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ABSTRACT

In 1989 and 1990, cv. Russet Burbank potato plants were grown in

cages in field plots, and densities of potato fiea beet'les, Epitrix

cucuneri s (Harri s) , and Col orado potato beetl es, lept i notarsa decenl i neata

(Say) , ,,!,ere i ntroduced 'in di fferent mul t j pì es of natural'ly occurring f i eld

densitjes. Colorado potato beetles were introduced only in the earìy part

of the growìng season, but potato flea beetles were'introduced for the

duration of the season. Numbers of feeding punctures per leaflet were

counted in the'lower, middle, upper and upper non-terminal strata of

plants. The yjeld of tubers was weighed, graded and examined for common

scab, Streptonyces scaôies (Thaxter).

tl'ithout ear'ly season injury by Colorado potato beetle, plants had no

yie'ld loss up to 290 flea beetles per plant; above this dens'ity, yield was

ìnverse'ly proport'ional to flea beetle dens'ity. The level of economic

damage for these plants ranged between 0.43-1.87Y", equivalent to a peak

density of 300-335 flea beetìes per pìant. For plants whjch had sustained

early season Colorado potato beetle jniury, yjeld loss vras linear and

jnversely proportjonal to flea beetìe density over the entire response.

For these plants, the level of economic damage ranged between 0.40-1.88%,

equ'ivaìent to a peak density of only 4-19 potato flea beetles per pìant.
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Behav'ioral model s were used to descri be the spat'i a'l and temporal

switchjng pattern of flea beetle feeding. Beetles changed the'ir preferred

s'ite of feedì ng from I ower parts of the pì ant to upper reg'ions as the

growìng season progressed. High densities of flea beetles had an

inhib'itory effect on the amount of defoliatjon caused perindjvjduaì, and

this may alter the pattern of feeding preference by causing beetles to

dìsperse more evenìy throughout the pìant. A population model was also

derì ved wh j ch establ i shed a rel at'ionshi p between feed'ing punctures per

leaflet and average potato flea beetle weeks. This relatjonship enables

the estimatjon of flea beetle numbers per plant, but ìs very sensitive to

the accuracy of feeding puncture counts.

a positive correlation between number of feeding punctures and numbers of

jmmature potato flea beetles. The absence of scab disease suggests that

its incidence is less affected by flea beetle dens'itjes, than by abjotic

Very few tubers exh'ibited signs of common scab djsease, but there was

factors such as soil moisture, and varjetal differences in susceptibiljty.

A pre'liminary examination of feed'ing by llelanoplus bivittatus (Say)

and llel anopl us sangui ni pes ( Fabric'i us ) on potato p'l ants showed no

sign'ificant y'ie'ld response to occur at vary'ing densities of these spec'ies.
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CHAPTER I

I}ITRODUCTIOI{

The potato plant, Solanun tuberosun L., is one of about 2,000 species

'in the famìly So'lanaceae. There are 160 wild and 20 cultivated specìes of

tuber-bearìng Solanaceae, all of New }lorld origin (Burton i989). Such

plants as tomato, tobacco, eggp'lant, pepper, bittersweet, horse nett'le,

ground cherry and petunìa are aìso placed in thjs fam'iìy. The closest

wild relative of 5. tuberosun is Solanun andigenun Juz. & Buk., whjch is

ìndigenous to the Andes Hountajns (Thornton and Sieczka 1980). There are

over 170 different cultìvars of 5. tuberosun available in North America.

The most wìde'ly grown, Russet Burbank, is a late maturjng variety which

requires a 140-150 day grow'ing season. Average yieìd for Russet Burbank

js 18-27 t/ha in l.lanitoba (8. Geisal , pers. comm.), but may exceed 65 t/ha

ìn the Canadian Marit'imes (Campbell et al. I984). Plants of this cultivar

have 'long leaflets, wh jte blossoms and v'igorous growth. The 'large

cylindrical tubers are characterized by having shaìlorr eyes, whìte flesh

and russetted skin. The variety js resjstant to common scab, but js

susceptible to Fusarium wiìt, Vert'icilljum wilt, leafroll and virus Y

(Campbell et al. 1984). Russet Burbank pìants requìre uniform soiì

moisture and nitrogen, otherw'ise knobby tubers result.

