18

4.02

2. B0

2.65

3. 36

3.08

4.62

4 .05

1.15

4 .01

3.09

3. 90

2.!7
4.72

4.04

4.5r
4.32

4.76

3.49

4.17

5.07

3.48

3.L4

3 .95

2.25

2.57

3 .49

2 .47

2.54

3. 51

3.r4
4.99

4.r9
r.26
4.44

3.63

4.r5
2.58

5 .43

4.24

5.02

4.99

5 .84

3.75

4.72

6 .01

4.20

3. 8s

4.96

5.8

7.0

4.8

5.3

6.5

5.3

7.0

7.2

5.8

17 .3

6.0

4.8

6.3
'74

5.0

7.0

5.8

6.3

5.8

7.5

6.8

7,5

6.3

6.0

7.0

Continued
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Appendix 2

Entry

continued

Heightl (crn) Til1ers2

Infested Control Infested Control

Yield (e)

Infested Control

K7000-6

R253

Kenya Popo

R325

R235

Leopard

Kenya Kudu

Kenya Kuro

K6940-1

R7207 -2I
Bounty

K7208-1

Kenya Kifaru
Page

Trophy

Kenya Nyoka

Kenya Kiboko

R301

Kenya Tembo

Hunter

Kenya Bongo

35.2

30.9

38 .5

38. 6

32 .0

38. 9

47 .s

37.4

38 .3

39 .0

43.5

32.6

33.0

36.9

35.7*

3s.7

39 .3

36 .9

37 .5

39 .8

32.4

40 .8

33.9

38 .8

38.7

40.3

40 .3

50.0

38. 3

46.6

48.4

47 .2

38. 1

38.1

47 .8

46.9

43.9

50 .0

42.s

39 .5

46.5

39.6

4.5

5.7

4.4

5.1

5.7

8.6

6.4

6.9

5.5

5 .4*
5.8

7.2

7.0

9.9

5.3

6.9

6.7

4.6

4.r
9.3

13.3*

4.8

5.5

4.0

5.3

5.5

8.5

5.8

5.0

5.0

7.8

5.8

7.5

7.8

10 .0

5.0

7.5

7.3

4.3

4.8

7.8

11. 3

3.20 4.L6

3.18 3.99

3. 15 4 .06

4 .39 5 .58

3.56 4 .32

3.43 4.33

2.2L 2.75

3.16 4.03

4. 85* 6 .41

3.2s 4.34

3.73* 5 .I4
3.67* 4.95

4.02* 5 .51

2.92 3.93

3.00 4 .L0

3 .27 4 .50

2.75 3.55

3.95* 5 .7 6

2.87* 4.3L

L.47 2.27

r.26x 2.54

t-seedling height measured to the tip of
greenbug feeding.

longest leaf after 14 days of

2"""rr" based on total number of tíllers including those that did not
yield grain.

*Mean for ínfested plant significantly different from that of
respecÈive control plant at P = 0.05 (one tailed È-Ëest of contrast)
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Appendíx 3. Effects of three greenbug clones from Eldoret, Mau Narok
and Njoro on seedling height, rneasured in cm to the típ
of longest leaf, at the end of 14 days feeding period in
1982 studies on tolerance. Means (t standard error) not
adjusted for greenbug numbers

Greenbug clone

Entry Eldoret Mau Narok Nj oro Control

R306

Kenya Faharí

K7002-1 3

Kenya Nyuubu

K7155-36

Kenya Paa

K6952-r

Africa Mayo

Kenya Paka

GB57 64

Kenya Kima

R351

K7186-1

Kenya Kulungu

Kenya Nungu

Kenya Nyati
Kenya Maurba

Fanfare

K7000-1

Kenya Sr,rara

K7 207 -I9
Kenya Ngiri
Kenya Kongoní

Kenya Zabadi

Kenya Kanga

K7000-6

38.4!r.34
4L.5!2 .98

37 . 9t0.53

49 . 110. 39

44. 913.00

41.011. 43

48.0t0 . 71

46.4!4.L9

3r .7 !2 .68

51.8r0.23
49.310.18

37. Bt1. 11

48. 3r6 . 35

36.5!4.20
37.4!2.3I
40.1r5.89
45 . 111. 70

40.5!2.87

39 .011. 10

45.9t0.87
51.013. 67

36 .4r1. 38

35.3!4.70

36.516 .40

39.914.18

39.9!r.42

36 .2!2.49

36.7!8 .42

39. B11. 10

45.9!2.L0
46.7!7.I3
34 .0r5. 33

48 . 611. 18

46 .3!2.80
34.110.55

45.013.50

40 .8!4.75
34.8x2.62

52. 9t0 . 50

38 .6!I.64
37.7!2.04
36.7!7 .LB

43.7r0.80

43.6!0 .92

38.111.01

46 .8!L. 62

37.0110.67

35.511. 25

35 . 5r1 .94

43 .r!2.7 4

38. 311.42

35 .2!6.48

34 .9!r.39
28. 114 . B5

28.I!4.59
34 .2!5.64
28.3t4.23

34.6!4.96
29 .8r1. B1

42.5!3.50
23.3!0.97

35 . lt5 .84

47.6!2.64
29 .5!4 .64

33 .5!4 .47

34.3!6.20
37 .5t0.97
34.910.36

31. 6r6 .34

28 .6!2.88
24.6!3.L4

30.0!6.27
44 .o!2.64
26.0!5.47

34.2!6.24

3B .615. 16

28.7!3.75

27 .3!5.83

Contínued

39 .2!I.55
43. 8r0 . 94

38. 9t1. 46

50.110.92

46 .0r3.58
43.6r0 . B3

46.0!I.34
50.L!2.24

36 .7lI.44
5L.2tI.20
49 .8tl.03
39 .1r3.03
5r.6!2.46
38. 411. 60

38.5!2 .46

40.9!3.92
46 .4!0 .83

46.t!I.52
36 . 1tr. 48

44 .9!t.65
50. rtl . 93

38 .110 .84

35 .115 . 73

42.3!5.20
42 .9!4 .57

40.8r1.84
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Appendix 3 continued

Greenbug clone

Entry Eldoret Mau Narok Nj oro Control

R253

Kenya Popo

R325

R235

Leopard

Kenya Kudu

Kenya Kuro

K69 40-1

K7207 -2L

Bounty

K7208-1

Kenya Kifaru
Page

Trophy

Kenya Nyoka

Kenya Kíboko

R301

Kenya Tembo

Hunter

Kenya Bongo

33.013. 76

38.2!4 .30

39. 5t0. 96

36 .2!2.62
40 .r!2.22
50.5!2.73

40 .7!4.87

43. 113.82

45 .4!5 .23

44.6!2.03

36 .0!2.26

34.L!L.r2
42.5!I.47
4L.6!2.0t
41. 513. 08

46 .r!7.66
39.811.40

39.1r1.85
44.4!r.LL
29 .5!B .7 4

30 .2!5 .12

38. 514. 3B

39. 611. 00

36.4!4.83
41.011.83

48. 511. 16

34.4!70.23

43.013. 34

36 .rt7 .45

45 . 411. 88

40. 111. 63

36 .5!r.7 6

4L.2!r.94
40.9!4.92
40. 911. 13

47.0!I.78
42.0!L.3L

37.811.36

45 .8!2.04
38.111.30

29.3t2.60

37 .9!4.17
33. 511. 37

28. 110. B3

36. 513.03

45.4!4.30
42.0!5 .42

28 .6!2 . BO

35.4!8.26

37.3!2.37
2I.2!r.64
26 .9!I.45
27 .7!2.60
24.8t7 .80

25. 111. 81

29 .6!4.08
25.5!2.98

33.8!2.73
35. 6t3 . 16

26.9!2.54

33.9r3.04
38 .5!2.59
38 . 6r0 .88

40 .3!0 .97

40. 3r1. 66

51.011 .50

37 .4!4.62
46 .6!3.L2
48. 4r1.18

47.3!2.92
38 .Itz.57
38.2!0.44
47.8!3.4t
46.911.03

43. 9r0. 87

50 .011. 17

42.5!I.53
39. 5i0.61
46.511. 50

39 .610 . B3
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Appendix 4. Effects of three greenbug clones fron EldoreÈ, Mau Narok
and Njoro on production of tillers by wheat entries in
1982 tolerance studies. Mean + standard error, of
four plants not adjusted for greenbug numbers

Greenbug clone

Entry Eldoret Mau Narok Nj oro Control

R306

Kenya Fahari
K7002-1 3

Kenya Nyumbu

K7155-36

Kenya Paa

K6952!-L

Africa Mayo

Kenya Paka

GB57 464

Kenya Kina

R35I

K7186-1

Kenya Kulungu

Kenya Nungu

Kenya Nyati
Kenya Marnba

Fanfare

K7000- i
Kenya Swara

K7207 -]-9

Kenya Ngirí
Kenya Kongoni

Kenya Zabadi

Kenya Kanga

5. 510 . 65

4.0!r.29
5.8r0.48

6 .310 . 63

I .010. 91

3.510.50

6.310.63

8.010.41

4. Bt0 .75

12.8!2.87
5. 510. 65

3.810.48

5. 0t0 .41

7 .3!0.48
4.3!0.25
8.8r0.25

8.310 .25

7. 3r0 . 85

6. 3r0. 71

7. Btl. 11

5. 310.25

8.510.96

5.8t0.85
6. 3r0 .48

6.0r0.91

5 . 5r1. 04

5.5!I.26
5. 010 .41

6.5!0 .29

6.010. 71

3.310 .25

7.510.65

6.5r0.50
5.010.41

15.011.00

5.010.65

3.810.48

5 .010 .41

7.310 .63

4.8r0.48
6 .0t1. B7

7 .510.50

6.810.48

5.510. 29

6.5x0.29

6.3x7.44

8.3!I.44
6. 3r0.85

6.310.63

6. 310.75

6.8r0 .48

6. Bt1 . 18

5. 510 .50

5.810.25

5.0r0.41

4 .0r0 .00

6 . 3r0 .25

5.010 .58

4. 3t0 .48

15.010.178

6.010 .41

2.8!0.25

5. 8r0 .63

B. 3r0 . 85

4.3t0.25
5.8t0.48
7 .O!0.82

7. 310.48

5 .810 .63

6.5i0.96
6.510.65

B. 3t0 . 75

5 .010 .00

5 .310 .48

6.5t0 .29

Continued

5.811.25

7 .0r0 . 71

4. Bt0. 63

5. 310. 25

6.510. 87

5 .3t0.48
7 .010 . 41

7 . 3r0. 48

5. 8t0.48
L7.3!2.39

6 .0r0 . 71

4. 8t0.75
6. 3r0 .48

7. 310. 48

5 .0t0 .00

7.0r0.58
5. 810. 48

6 . 3r0.48

5 .810 .48

7 .5!0.96
6. 811. 75

7 .5!0.65
6.3!0.25
6 .0 r0 .41

7.0lL.94
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Appendix 4 continued

Greenbug clone

EnËry Eldoret Mau Narok Nj oro Control

K7000-6

R35 3

Kenya Popo

R325

R2 35

Leopard

Kenya Kudu

Kenya Kuro

K6940-1

R7 207 -2r
Bounty

K7 208- 1

Kenya Kifaru
Page

Trophy

Kenya Nyoka

Kenya Kiboko

R3O I
Kenya Tembo

Hunter

Kenya Bongo

5.0r0 .41

5.5!0.29
4.5!0.29
4. 8r0 .48

5.510.65

8 .8t0 . 95

6.510.87

7. 8r0 .48

6. 0r0 .9 I
5.511.55

6.5r0.87

7 .510 . 87

6 .8r0 . 85

11. 311. 80

6.511.19

8.011.00

5.811.11

5. 3t0 .63

4.5!0.29

9.8!L.44
13.011.08

4.011.00

5.310.48

4.510.50

5.510.50

6. 310.85

8. 3t0 . 25

5 .811.11

5.3r0.48
6.010.91

3.5!L.44
5 . 310 .48

6.510.95

7 .8!0.25
10 .010. 58

5. 311.03

6 . Bt0. 75

6.3!r.32
4. 5t0 .65

3 .810 .48

8.811.93

13 .0r0. 82

4.8!0.25
6.3!0.25
4.3x0.25

5.011.00

4. 811 .0 3

I .5 t0 .50

6 . Br0 .95

7.5r0.50
4.5!0.29
7.310 .48

6.310 . 71

7.8!7.44
6.8t0.48
8.510.50

4. 3t1 . 18

6 .0r0 .41

8.5!0.29
4.3!0 .25

4.5r0 .65

9.011.53

13. 311.32

4 . Bt0 .48

5.510 .65

4.011.08

5. 3r0 .48

5.5j0.65
8.510 .87

5. 810.95

5.0r0.71
5.010.41

7.8r1.03

5 .810. 25

7.510.87

7 . Bt0 .63

10 .0r0 . 41

5.0r0.41
7. 511.50

7 .310 .48

4. 3r0 .48

4.810. 25

7 . 811.03

11.3Ì0.63
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Appendíx 5. EffecÈs of three greenbug
and Njoro on grain yield
tolerance in 1982. Mean
not adjusted for greenbug

clones frour Eldoret, Mau Narok
(g) of wheat entrÍes tested for
+ standard error, of four plants,
numbers

Greenbug clone

Entry Eldoret Mau Narok Nj oro Control

R306

Kenya Fahari

K700 2-1 3

Kenya Nyumbu

K7155-36

Kenya Paa

K6952-l
Africa Mayo

Kenya Paka

GB57 64

Kenya Kima

R35l

K7186-1

Kenya Kulungu

Kenya Nungu

Kenya Nyati
Kenya Mamba

Fanfare

K7000-1

Kenya Srvara

K7 207 -19

Kenya Ngiri
Kenya Kongoni

Kenya Zabadí

Kenya Kanga

3.811.12

3 .0t0 .52

4.5!0.42
3.4!O .42

3. 311.02

3.7!0.44
3 .3r0 . 26

4.8r0 .30

3.311.02

L.g!0.72
4.3!O .22

4.010.20

4.3!0.42
2.I!0 .48

5.5-0.22

3.9lO .52

4.9!0.28
3.6r0.68
5 .4r0 .48

4.2!0.58
3.810.62

5 .0 t0 .40

4.4!0.48
3 .7 !0 .54

3.410 .30

2.9!0.32

3.5r0.32
4.3!0 .26

2.6!0 ,24

2 .410 .50

2. 3t0 . 38

3. 1r0 .28

4. Bt0 .50

3.610.66
1 . 1t0 .54

3 .4!0 .24

3. 2r1.00

4 .1r0 .96

3.0r0 .60

5.0r0. 20

3 .0r0 .46

3.810 .54

4 . 7t1 .00

5.8r0 .24

3.2!r.32
2 .8r0. 70

5.2!0.20
3.2!0.44
3. 310.44

3. 7t0 .56

3.8!L.26
3.6!0.32
3 .7 tO .64

2 .510 .40

2 . 3t0 .58

4.5!7.22
2 .910. 30

4 .7 !0 .82

4 . 5t0 .50

0 .5710. 36

4.5!0 .28

2.810 .80

2.9!t.22
1.910.40

4.2!0.L6
4 .410 .58

4.6!0.42
4 .7r1 .00

3.810.96

3. 1r0 . 68

5.2!L.42
4 .610 .56

2.7!0 .56

2.4!0.78
4.9r0.82

Continued

2 .3!0 .66

2.5!0 .28

3.5r0.48
2.5!O .62

2.5t0 .L6

3 .510 . 20

3 .110.44

5 .010 .68

4.2!0.r4
1. 310.30

4 .4r0.50

3.6!0 .26

4.2!0.82
2.6!0.58
5.4!0.42
4.2!O .44

5.010.12

5.0r0 .54

5.8r0 .70

3 . Bt0. 32

4 .7 t0 .34

6.0!0.44
4.2!0 .70

3.9!0 .44

5.010.36
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Appendix 5 continued

Greenbug clone

EnÈry Eldoret Mau Narok NJoro Control

K7000-6

R253

Kenya Popo

R325

R235

Leopard

Kenya Kudu

Kenya Kuro

K6940-1

K7207 -2L
Bounty

K7208-1

Kenya Kífaru
Page

Trophy

Kenya Nyoka

Kenya Kíboko

R30 I

Kenya Tembo

Hunter

Kenya Bongo

3.4!0.46
3 . 810 .58

4.0i0.58
5.6!0 .24

3. 1r0 . 7B

4 .110 .18

2.6!0 .34

3.410 .30

5 .110 .30

4.9!0.52

3.5!0.72
4 . 3t0 .98

4 .110.66

2.6!0.66

4.3!0.74
3. 3r0 .60

2.6!0 .L2

4.r!0.52
2.3!0 .62

1.1t0 .90

1.610.66

3. 4t0 .50

1.910.90

1.9r0.78
4 .3r0.56

3 .810 .50

2.7 lO .78

r. 6r0 .58

2. 3r0 .30

4.9!0.96
1.611.18

4.3!0.26
4. 5r0 .40

3 .5!0 .7 4

4.2!0 .62

2.6!0.82
3.6!0 .44

2.9!0.52
4 . Bt0 .18

3.5!0.24
1.410 .38

0.8!0.72

3 . 3r0 .90

3.910.36

3.8!I.22
4.4!0.78
3.2!0.20
3.3r0.60
2.3!0 .56

3 .5 10 .40

4 .7 lr .26

3 .410 . 90

3.8i0 .82

2.2!0.82
4.6!0.L2
2.9!0.96
2. 1t0 . B0

2.9!0.L4
L.3!0.22
3.410.90

3.1r0.70
1.510.80

r.4!o .74

4 .2!0 .26

4.010 .54

4.L!0.54
4.6!0 .48

4. 310 .90

4.3!O .28

2.8!O .52

4. 010 . 36

6.4!0.82
4. 3r0 .28

5 . lr0 .52

5 .0r0. 32

5.510.10

3.9!O .42

4. 1r0 .86

4 .5!0 .20

3.610.54

5. Bt0.18

4. 3t0 .20

2.3t0 .7 4

2.5!0 .7 4
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Fllght perlods of greenbug, Schizaphis gnøninwn (Rondani)

(Honoptera:Aphidldae), and development of infestations

on wheat crops in KenYa

ABSTRACT

Greenbugs , Schizaphis gnøninum (Rondanl), were not captured ln

yellow \,rater traps placed in a field of wheat that they invaded in 1982

at Njoro in Kenya. Clear sticky traps, used from AugusË 1983 to July

1985, were effectlve 1n catching airborne greenbugs. The annual pattern

of greenbug flíght activity was classífied into two periods assoclated

with raíny seasons. 1. June-September when catches were numerous and

peaked in July or August, 2. October-February or March, when catches

were low. No greenbugs were caught between March and May. The numbers

caught at 1.5, 3.0, 4.5 and 6 n dininished with heíght during August-

SepÈember 1983, and during the October 1983-March 1984 flight periods

but not at other Èimes. More greenbugs llere caught fn wet years (1"983

and 1985) than in the dry year (1984).