The economic importance of potatoes to Canada is great. Agriculture

Canada (1990) statistics indicate that gross revenue pa'id to potato

producers was over 400 million dollars in 1990. Manjtoba is a ìeading

potato grower, having over 19,000 ha of land sown jn 1990; this area of

potatoes was exceeded on'ly in New Brunswick and Prince Edward Island.
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Manitoba stands fifth in total production, with 352,000 t of potatoes

being grown in 1990, equìvalent Io 12% of all Canadian production.

The potato flea beetle, Epitrix cucuneris (Harrìs) is an important

pest of potatoes. Unlike the tuber flea beetle, Epitrix tuberis Gentner

(Gentner 1944) , j njury to tubers by the subterranean I arvae of E.

cucumeris js rare. Adult potato flea beetles 'injure plants by chewing

small round holes in leaflets. The tìming of such defoliatìon is
'important because, if it occurs during the tuber bulking phase of plant

growth, yjeld may be considerabìy compromised (Cranshaw and Radcljffe

1980; Shields and tlyman 1984). In Prince Edward Island, s'ignif icant yìeld

losses due to this pest have been documented in several djfferent potato

cult'ivars (Thompson 1984, 1985, 1987). In ltlanitoba, 'insecticides are

appìied when hìgh densities of the insect are present ìn late summer

(Senanayake 1987), but little is known about what levels are actual'ly

economically'injurìous to the crop.

The Col orado potato beetl e, Lepti notarsa decenl i neata (Say)

originated in Hexico, where it fed on natjve host pìants such as

buffalobur, Solanun rostratun Dunal (Neck 1983). Solanun tuóerosum was

included jn its host range about 150 years âgo, and late in the lgth

century it was first reported to be a pest of potatoes (Edgerton 1861,

cited by Casagrande 1987). The pest rapidly became the most destructive

insect pest of potatoes in North America (Hare 1990). Durjng tlorìd llar I

Colorado potato beetle t'tas inadvertently jntroduced into western Europe,

where 'it is now well establjshed, except in the British Isìes. It

cont'inues to extend 'its geographic range southward and eastward throughout
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Europe and Asia (Hurst 1975).

Popu'l at i ons of I arval and adul t Col orado potato beetl es , i f
uncontrolled, can easììy complete'ly defoliate field crops of potatoes in

Manitoba (Senanayake 1987). If pìants are attacked during specìfìc stages

i n the growth cycl e, y'ie'ld may be totaì ìy I ost (Hare 1980) . Col orado

potato beetle was one of the first targets of ìarge-scale insecticide use

jn fjeld crops (Hare 1990). The insect is still adapt'ing to new

geographic areas (Hsiao 1978), and resjstance to a w'ide range of

insectjcides has developed in some populations (Forgash l98l). As a

consequence of effectjve jnsecticidal control earl ier th'is century,

research on ecolog'ica1 relationships between thjs pest and environmental

factors, host pì ants and natural enemi es was reduced (Hare 1990) .

Recent'ly, much emphas i s has been pl aced on the need to 'imp1 ement

integrated pest management strategies to control Colorado potato beetle,

as the pestìc'ide race appears to be a losing battle.

The causal organi sm of common scab dj sease of potatoes i s

Streptonyces scaôies (Thaxter) ldaksman & Henrjc'i (syn. Actinonyces scaóies

(Thaxter) Gussow). This is a widespread soilborne d'isease that can infect

fleshy roots and underground stems of severaì crops and weeds (Rich 1983).

Common scab produces no above ground symptoms on potato crops, and has

ljttle or no effect on yield, but has a tremendous effect on the

marketabiljty of the crop. Common scab occurs in Africa, Asia, Australia,

Europe and North and South America (Rich 1983).

Tubers infected with common scab have brown, roughened, irregularly

shaped areas that may be raised or sunken and can cover the entire surface
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of the tuber. The type and severity of symptoms exhjbited in this disease

are influenced by the strain of the organism and the variety of potato

affected (Hooker 1981). I'tost scab damage on potato tubers can be removed

during processìng, but market value of table stock'is severely djminished.