Arríval of greenbugs on a crop was not always follov¡ed by a rapid

population increase, and in one field greenbug population became locally

extinct. Precl-piÈation seemed to influence the rate of populaÈion 1n-

crease of greenbugs on r.rheat. It is recomnended that late planting of

wheat (late ìlay-June) be avoided so that the vulnerable seedling stage

is passed before greenbugs aPpear in June or July'
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Les périodes de vols du puceron vert des graminées Schizaphis
graminum Rondani (Homoptera:Aphididae) et le développement des

infestatÍons des récoltes de bIé au Kenya.

nísuuí

Les pucerons verts des graminées, Schizaphis graminum (Rondani), qui

envahirent un champ de bIé à Njoro au Kenya en 1982, ne furent pas

capturés dans des trappes d'eau jaunes qui étaient placées dans 1e

champ. Des trappes claires et collantes, utilisées depuis août f983

à juillet 1985 furenÈ efficaces pour attraper les pucerons verts des

graminées qui sont aéroportés. Le patron de vol annuel du puceron

vert des graminées fut classifié en deux périodes associées avec Ies

saisons pluvieuses: 1. Juin à septembre, lorsque les prises éEaient

nombreuses et la période de pointe était en juillet ou août, 2.

Octobre à février ou mars, lorsque 1es prises étaient peu nombreuses.

Aucun puceron vert des graminées ne fut attrapé entre la période de

mars à mai. La quantité attrapée à 1.5, 3.0, 4.5 et 6 mètres diminua

avec l'é1évation pendant août à septembre 1983, et pendant la période

de vol d'octobre 1983 à mars L984, mais ne diminua pas pendant les

autres périodes. Plus de pucerons verÈs des graminées furent atEraPés

pendanÈ les années pluvieuses (1983 et f985) que pendant I'année

sèche ( i984) .

L'arrivée des pucerons verts des graminées sur la réco1te n'était
pas toujours suivie par une augmentation rapide de Ia population et

dans un champ la population des pucerons fut détruite dans la localité.
La précipitation semblait influencer le taux d'augmentation de la
population des pucerons verts des graminés sur le blé. II est recommandé

d'éviter la plantation tardive de b1é (fin mai-juin) afin que 1a phase

du vuln6rable semis soit passée avant que 1es pucerons verts des

graminées apparaissent en juin ou juillet.
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INTRODUCTION

Greenbugs, Schizaphis gz,øninun (Rondani), can f1y long distances

before invadtng crops (Kieckhefer et al., L974). For example, nass move-

ment of greenbugs from the southern United States, considered to be

nigration (Johnson, 1969) is the probable cause of outbreaks of greenbug

in the northern United States and Canada (Robinson and Hsu, 1963; Berry

and Taylor, 1968; Taylor and Palmer, 1972). The dÍstance over which

greenbugs fly ranges from a few meEres to several hundred kílouretres

(Taylor and Palmer, L972). Migrating greenbugs have been sampled 1n low-

level jeË streams blowing at heíghts between 500-1000 n (Berry and

Taylor,1968). It is suggested that aphlds nay fly for up to 36h

(Taylor .and Palmer, L972).

Varíous traps have been used for monitoríng aphids, e.B. yeIlow

water traps (Moeríke traps) for catching landing aphids (Eastop, 1957),

suction traps such as the Rothamsted insect survey trap sampling air-

borne aphids (Taylor, 1977), and stícky traps catchíng both landíng and

mfgrating aphids (Broadbent, 1948; Heathcote, L966). There are con-

flictlng report.s regarding the response of greenbugs to yellow traps.

Taylor and Palmer (I972) suggested that greenbugs are noE attracted to

yellow while other authors report that they are attract.ed to yellow

(Roach and Agee, L972; Harvey et 41., 1982).

Information on greenbug Bovements has been used to predict in-

festations and to provide recorÍmendations on planting dates for r"'heat

and sorghurn (Kieckhefer et a1., 1974; Harvey et al., L982). Despite

frequent outbreaks of greenbug on wheat in Kenya (Wanjama, 1979), the

f líght periods of thfs aphid are not kno¡"¡n. Such ínformation would be
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useful for predicting periods of possible high ínfestation, and estab-

lÍshing planting dates to avoid extensive damage to seedl-íng wheat.

The objectives of this study In¡ere to fÍnd a convenienÈ meËhod for

moniËoring greenbug, to determíne greenbug flight periods, and to in-

vesÈigate the pattern of development of infestations on young wheat crops.
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MATERIALS AND },fETIIODS

A 12 ha fíeld at the National Plant Breedíng station, Njoro, Kenya

was seeded wiÈh the wheat variety Kenya Ngíri, on June B, 1982. AbouÈ

one rveek laËer, 18 yellow eraËer traps (cans 15 cm diameter and 5 cm deep)

were placed 30 u apart in three rows 30 m apart. Each trap was placed

on a sÈage 1 m above the ground and partly fiIled wl-th soap solution

(r""pot(R)) (Broadbent, l-948; Evans and Medler, l-966). Traps were

exanined every 2-3 days, and captured aphids taken to the laboratory for

ídentificatíon. Plants ln the s¡me field r¿ere searched, and sweep net

samples taken, Èo detertl-ne whether greenbugs vrere present ín the field.

Between AugusÈ 1983 and July 1985 stJ-cky Èraps were used to catch

flying greenbugs. I^Iire-supported polyethylene rectangles 10 x 15 cm lrere

covered on both sides wíth rangl"foot(R). At each trappíng heíght four

rectangles were held vertfcally radiating at 90o intervals from a central

pole. Trappíng heights were 1.5, 3.0, 4.5 and 6 m above the ground. The

stlcky surfaces could be raísed and lowered on the pole by a rope and

pu3-l-ey so that aphids could be removed. Four such trap assemblíes r¿ere

erected l-n the field, formÍng a square 200 x 200 n. Aphids were removed

from Ëhe traps three tÍmes a week. tr{eekly total catches for each flight

períod were subjected to analysís of variance Èo determl-ne rshether catch

was dependent on height.

In 1983, observations on the build up of greenbug populations v/ere

made in t¡+o fLelds. A 30 x 200 ur stríp of r¿heat, varíety Leopard, was

planted on June 27th. Five transects each across 100 ror^rs hrere marked

so that transects were 30 m apart. On each sanpling dat.e, 10 plants
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from each transect r,¡ere selected randomly and searched in sítu for

greenbugs.

The second field was planted on October 28th with six wheat entries

including local varieties (Kenya Fahari, Kenya Kíboko, Kenya Kifaru and

Africa Mayo), one plant introductíon (R306) and one 1oca1 breeder's line

(K7002-13). These were planted in a randomized complete block design

with four blocks each containing six plots 1.5 x 6 m. There vras no

adequate rain at the time of planting and overhead irrigation v,/as applled

on 29Èh October, one day after seeding, then on 4th, 1lÈh and lgth

November. Five plants taken randomly in each plot were searched in situ

for greenbugs each week.

Rainfall records were obtaÍned from the weather staLíon at the

NaÈional Plant Breeding Station, Njoro.
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RESIILTS

Yellow water traps attracted oËher aphíd specíes but not ,9. gz'øninz,an

(Table 1). Direct observations of the crop, and svreep net sampling in-

dicated that a large number of greenbugs had colonised the young plants

in the field.

The catches of greenbugs on sticky traps between August 1983 and

July 1985 are shor,¡n in Figure 1. There are tr,Io raínfall seasons in Kenya;

the "1ong rains" season (March Ëo May) and "short rains" seasorl (October

to December (Morris and Freeman, 1965). Three flight patËerns tTere

found to be influenced by the raíny seasons. Two flight perlods may be

distingufshed: 1. June-September, with a peak in July/August, and

2. October-February/March. There are no greenbugs flyíng betv¡een March

and May. A ltnear relaËíonship of catch with trapping heíghts was sig-

níficant for two perfods, AugusË-September 1983 and October 1983-March

1984, when catches decreased with lncreasíng traPping helght (Table 2).

A field adjacent to Èhe trapping fíeld was under an írrÍgated wheat crop

during the latter period and supported an infestation of greenbugs.

Thís nay have influenced the trap caÈches and contribuËed to the pro-

longed ftight activity (up to rnid March 1984) as compared to the same

period in 1984-85 when no greenbugs were caught after mid February

(Figure 1).

In the first field crop (Figure 2), the greenbug population increased

frorn July L2-28 and then declined to extínction by August 13. There were

heavy rains during the period of samplíng and thís may account for the

slow population gro!¡th and subsequent declíne.
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In Èhe second field crop (Figure 3), planted v¡ith six rvheat entries,

the population ofthe greenbugs increased gradually from the third week

of November to the fírst week of December. The number of greenbugs

dropped in uid-December and again in the fírst r^reek of January.
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DISCUSSTON

Yellor¡ water traps undoubtedly catch a r¡ide range of aphíd specíes

(Eastop, L957; Gonzalez and Rawlins, 1968), but there is no evidence that

S. gnøninwn is caught ln such traps. Yellow water traps did not attract

any greenbugs in thls study even r1l.¡ inrmigrants of this specíes had

landed on young wheat in the sane field. hrhere greenbugs have been re-

ported to be atËracted by yel-low ín the fie1d, stícky traps have been

used (Roach and Agee, L972; Harvey et al., L982). The effecÈs of at-

traction to colour and of impaction of flyíng greenbugs on the traps may

not be easíly differentlated ín such cases. Even where different colours

are provided for Lhe sticky traps (Roach and Agee, L972), indifference

to some.colours and avoidance of others can easily be urisínËerpreted as

attraction and lack of attractÍon respectively. The sticky traps used

in thÍs study were effective in catching flying greenbugs. Because traps

were almost transparent, it fs probable that greenbugs were lntercepted

by, rather than attracËed to them.

Aeríal denslties of lnsects are known to decrease r¿1th increasing

height (Johnson, 1969), but during the períods of greenbug flight, a

decrease in catch wíth increasÍng trappíng height was sígníficant only

for two flight perfods, August-September 1983 and October 1983-March

1984 (Tab1e 2). This may Índícate that for most of the times the green-

bugs caught on Èhese traPs are flying above the boundary layer. Aphids

are capable of f]-ights below boundary layer only in calm condiÈions

(Taylor and Palmer, L972).
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January to March is the dry season wíth sparse vegetation, and no

greenbugs r^7ere caught ín the following two months (April and May) . In

years of abundant rainfall (1983 and 1985) 55 greenbugs or more ltere

caught weekly in July or August, but in the dry year (1984) weekly

catches r/rere lo\.¡er Èhan five (Figure 1). This probably means Ëhat the

density of migrants in the June-September períod 1s dependent upon

populations building up to densities at which alatae are produced on

the available vegetatíon. In dry years there is little vegetation, and

perhaps rates of increase are reduced by poor host quality (Eastop,

1eB3).

htreaL crops planted from late May-June are likeIy to be at Èhe

vulnerable seedling stage should the greenbugs appear in June or Ju1y.

Harvey et al. (1982) recomended that early planting in spring be avoided

ín Kansas ín order to avoid having wheat or sorghum at the vulnerable

seedling stage when the early spring greenbug migrants reach Kansas.

In Kenya, as a result of this study, \¡re recornmend that late planting of

wheat around Njoro be avoided so that the crop can escape heavy greenbug

infestation at the seedling Stage. The ttlong rainst' season Starts at

the end of March or beginning of April and most of the planting is done

in April although planting may continue up to June. The Èime lag from

onset of rains to the first appearance of greenbugs is long enough for

an early planted crop (planted ín Apríl) to escape infestation in the

vulnerable seedling stage.

The greenbug of the first flight period infested Leopard wheat in

July 1983. Although Èhe ínfestation vüas low its tinr-ing sho\./s that short

term prediction may be possible from the flight Pattern. In one field

study of antixenosís of wheat to greenbug in 1985 (I,{anjama and Holliday,
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r986a) infestaÈíon was first notlced duríng the Ëhird week of Jul-y; the

thírd week aft,er the first greenbug catch on the sticky traps. The in-

festation in November/December 1983 could also have been predícÈed from

the trap catches. Greenbugs \'üere caught, though in low numbers, aÈ the

time of planting (third vreek of October). The build up of infestatíon

was slow aÈ first probably for the same reason that the írnmigrants landíng

on the crop were few. Therefore, although the Èrapping period was short,

there is evidence that trap data on greenbug catches can be used to

predict infestations.



84

Table 1. Mean (+ standard error) number of aphids per trap caught in
ye1low r^Iater traps weekly in 1982

Aphids June 10-17 June 17-24
June 24

-July I July 1-8

To tal

,9. gran¿nwn

4. BtO .66

0

3.8r0.57

0

1.5r0 .34

0

2.0!0.36

0
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Table 2. Mean greenbug catches per four rectangles during each
flight season

Period

Heieht (m)
Signíficance of

1.5 3.0 4.5 6.0 regression

August-Septernber 1983 1 I0 I 15 77 56 P<0 .05

?<0 .05

NS

OcEober 1983-I'larch
L9B4

July-Septenber 1984

October 1984-FebruarY
19 85

June-July 1985

20 18 15 11

2312

11 1I 12 11

14 16 13 15

NS

NS
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Figure 1. Total number of greenbug caught each week on sticky Èrap

(o---o) and uonthly raÍnfall (hisËograrn bars) at the

National- Plant Breeding Statíon, Njoro, Kenya. Trapping

took place from August 1983 - July 1985.
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Figure 2. Mean (t standard error) of greenbugs/plant (o---o) recorded

on wheat variety Leopard tn the ffeld ín 19g3, and the

raínfall (histograrn bars) for the week preceding each

saupling, recorded at Èhe National plant Breeding station,

Njoro, Kenya.
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Figure 3. Mean (t standard error) number of greenbugs counted on six

wheat entríes each week ln the field ín 1983 (o---o) and

rainfall (histogram bars) for the rveek preceding each

sampling.
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Variation Arnong Greenbugs From Different

Localities Ín Kenya

AsSTRACT

Wheat fíelds infested with greenbugs, Schizøphis gnaninum Rondaní

\tere sampled in 1983 and 1985; from each fíe1d a single parthenogenetic

female ¡¿as used to start a separate clone in a greenhouse culture.

Usíng seedlings of wheat, variety Kenya Kifaru, reproductive performance

and longevity of each clone \¡rere determined. Significant differences in

the capacity for íncrease (r") were found among greenbug clones that were

tested in 1983 (P<0.001); the intraclass correlation ín 1983 (the pro-

portion of variance whích was genetically determined) was tl = 0.59; wíth

90Z conf idence limits of 0.297 to 0.810. In 1985, there r¡/ere no signi-

fícant differences among clones in r" (P>0.10) and intraclass correlation

vr'as, rI = 0.065 !/ith 902 confídence limíts of 0 to 0.228. It is suggested

Èhat selection occurred duríng the droughË year of 1984 and that this

reduced heterogeneíÈy within the greenbug population. Heterogeneity of

clones night be increased by mutation or by the influence of migrants.
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La variaÈion parmi les pucerons verts des graminées

venant de différentes localités du Kenya

Re'sume'

Des áchantillons furent pris de champs de bld infesEds de pucerons

vert.s des graminées, schizaphis graminum(RondanÐ en 1983 et en 1985;

une seule femelle parthénogénécique fut utilisée Pour coumencer un

total de 16 clones de serres séparés. En utilisant des semis de blé

de la variété Kenya Kifaru, la performance reproductive et la longévité

de chaque clone ont pu être déterminées. Des différences significatives

dans 1a possibilité d'augmentation (r.) furent trouvées parmi les clones

des pucerons verts des graminées qui furenÈ mis à 1'épreuve en 1983

(p<0.001); Ia corrélaÈion interne en 1983 (1a proportion de contradic-

tion qui fut déterminée génétiquement) était rr=0.59; avec des limites

de confiance de 907., de 0.297 à 0.810. En 1985, iI n'y avait aucune

diffêrence significative parmi les clones en rc (P>0.10) et la corréla-

tion inÈerne était rl=0.065 avec des limites de confiance de 907" de 0 à

0.228. I1 y a raison de croire que Ia sélection a eu lieu pendant

I'année sèche de 1984 et que cela a réduit I'hétérogénéité parni Ia

populaEion des pucerons verts des graminées. L'hétérogénéité des clones

peuÈ être augmentée par la mutaEion ou par Itinfluence des migrateurs.
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INTRODUCTION

The greenbug, schizaphis gz,øninun (Rondaní), is belíeved ro undergo

contínuous parthenogenesis ín the tropics (EasÈop, 1983). rn the tem-

perate regions, where sexuales are known to occur, it was for a long time

thought that theír eggs never hatch (Washburn, l90B; Mayo and Starks,

L972; Purteka and Slosser, 1983). But ít has been reported that greenbug

eggs can overwinter and hatch ín spring (Níeuczyk and Power, L9B2). In

aphid species where sporadíc parthenogenesís occurs, ne\¡r genotypes are

produced each time sexual reproducEion takes place (Dlxon, 1985a, b).