Very little published information is avajlable concerning E.

cucuneris. Aìthough this insect is a potent'ial source of yield reductìon

'in commercial potato production, very little work has been done to

determine what levels of this insect are economically injurious, or how it
jnteracts w'ith other potato pests. The obiectives of this study were:

1 . To estimate an econom'ic 'iniury I evel for E. cucuneri s on cv.
Russet Burbank potatoes and examine how such an iniury level
is affected by ear'ly season defoliatjon by t. decenlineata.

2. To examine the spatìal and tempora'l patterns of accumulation of
feeding punctures by potato flea beetle on cv. Russet Burbank
potatoes, and determine if feeding punctures can be used as an
index of actual population numbers of this jnsect.

3. To determìne whether the density of potato flea beetìes per pìant
has an effect on the incidence or severity of common scab on cv.
Russet Burbank tubers.

A fourth objective was addressed during the summer of 1990, which was

not part of the main object'ives of this thesis. During that tjme, a

surp'l us of caged potato pl ants and the presence of I arge numbers of

grasshoppers prompted a study to be undertaken with little prepìann'ing.

The objective of this study was to determine whether the grasshoppers

Melanoplus bivittatus (Say) and llelanoplus sanguinipes (Fabricius) feed on

potato plants, and if so, whether any re'lationshìp exìsts between pest

density and yield.

Thìs thesis is wrjtten in a paper styìe. Chapter II is a revjew of

pertinent literature. The methods of research, results and discussion are
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presented ìn Chapter III as three papers and a scientific note, written ìn

a form suitable for publication. Part I of Chapter III wìll be combined

with data from Senanayake (1987) for preparation of a manuscript to be

subm'itted to the Journal of Econom'ic Entomology. Part 2 of Chapter III
w'ill be submitted to the same journa'l . Chapter IV contains an overall

discussion of the research in th'is thesis.
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CHAPTER II
LITERATURE REVIE}I

The Potato Pl ant

I'lorohol oqy

A thorough description of the morphology and vasculature of the

potato plant is given by Artschwager (1918) and McCauley and Evert (1988).

The morphology of the basal leaves of the main potato shoot'is variab'le,

ranging from simpìe to pinnate compound in amangement. The upper leaves

are generalìy more uniform; they are odd pinnate with three major pairs of

lateral leaflets and a number of folioles. The primary vascular system of

th'is dicotyìedonous p'lant consists of three ìarge and three small bundles.

The three large bundles are highly jnterconnected through a repeated

series of branchìngs and arch-producing mergers. Each of the small

bundles ìn the stem is a median leaf trace which extends three internodes

before diverg'ing into a leaf. Potato leaflet margins are lined toward the

abaxial side by short, simple tooth-like trjchomes. In additjon to

marginal trichomes, two other types of trjchomes are found on leaves:

gìanduìar hajrs with knob-like secretary swe'l'lings at the tips of short,

uniserate stalks; and s'imp'le uniserate, muìtjcelluìar hairs of vary'ing

lengths. Trìchomes occur on both s'ides of leaflets, although many more

are on the abaxial sjde. Adaxjal trichomes are found mainìy on the ribs,

whereas abaxial trìchomes occur on the ribs and scattered across the ìeaf

surface.

Ivins and l'lilthorpe (1963) and Thornton and Sieczka (1980) prov'ide a

complete description of tuber structure. Potato tubers are simpìy
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enlarged portions of underground stems called stolons or rhizomes. The

stolons cìoseìy resemble the above ground stems'in hav'ing leaf scales

located alternately on their surface. Tubers oniginate from stolon tips

or aìong the stolon itself, and have characteristics of normal stems

includ'ing dormant true buds (eyes) and leaf scars (eyebrows). Lenticels

are conspjcuous on most tubers and are sim'ilar to stem pores which allow

air penetration deep into the stem interjor. The sjngle'layer of cells on

the surface of a potato tuber is called the epidermis. The red and blue

p'igment of some potato skins, anthocyanin, js often located in the

periderm, whjch consjsts of several 'layers of corky cells jmmediately

below the ep'idermìs. The skin of a mature tuberis comprìsed of the

hardened, corky periderm after the ep'idermis has been sloughed off. In a

few vanieties, the anthocyanin js located in the outer layers of the

cortex, the region jns'ide the perìderm that extends inward'ly to the

vascular rìng. The fleshy portion of the tuber js called the medullary

area and is divided into outer and inner regions. The outer medulla js

relatjvely dense, whìle the 'inner medulla is watery and translucent. The

jnner medulia extends towards each êyê, so formìng a continuous tissue

network among aìì eyes of the tuber.