Subsequent aphid populaÈíons are therefore comprl-sed of a number of

genetically different clones. In areas where continuous parthenogenesis

in aphlds occurs, appearance of new clones in the population ís through

genetic mutation (Blackman, 7979) .

An invasÍon of cereal crops by greenbugs sometímes results from long

dístance migratlon of wíndborne greenbugs (Kieckhefer et al., I974) .

Therefore new genotypes may be introduced to a habítat from other areas

where sexual reproducÈíon uay have taken pIace.

Varíabílity in greenbug populatíons ín Kenya has noÈ been in-

vestigated. Studfes r¿ere therefore undertaken to investigate whether

clones with dÍfferent characterístfcs are found vríËhin the greenbug

populatíon. The studies r¿ere conducted at the National Plant Breedíng

Station, Njoro, Kenya.



95

MATERIALS AND METTIODS

Greenbugs were collected from wheat fields around Njoro, Kenya

(o.tsos and 35.5oE, at 2,100 u a.s.l.) with a minimum distance of 5lcn

between any tvro fields. rn the greenhouse, greenbugs from each field

v¡ere separarely placed on caged potted plants (caged prlor to emergence

to avoid contaminatíon). One adult female was taken from each sample

to start a clone which was maintaíned on caged potted wheat seedltngs ín a

separate greenhouse.

hrheat seedlings were ral-sed in plant pots and were thinned to one/

pot at growth stage 12 (GS 12) (Zadoks eÈ al., L974; Tottman and Makepeace,

L979). Apterous adults were Ëaken from each clone and placed singly on

potted seedlings and left for 24 h to larvíposít and then removed. A1l

but one nymph l¡rere removed after 4 days, and the remainíng nymph observed

daily until it matured and started to reproduce. The offspring were

counted and removed every tt^/o or three days untíl reproduction stopped

or the reproducing female died.

In 1983, greenbugs rrere collected from l0 fíelds. One wheat variety,

Kenya Kl-faru, was used to test the 10 clones that were raised from the

10 field populations. At GS 12 each clone !üas introduced onto wheat

seedlfngs in four replicates.

rn 1985, six greenbug populations !/ere tested using Kenya Kifaru;

each clone was observed on nine seedlings. Tests with the síx clones

were also done using five other ¡vheat varieties, Kenya Kiboko, Kenya

Kima, Kenya Kulungu, Leopard and Kenya Paka.

The data for each year !¡ere used to construct ltfe tables using
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life schedules of índividual greenbugs, in order to portion the genetic

components of variation. Lenski and Service (1982) have shown that

est.imates of populatíon growth rate based on few cohorts of many in-

díviduals may be more biased than those based on life schedules of in-

dividuals making the cohort. The net reproductive raËe (Ro), mean

generatLon time (T") and capacity for increase (r") were then computed.

R =11 mo xx

where 1 isx

age specific

when 50% of

the proportion of live adults at

reproduction (Laughlin, 1965) .

the offspríng are produced, and

each sampling

The T is the
c

and m is thex

ãEe, in days,

r =1ogR/Tc "eo c

The values for Ro, T. and rc were subjected to analysis of variance

and the variation due to environmental and genetic components dífferen-

tiated by using Mode1 II analysis of variance (I^Iald, L940; Snedecor and

Cochran, 1980). The intraclass correlation coefficients (r1) were computed

for each parameter and 90% confidence líurlts deÈermined.
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RESULTS

The greenbug clones tested in 1983 showed significant differences

in r" but not in Ror T" or longevity (faUfe 1). The correlation was

positive and slgnifi'cant between Ro and r" (r = 0.88, I df P<0.05),

negative and significant beÈween T" and r" (r = -0.69, I df P<0.05) and

negative and nonsígnificant between Ro and T" (¡ = -0.39, B df P>0.05).

The nonsignifícant negative relationship of Ro and T" r"y explaln why

there are significant differences in r" and not in Ro or T": reducinB T"

and increasíng Ro both íncrease r" and vice versa. Longevity vras not

correlated with hígher r" (r = -0.17, 8 df P>0.05).

In 1985, there $/ere no significant differences ín any of the

parameter", Ro, Tc, rc or longevity, among Ehe síx greenbug clones that

were tested on Kenya Kifaru, (Table 2), nor in the respective parameters

for those greenbugs feeding on the other five varíetíes (AppendÍx 1).

In all Ëhese cases genetic conponents of variance were not significantly

greater Èhan those due Èo environment (withín clone) (Table 3). The 907"

confidence limits for r, for r" for greenbugs feeding on Kenya Kifaru

were 0.297 to 0.810 in 1983 and 0 to 0.228 ín 1985.
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DISCUSSION

The term clone, as used in aphÍd l-lterature, refers to the progeny

of a single parthenogenetic female (Eastop, 1973). The capacity for

increase, r^, varied sÍgnificantly for greenbug clones Ëested in 1983c

(fa¡te t). The inportance of r" j-n determinlng the rate of populaÈion

growth of greenbugs feedíng on different wheat varieties has been demon-

sËrated by wanjaura and Hollíday (1986a). The greenbugs resred in 1983

and 1985 originated from the same area and the lack of significant dif-

ferences anong clones 1n 1985 probably suggests that a homogeneous popu-

lation ínhabited the same area in the latter year. Results obtaíned wiËh

three greenbug clones Ln L982 (frorn trIanjama and Holliday, 1986a) also

showed no signifícanË dífferences, although they were collected from the

field in February (during the dry season) and tested in June and only

one clone origínated from Njoro. The 90% confídence linits for r, based

on r- for the 1983 and 1985 do not overlap, lndícating that the prob-c

ability that the r, of Èhe populatíons Ín the two years ís the same and ís

less than 0.10. rt is therefore apparent that greenbug populations ín

Kenya may be homogeneous in some years and heterogeneous ín other years.

A number of hypoEheses coul-d be advanced to explain the variatÍon

shown by these results. The first hypothesís is that dlfferences r¡rere

due to some statístical artifact that lead to the rejection or acceptance

of Ëhe nu1l hypothesís ín the earlier or later years respectively. Even

ín a populatlon that is expected to be horoogeneous, there is a chance

that some deviants r,rill occur and the mosÈ deviant of these may mislead
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one to believe that there Ís varÍat,íon (Sokal and Rohlf , 1981) . Hor,¡ever

the results for 1983 r¿ere significant at P<0.001 which indicates that the

probability of a type I error is very sma1l.

A second hypoÈhesís is that the dÍfferences may be atÈributed to

differences in experimental procedure followed ín the tr^¡o years. The

greenbugs were obtained from Ëhe fields in June and experiments run in

September/October during the two years. Observations were made separately

for individual greenbugs except there were four indivíduals for each

clone ín 1983 and 10 in 1985. The environmental components of variance

in 1983 and 1985 (0.00084 and 0.00077) were very similar (table 3) which

suggests that the dlfferences ín the results of Èhe two years were due

to genetl-c variation of the greenbugs.

The last hypothesís is that variatl-on fn the clones comprising

greenbug populaËíons does lndeed occur frou one year t.o another and thaL

the results obtained represent a real sítuaËion in regard to field green-

bug populations in Kenya and is more plausible. At the end of a growing

season, aphid mortality is very hígh (Dixon, 1985b) and for greenbugs the

dry season in Ëhe tropícs (January to March in Kenya) is passed in avail-

able patches of green vegeÈaÈion (Eastop, 1983) which may be assumed to

dirninish with increasing severiËy of drought. Therefore selection may

be more íntense Ín very dry years, for example 1984 (I{anjama and Ho11iday,

l-986b), wíÈh a consequence thaÈ greenbug populations are more homogeneous

in the followíng year (e.g. 1985, Table 2). There is no evidence thaÈ

sexual reproductlon ín aphids occurs in the tropics (Eastop, 1983) and

therefore reproduction is assumed to be through constant parthenogenesls.
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Under such conditfons a homogeneous population would be expected to

result, and if not, then other forces must be operative to brlng about

heterogeneíty. Blaclman (1979) suggested that heterogeneiËy fn aphíd

populations fn the tropfes could result from frequent geneÈÍc mutations.

,9. grøni:nun is also known to uigrate long dístances borne by wind

(Taylor and Palmer, L972) and this species has been reported in southern

Africa (Brown, L972) and in the Mediterranean Regíon (Hill, 1-975) .

Therefore wind-assisted mfgration from areas v¡here sexual reproduction

takes place cannot be ruled out. It ís therefore suggested that genetic

mutation and mígration íncrease geneËic heterogeneity of greenbugs 1n

Kenya, while selection during the dry seasons results ln populations that

are more homogeneous.



Table l. Variation of greenbug clones as shovm by mean net
rate (Ro), cohort generation time (Tc), capaclty
(rc) and longevity using Kenya Kifaru in 1983

101

reproduc tíve
for increase

Clone Ro T" (davs) rç/ day
Longevi ty

( days )

I

2

J

4

5

6

7

B

9

10

P

tr

907" confídence
li¡nits for r,

29.0

30.7

6s.3

69 .8

61.3

56 .0

70.3

66.3

76.5

97 .0

>0 .05

0 .034

0to
0 .6Bs

18.4

L7.3

19 .5

]-9.6

18.7

16 .8

17 .5

15 .9

15 .6

15.1

>0 .05

0

0. 185

0 .189

0.274

0.2I7

0 .218

0.2I9

0.222

0.228

0.278

0.310

<0 .05

0 .596

0.297 to
0 .810

36.s

46.0

34.s

39 .5

35 .8

26.0

18. 3

t8.B

29 .8

36 .3

>0.05

0.036



Table 2. VariaËion of greenbug clones as índicated
ductive rate (Ro), cohort generation time
longevíty using Kenya Kifaru in 1985

r02-

by mean net repro-
(Tc), r" and

Clone Ro Tc (days) rs/ ðay
Longevl ty

(days )

A

B

C

D

E

F

tr

90% confidence
linits for r,

65.2

68 .8

60.4

51.5

78.2

52 .4

0.039

0to
0 .165

17.6

18. 1

r6.0

L7 .4

17 .0

L5.7

0

0.230

0.237

0. 250

0.227

0.257

0.234

0 .065

0to
0.228

27 .4

32.0

31. 3

30.7

33.2

24.L

0

Means within each column are not significantly different (p>0.05).
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Table 3. Analysis of variance table showing Ëhe envíronmental and genetic
components of variance for the capacity for increase (r^) for
greenbug clones tested on Kenya Kifaru in 1983 and 1985'

Source df SS MS FP

Among clones 1983

Among clones 1985

9 0 .0486 0 .00540 4 .29 <0 . 10

5 0.0063 0.00126

LÌithin(environment) 1983 27 O.0227 0.00084 1.09 >0.10

I^Iithin (environment) 1985 48 0.0371 0.00077

Variance components:

Due ro generics 1983 (SÍ) 0.00124

Due ro generics 1985 (S?) 0.00005
A



Appendix 1.

ro4

Variatíon of greenbug clones as shown by mean net reproduc-
tive raËe (Re), cohort generation time (Tc), and capacity
for increase using five wheat varieties tn 1985

Clone Ro Tc (days) r./ day Longevi ty

å

B

C

D

E

F

tr

902 confidence
liuri ts f or r,

16.3

l-7.4

77.5

16 .0

17.2

16.1

0 .001

0.069 to
0.491

58.7

66.7

73.3

54 .0

7 2.5

61. 8

0 .054

0to
0 .393

.240

.238

.244

.237

.243

.247

28.4

31. 3

31 .6

29.3

32.L

27 .7

0 .003

0to
0.907

Means wiÈhin the same column are not significantly different.
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Paedogenesís and Alata Productíon by Alate

Greenbugs (HomoPtera : APhididae)

ABSTRACT

Tests on the occurrence of paedogenesl-s in greenbug, Schizaphis

gyøninum (Rondaní), \,rere done at 15, 21 and 25oC with alate and apterous

greenbugs. Reproduction in irnmature ínstars occurred only ín the fourth

instar and ranged from one to three nyruphs/reproducíng nFnph; repro-

ducing nymphs moulÈed to adults and contínued to reproduce' Among the

alatae the proportions of fourth instars that reproduced before the final

moult were o, 0.46 and 3.93% at :-.5, 2L and 25oc respectively, while among

the apterae no fourth instars reproduced at 15 and 21oC and 0'937" di.d

so at 250C.

I{hen apterae vrere crovrded as fourth lnstars and as adults, between

80 and 100% produced alaÈe offsprÍng. I^Ihen alate greenbugs !üere crowded

as fourth insËars and agaÍn soon after the last moult' L2% produced alate

offspríng. AIaËe greenbugs did not produce alate offspring when crowded

only as fourËh ínstars or as adults. It is suggested Ehat both paedo-

genesis and alate production by alatae may errhance the greenbugs abilify

to utilize ePhemeral resources '
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INTRODUCTTON

Paedogenesis is preeocíous reproduction ín the larval or pupal

stages (I^Iyatt, 1961) and ls assocíated with parthenogenesis (Dixon,

1985b). It occurs in the families Cecidonyiidae (I^lyatt, L96I, 1963)

and Chironomidae (Gillot, 1980) ín Diptera, Micromalthídae (Crowson,

1981) in Coleoptera and Aphidldae (Wood and Starks, 1975) in Homoptera.

In Aphididae, ovulatíon in embryos and l-ack of a haploíd phase in the

development of Ëhe gonad products have been consídered to fulfill con-

ditíons for paedogenesis (Uíchanco, 1924; Bodenheimer and Swirski, L957) .

However parturition in imnature stages in aphids has only been reported

anong alate fourth instars of ,9. graminum (Wood and Starks, 1975). In

Ëhe present studies the use of the Ëerm paedogenesis wí1l be linited

to parËurition Ín immature stages.

The productíon of alate offspring by alate aphíds ís not common and

has only been reported in Aphís enacciuora Koch (Johnson and Birks,

l-960). It was found not to occur ín Aphis fabae Scopolí (Shaw, 1970),

Myzus persieae (Sulzer) (Blackroan, L979) or Acyrthosiphmn pisun (Harris)

(MacKay, L977). Conversely apterous aphíds are easily stimulated to pro-

duce alate offspríng when crowded (Lees, 1966) with the highest per-

centage of alatae being produced wíthin the first 2 days after the

cror,rding stimulus (MacKay, L977) .

Paedogenetic reproductíon and production of al-ate offspring by

alate adult greenbugs ¡vere observed in a greenhouse at Njoro, Kenya.

This vrork was started to determlne whether paedogenesis occurs in both

alate and apterous greenbugs and whether ít 1s influenced by tenperature,

and to investigate the effects of crowding a1aËe adults on production of

alate offspring.
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MATERIA,LS AND METHODS

A greenbug clone originatíng from a wheat field near Njoro in 1982,

and mainËained on seedlÍng wheat in a greenhouse culture thereafter, was

used in all the tests, which were conducted in 1985. To prevent con-

tamination of experimental greenbugs wíth stray ones, experíments were

carried out on greenbugs confined to petri dishes in controlled environ-

mental chambers. Each petri dish contained a 6 cm long porËion of a wheat

leaf; thÍs leaf section was kept fresh by inserting its base into a heap

of moíst sand at the periphery of the dish. Apical portions of the

leaves vrere not used because they deteríorated rapidly. Leaf sections

were replaced every four days.

Experiments on paedogenesis !¡ere carried out in controlled environ-

menÈ chambers at L2:I2 L:D and at temperatures of 15, 2I or 25oC. Adult

greenbugs were placed indivídually in petri dishes, r¿ith leaf sectlons, to

larviposit and then removed after 24 h. After 4 days one nymph from

each dish \^ras transferred Èo a fresh leaf sectíon in a new petri dísh;

the remaining nymphs were discarded. Each nymph was observed daí1y until

íÈ started to reproduce. IË r¿as then examined to determíne whether it

had uatured by observíng the shape of the cauda (and size of wings in

case of alatae). Occurrence of a fourth molt after reproductíon further

confirmed paedogenetic individuals.

To determine the effects of crowding on the reproduction of alate

offspring by alate greenbugs, 25 indivíduals, of efther fourth instar or

adult greenbugs, r^rere placed in a plastic vial (4x1 cn) for I h at 25oC

and 12:12 L:D. The cro¡¿ded greenbugs r,rere then transferred síngly to
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leaf sections in petrí dishes, and removed after 15 h and Èhe nymphs they

produced were reduced to one/dish as described for the paedogenesis

experiment. I^Ihen fourth instar nymphs \,rere crowded, they vrere Ëransferred

and left to mature; the resultíng adults v¡ere either allov¡ed to remain on

the leaf sections and reproduce or were subjected Ëo crowding for a

second time and transferred to fresh leaf sections for 15 h. Nymphs were

reduced to one per dish as before. The remalning nynphs were observed

for development of wÍngs.
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RESI]LTS

All greenbugs that reproduced ¡^¡hile ín the fourth instar continued

development to beeome adults. The number of nymphs produced by fourth

ínstar mothers varied from one to three. Incidence of paedogenesls vras

sígnificantly different (X2 = 4.37, df = 1, P<0.05) betr¿een alarae and

apterae at- 25oC but not at lower temperatures: at 25oC, a higher per-

centage of alatae Ëhan of apterae reproduced paedogenetically (Table 1).