Buds are located on the exterjor of a potato tuber, and are arranged

in a sp'iraì fashion. They are concentrated at the seed end, wh'ich js the

portion of the tuber furthest away from the stem. Apicaì domjnance is a

characteristic in which the eyes of the seed end are the first to sprout.

l,Jhen whole tubers are pìanted, the effect of apical dominance is important

as only one to three'large, productive stems per hill usually emerge. The
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effect of apìcal dominance js lessened when tubers are cut into seed

p'ieces, but differences between stem-end and seed-end sprouts still exist.

Propaoation and Growth

Ewing (1981) discusses several factors concerning potato pìant

propagat'ion. Reproduction in the potato plant is clonaì in nature. The

pìant is notoriously heterozygous not onìy because of its asexuaì

reproduction, but also because it is tetraplo'id. As a consequence of

asexual propagation, bacterial, fungal, and viral djseases and the potato

cyst nematode are readily spread from generation to generation through the

tubers. Disease transmission by seed tubers still remains a problem in

potato production. The North American practjce of cuttjng seed tubers can

lead to the dissemjnation of disease from infected to healthy tubers.

Furthermore, cut tuber pieces are more susceptible to jnfection by soil-

borne pathogens.

The jnit'iation of tubers at stolon tips usually occurs when pìants

are 15-24 cm high or 5-7 weeks after planting (Thornton and Sieczka 1980).

Tuber jn'itjation js controlled by a tuberization stimulus (Gregory 1956),

wh'ich is assumed to be a chemical substance. Formation of the stimulus'is

favoured by photoperiods shorter than a genetìcaìly determined crjtical

photoperiod and by cool temperatures (Epste'in 1971). In contrast to a

commonìy accepted notion, tuberization is independent of flowering. As

Ew'ing (1981) states, the chemical nature of the stimulus is unknown, but

it is suspected that the ratio of cytokinin(s) to gibberellin(s) affects

the stimulus. However, other researchers feel that the stimulus is not

cytokinin-like (Jameson et al. 1985). Upon receìving the tuberization
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stjmulus the main shoot ceases development, 'leaves enlarge and form w'ide

angìes with the stem,'internodes become short, stems thicken and above-

ground axì'llary branching is suppressed. Below the so'il, the stimulus

rest¡icts root growth and causes tubers to form on very short stolons.

Very hìgh ratios of tuber to total p'lant weight result in association with

h'igh l evel s of tuber j zati on st j mul us ( Ewi ng 1981 ) .

Growth of 5. tuberosun and the yield of plants are affected by many

env'ironmental factors. The greatest s'ingl e abi oti c factor affecti ng the

yield of potato plants is water stress (Burton l98l). For a high quality

yield, an adequate water supply js necessary from tuberinitjation unt'il

near maturity (Epstein and Grant 1973). Yield reduct'ion due to water

stress is attributable to reduced leaf area and reduced photosynthes'is per

unit leaf area (van Loon l98l). [,later stress during maximum fo'liage

growth, between emergence and tuber bu'l k'ing, I eads to a decrease i n

fol i age wei ght and reduces the e'l ongat'ion of stems, I eaves and roots

(Gandar and Tanner 1976; Hang and l'lilìer 1986).

Potato Flea Beetle

Descriotion and Life Historv

The eggs of E. cucuneris are elliptical and white when first'laid,

and turn greyish when older. They are deposited in shaded moist soil near

a host plant, at depths up lo 2.5 cm. Length of eggs may vary from 0.44

to 0.50 mm and width may vary between 0.19 to 0.21 nrm (Jewett 1929). The

average egg'incubation period in Hanjtoba is 5 days (Cole l95l).