Among the alatae, Èhere were sÍgnificant tenperature effeet" (X2 = 13.76,

df = 2, P<0.05) on the number of fourth instar greenbugs that produced

nymphs, wíth more reproducl-ng fourth ínstars being observed at 25oC than

at lower temperatures. Paedogenesis among apterous greenbugs was only

observed aE 25oC.

Apterous greenbugs, when crowded for B h at 25oC, respontled by pro-

ducing alate offspring (Table 2). Twelve percent of alate greenbugs

from crowded colonies in Lhe greenhouse culture produced al-ate offspring

wlLhout further crowding. Alatae produced alaÈe offspring ín response

to crowding, but only when cror¿ded as fourth ínstars and again soon

after the final moulÈ (fa¡te Z). Intermedíates (adults with very shorË

wings) were observed among the offspring of the individuals that re-

ceived the double crowding stimulus and apterae crowded as fourth insËars

(Table 2).
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DISCUSSION

Paedogenesis ín greenbugs occurs among the alatae and also, though

to a lesser extent, among apterae (Table 1). Paedogenesis as used here

refers to parturítion in nymphal instars, as opposed to the definition

of Uichanco (1924) and Bodenheimer and Swírski (1957). In a greenhouse,

Wood and Starks (1975) found that 1.8% of alate greenbugs reproduced

while in the fourth instar.

Temperature \^¡as found to influence the incidence of paedogenesis

in alate fourth instars; the highest percentage, 3.93"/., r^/as obtained at

25oC (Table 1). The percentage of apterae that reproduced in the fourth

instar was 1ow, while no paedogenesis in apterous fourth instars was

observed at 15 or zIoC. The lower íncidence of paedogenesis in apterae

may explain l,lood ãnd Starks t (1975 ) failure Eo observe its occurrence.

Srnall changes in time to first reproduction results in large changes

in the inÈrinsíc rate of Íncrease of a population (Lewontin, 1970; Wyatt

and i^Ihite, 1977). The capacity to reproduce early in an aphidrs life is

enhanced by parthenogenesis (C1ark, I973). An adaptation by individuals

reproducing by parthenogenesis to reproduce paedogenetically would

pernit Lhem to reproduce even earlier. Although 5. graminum L'as

not wídely adapted to paedogenetic reproduction, the history of this

phenomenon is not understood and may well be a recent one. But ' even

now, the low percentage that reproduce paedogenetically may constituÈe

an enormous number of greenbugs when the whole field population is con-

sídered (l,lood and Starks, 1975) and may make a big dif ference to the rate

at vrhich that population grov/s. Greenbugs infest seedlÍng wheat (Starks
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et al., lg75) and in order to exploít such a transient crop stage' ânY

adaptatÍon for a rapid rate of population increase r¿ou1d be an added

advantage.

The crowding period of I h (MacKay , Ig77) at 25oC provides enough

sÈimulus for greenbugs to produce alate offspríng. The production of

alate offspríng by alate greenbugs and the high percentage of apterae

that produce alaLe offspring after crowding is probably an indication of

a hígh sensitivity of the species to a crol^rding stimulus' Tt ls apParent

from these results that for alate greenbugs to resPond to crowding and

produce alate offspring, they must be in crowded colonies in irmature

(fourth) instars and as teneral adults. The factors that resulted ín the

occurrence of intermediates vlere not understood'

A constant decline of alate greenbugs, in a fíeld population nay

resulr from emigratíon (sumy and Gilstrap, 1983). The migratory

tendencies of aphids (A. pisun) can be measured in terms of the pro-

portion of a population that develops into alatae (Lamb and MacKay,

LgTg). The increased capacity to produce al-ate offspríng by alate

greenbugs may be vier¿ed as an increase ín mígratory effíciency of the

species Ëhat nighË allow Ít to escaPe from deterioraËing habiËats '
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Table 1. Effects of temperature on reproduction by alate and apterous
fourth instar greenbugs

Mean number Non-
Reproducíng of young/ reproducíng %

Temp. 4th ínstars nymph 4th instars Paedogenesís

Alatae

Apterae

25oc 13

2toc I

15oc o

2.L

2.0

2.0

3r-B

2t8

195

3.93

0.46

0

0.93

0

0

25o c

2roc

15oc

214

31

5

2

0

0
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Table 2. Effects of crowding on the production of alate offspring

Morph
Cror¡ded
ins tar

Nurnber of Number
crowded producing % Producing

individuals alatae alatae

Ap terae

Ala tae

Adults

4th instar

4th instar *
adul ts

Adults

4th instars

4th instars *
adults

100

80

50

25

25 96

0

0

l2

0

0

100

50

50

50

20 (2) x

24 (I) x

6(2)*

*The number of individuals shown in brackets produced intermediates;
not included in the number reproducing alatae (20,24 and 6).
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Tolerance of six cereal crops to ínfestation

of seedlings by Schizaphis grøninznn

(HoEop tera : Aphidídae)

ABSTRJ.CT

Síx cereal crops, bread wheat, durum wheat, sorghum, barley, oats

and triticale, \,¡ere tested for resístance to greenbug, Schizaphis

gr'øninum (Rondani). The r¿heat and sorghum varíeties, Kenya Kífaru and

BJ28 respectively, were found to be more sensitíve to greenbug attack

while the other crop varieties were tolerant.
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INTRODUCTION

There are cultívars of several crop species that are resístant to

greenbug, Schizøphis gz,antinum (Rondani), e.g. some wheat selections

(Starks and Merkle, 1977), sorghum (Schuster and Starks, 1973), oats

(I^Iilson et a1., 1978) and triticale (Wood et al. , 1974). In most of

these exauples all the three mechanisms of reslstance (antibiosís,

t.olerance and antixenosís) have been found to operaÈe in the same

cultivar. However Gaucho Ëriticale is not resístant by antixenosis

but antibiosis and tolerance províde it with adequate resistance to

greenbug (tr^Iood eÈ al. , L974).

Low level resistance nay be sufficíent to prevent losses (Starks

and Merkle, Ig77) but only cultivars with high resistance are useful

ín a breeding programme (I^lebster and Inayatullah, 1984). Such resíst-

ant crop cultivars may be useful as a source of resistance for develop-

íng new resístant varieties of the same crop or for interspecifíc

crosses using appropríate technology. For example Sebesta and l'iood

(1978) transferred greenbug resistance from rye to wheat using X-rays.

Occurrence of resistance of cereal crops grol¡rn in Kenya to greenbug is

not understood and this paper is a report on preliminary studies on

tolerance resistance to greenbug of six cereal crop varieties tested

at the National Plant Breeding Station, Njoro, Kenya.
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MATERIALS AND METHODS

The six cereal crop varieties tested vlere: Kenya Kifaru - bread

!¡heat, Ttiticusn a.estilwn L.; Kenya Njiwa - durum r+heat, Tz'Lticum

tuz,gidun L. var durum; BJ28 - sorghum, sorghun bicoLor L.; Proctor -

barley, Hord.eum uuLgaz,e L.; suregraín - oats, Aqena satíua L. and T65 -

triticale, Tritícale. The experiment was conducted ín a greenhouse

usíng Ëhe three greenbug clones and the procedure described by I'Ianjarna

and Holliday (1986). PotÈed seedlings' one seedling/pot' \'lere cagecl at

emergence using nylon netting supported on a frame. Two apterous adult

greenbugs of the same clone vlere introduced onto four seedlings of each

crop specíes and Ëhe toÈal number of aphíds on each seedlíng counted

after 10 days. The greenbugs were allowed a total feeding period of L4

days and then killed using malathion 6.25 g a.i./9-, and the seedling

height to Ëhe tip of longest leaf was measured. The plants were allowed

to nature and the grain yield determined. The grain was dried to constant

weíghr.

The seedling height and yíeld of infested plants were adjusted for

greenbug numbers by analysis of covariance and subjected to analysis of

variance. There vlere no sígnificant differences between the three clones

and the data for the three clones were pooled for each crop variety and

tested usíng one úray analysis of variance. The means of infested plants

and respective conËrol plants were tested for significant differences

by using one tailed t-ÈesÈs of conÈrasts (sokal and Rohlf, 1981).
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RESULTS

Reduction in seedling height as a result of greenbug ínfestation

was significant for oats (Table 1). signifícant reductions in yield

occurred only in the wheat variety Kenya Kífaru and sorghum variety

BJ2B. 0ats which has shov¡n significant reductions in seedling height

yielded (non-signifícantly) more than did oaËs r+hj-ch had not been in-

fes Èed.

The number of greenbug on the different varietíes after 10 days

vras highest on triticale followed by barley and lowest for sorghum

and bread wheat but the differences v/ere not significant.
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DISCUSSION

ComparÍson of seedlíng heíght of lnfested and control plants was

considered a good measure of tolerance to greenbug in sorghum (Schuster

and starks, 1973) buË not in wheat (wanjana and Holliday" 1986). rt

did not seeu to be an appropriate aeasure of tolerance in oaÈs 1n this

Ëest because the oats variety had significant heíght reductíon, but the

mean grain yield for the infested plants hras greater than that of Ëhe

control plants, probably due to recovery by attacked plants. Grain yield

was therefore the criterion used in deternining tolerance ín thls Èest.

Greenbugs on bread r¿heat and sorghum had the lowest rate of population

increase though noË sígnifícantly dífferent from the others, but these

two crops suffered signifícant yield loss. Kenya Kifaru does not exhibit

antibíosis (I,Ianjama and Holliday, 1986) and iË is therefore apparent that

a1l the six varíetÍes do not possess resisÈance by antibiosis.

wheat resistance to greenbug is rot con¡mon (Harvey et a1., l9B0)

and the wheaÈ variety used in Èhis test (Kenya Kifaru) has also been

shown to be susceptible (Wanjama and Holliday, 1986). This Ëest confirms

the susceptibility of Kenya Kifaru to greenbug attack. The sorghum

variety BJ2B is also susceptíble whíle the oËher crop varíetÍes are

tolerant. ReporÈs on resistance Ëo greenbug seem to indicate Ëhat ít is

more frequent in other cereal crops¡ €.g. sorghum (schuster and starks,

1973), oats (l^Jílson et al., 1978), barley (I^iebster and starks, l-984) and

triticale (.I,IooA et a1., L974) than in wheat (Harvey et al., 1980). A1-

Ëhough Èhe results of this test appear to be in agreement with previous

rePorts, more varieËies of each of these crops will need Èo be evaluated

in fuËure r.¡ork to verify this resistance.

.;
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CHAPTER IV

GENERAL DISCUSSION

Heretofore líterature on various aspects of greenbug population in

Kenya has been scanty despite Èhe seriousness of this pest on cereal

crops (Harder, L974; trlanjama, 1979). The extent of the varlatíon r¿iËhin

the greenbug populations is not clear although it has been suggested that

aphids ín the tropics undergo constanË parÈhenogenesís (Dixon, 1985b) '

wíÈh genetic xnutation the only meehanísm promoting heterogeneity (Blackman,

L979). From this work, Ëhe greenbug population occurring in Kenya m¡y be

homogeneous in some years and heterogeneous ín oLhers. There ís no evi-

dence that sexual reproduction takes place, but besides genetic mutation,

it may be that migration from other areas ¡¡here sexual reproduetion takes

place may also play a part in brínging about heËerogeneíty. Kenya lies

on the equator and the trade winds blowing Èor¿ards opposite hemispheres

(Pedgley, 1982) could probably carry greenbugs from southern Africa where

greenbug ís knovm to occur (Brown, L972). Possibly, migranËs could also

reach Kenya from the north where greenbug occurs ín the Mediterranean

region (Ilharco et al., 1982). Long distance rnigration of greenbug,

over several thousand kilorneters, has been reported (Taylor and Palmer,

L972) and it is therefore líke1y that greenbugs in Kenya are noÈ entirely

a resídent population.

The movement of greenbug ln Kenya starts wíÈh a flíght period in

June which occurs when some wheat crops are stl-ll in the early seedllng

sÈage ¡,rhich is the most susceptible sEage (Starks et al., 1975). Be-

cause of the small size of greenbugs they are not easí1y seen as Èhey f1y
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and land on the crop and almost invariably, the farmers deÈect greenbug

ínvasÍon through vistble damage, sometimes too late for economical con-

trol (tr^Ianjama, 1979). The use of sticky traps provides an effective

method of detecting the arrival of greenbugs, allowing adequate time for

1oca1 monitoring of infestations. T\¿o levels of monítoring are suggested;

one at strategic places, for example research stations, and another at

the farrn level. At the former level, forecasts based on greenbug catches

should be sent to local agrfcultural offíces and farmers so thaÈ fíeld

monitoríng at the latter level is ltensified when an outbreak ís ímmínent.

Although Èhe results on flighÈ periodícity of greenbug have shov¡n

that greenbug uovements sÈart r+hen an early planted crop is Iikely to have

passed the vulnerable stage, there are factors that favour rapid growth

of their population. The occurrence of parthenogenesís minímízes the

tíme 1ost, on landíng on the crop, ln search of a mate (clark, 1973).

The incldence of paedogenesis may allow a proportíon of the populatlon

to reproduce early and influence Èhe rate of populatíon increase. Green-

bugs feeding on susceptible cultívars also have a high raÈe of increase

r¿hi1e the production of alate offspríng by alate greenbugs may íncrease

the dlspersal abillty of this specíes. Therefore a sudden population

explosíon is llkely to occur and devastate available crop still in the

seedling sÈage at the time of infestation. Besides enhancing the viru-

lence on the crop, these adaptatíons may contribute to the success of

the greenbug ín escapJ-ng from a habitat that ís rapidly deteriorating

due to the feedíng and toxíc salíva ejected r^rhile feeding (Pfadt, 1978).

Development of wheat resl-stanË to greenbug in Kenya could not have

been possible fn a sítuation so deficient of necessary ínformatíon
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regarding the Ëarget pest. Among the entries that were screened' sone

were found to rank high in reslstance by one mechanísm or another. This

probably indicates that the different resistance mechanisms (antibíosis,

tolerance and antixenosis) are controlled by different genes (Horber,

19BO). Ttre resistance found among the entries that were screened is not

a result of deliberate breeding for resistance and it is, therefore, not

known which of the parents used ín the crosses carried the genes for

greenbug resistance. Kenya Fahari ranked hÍgh in resisËance by dif*

ferent mechanisms but the source of this resistance is sti11 unknown.

However this varíety is nov¡ available for use in developíng future green-

bug-resistant varieties.

Although most of the screening work was carried out ín the green-

house, Starks and Burton (L977) reported that resistance to greenbug

detected under greenhouse conditíons also operates under field conditions.



a)

130

FUTURE I^IORK

Integrated Pest Management

ThelongtermgoalforthegreenbugsÈudiesínKenyaistoestablish

an integrated pest control progranme'

Thesestudiesprovídesomebasícl-nformationconcerningthegreen-

bugandtogetherwithotherfactorsintheenvironmentmaybeusedas

the first step Ëo\,rards an integrated pest nanagement (IPM) prograÛme'

TheprograrnrnewillÈhenbeimprovedasmoreinformationbecomesavaíl-

able from experimenÈal work. For a start a simple stepwise progranfne

may be adoPted:

STEP I

Avoídplantingthatsynchronizesthesusceptibleseedlingstagewith

theexpectedtimeofgreenbuginvasion.I^IheatplantedinlateMayand

in June would be at a vulnerable stage when the first flight period of

greenbugsStartinJuneorearlyJuly.I^IheatplantedinAprilwillbe

less suscePtible.

STEP II

Useresistantvarietíes.KenyaFahariandAfrícaMayoarethebest

butothervarietiesÈhatshowreslst'ancebyoneofthemechanismsare

preferredtoËhesusceptib]-eones.Lowlevelresistanceiseffectivein

anintegratedprografltrtre(AdkissonandDyck,lg80)inmaintainingpest

populationsatlowleve]-Sthatmaynotrequirecontrolwithanínsecti-

cíde.
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STEP TII

Establish a greenbug monitoring prograrule. Two levels have been sug-

gested, one at strategic points, e.g. research staEions, to facíliÈate

greenbug forecasting and the other at farm level, for local fíeld

monitoring. This will require a well defined coumunication system so

that information reaches local agricultural offices and farmers without

much time vrastage.

STEP IV

Use selective ínsectíci.des.

natural enemies but are effective

If Steps I-III are followed then

cídences of high infestatíon only

v¿il1 therefore be avoided.

Select insectícídes that spare the

against greenbugs and other aphids.

insecticíde use will be límited to in-

and unnecessary use of insecticÍdes

b) Experimental Work

1. Development of resistant varieties.

Thís will be the first effort

sÍstant to greenbug in Kenya. It

because selecEions that have been

greenbug resistance were not found

lines which had not been selected

Cooperative efforts between plant

necessary.

to develop varieties thaÈ are re-

ís desirable that thís is done 1oca11y

developed in the United SÈates for

to be superior to 1oca1ly available

on the basis of resistance to greenbug.

breeders and entomologists r¿ill be
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) Determination of natural enemies.

In order for an f-nËegrated pest management (IPM) programrne to be

effective a knowledge of the natural enemies that help to check the popu-

lation growth of greenbug is needed. An understanding of the life cycle

of the natural enemies will provide guídance ín determining the right

time to apply an ínsecticíde to control greenbugs.

3. Establishment of economic injury 1eve1s.

In order Èo justify the use of insecticides in controllíng greenbug

infestaËions, ít ís desirable to establish the leve1 of infestaËion that

results in economic crop losses. This will assíst in establíshing the

economic thresholds at ¡¿hich control measure should be applied and will

therefore be a useful tool ín the proposed IPM programure.
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