The larval potato flea beetle, as described by Jewett (1929), ìs less

than I mm long at hatching and, after four ìarval instars, reaches 3.5 to
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4.5 mm in 'length. The larvae are thread-l'ike in appearance, have three

pairs of short thoracjc'legs and a pa'ir of pro-legs on the last abdominal

segment. The larva is main'ly whìte; the head is ìight brown, with reddish

mouthparts, and the thoracjc and anaì shields are fajntly brown. Larvae

have subtri anguì ar mandi bl es wi th four bl unt teeth, and short

subcylindrical antennae (Johannsen l9l3). The abdomen has njne segments,

and on each segment are approximateìy 24 setae. Larvae feed on the roots,

tubers and below ground portions of stalks of potato plants (Jewett 1929).

After feeding has ceased, ìarvae become shorter and thicker, and then

enter a quiescent prepupaì stage (Coì e l95l) . In I'lanitoba, the average

larval period lasts 24 days, which is then followed by a 7 day prepupal

period; after thjs time, ìarvae construct earthen cells in which to pupate

(Cole l95l).

Epitrix cucuneris pupae are white when newly formed, but darken as

they mature. The abdomen ìs bifurcate, with sìender incurved forks, and

a transverse line of setae on the last segment (Johannsen l9l3). Pupae

can be found jn soil around potato p'lants at depths of 1.25 to 7.5 cm

(Jewett 1929). Potato flea beetles, jn l.tanitoba, have a pupa'l stage that

lasts an average of l0 days (Co'le 1951).

Adult potato flea beetles are ovate, and 1.15 - 2 mm long. They are

shiny black with antennae and ìegs of reddish-yellow, except that the

enlarged hind femora are black (Jewett 1929). The surface of the elytra

js fjne'ly and sparse'ly punctured and is covered'in fine setae giving it a

pubescent appearance. In I'lan'itoba, overwintered adults begin co'llecting

on potato plants'in late l4ay or early June (Senanayake 1987). The adult
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beetles characteristicalìy jump, but do not f1y when disturbed (Cannon

1949); however, potato flea beetle flight has been observed ìn the

laboratory (Cole l95l). The summer generation of adults typìcalìy may be

found on plants during ìate July in Manitoba, and continue to feed unt'il

the weather becomes cold or the food source diminishes (Senanayake 1987).

In the fall after heavy frosts, E. cucuneris adults collect under ljtter

or v'ines in fields and field margìns. The insects then enter the soil to

overwinter (Anderson and l,lalker 1936). Development from egg to adult in

Man'itoba requìres approximately 46 days (Cole l95t), and in eastern Canada

requìres 28-42 days to comp'ìete (Hodgson et al. 1977).

Geooraohical Distribution and Host Plants

The potato flea beetle is found in all Canadian provìnces except

Brìtish Columbia (Hodgson et al. 1977). This species can also be

collected as far south as Florida and, at the time of the revis'ion of this

genus, extended as far west as North Dakota, South Dakota and Kansas 'in

the Unjted States (Gentner 1944). Prior to this revis'ion, many reports

had been pubfished of E. cucuneris being found in the western United

States. However, it is likely that these were erroneousìy identified

specìmens of another species, the tuber flea beetle, E. tuberis. In

general, the tuber flea beetle is confined to the west of the Rocky

Mountains, nonetheless, specimens of [. tuberis have been collected in

Alberta and Saskatchewan (Keì'leher 1983). This suggests that an overìap

in the distribution of E. cucunerís and E. tuberis could also exist in

¡'1anitoba, however there are no recorded specimens of E. tuberis in

I'lanitoba (Cole 1951), nor have any been found in my 'identifications of
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Epitrix spp.

Johannsen (1913) 1ìsts a range of p'lants as possjble hosts for the

potato flea beetle. The jnsect prefers to feed on members of the

Sol anaceae or n'ightshade fam'ily, incl ud'ing the potato (Sol anun tuberosun

L. ), wonder berry (S. nigrun var. L. ), bittersweet (S. dulcanara L.),

Jerusalem cherry (S. pseudo-capsicun L.), horse nettle (S. carolinense

L.), black or common nìght shade (S. nigrun L.), eggpìant (S. nelogena

L.) , tomato (Lycopersi cun escul entun Mi I I . ) , Cayenne pepper (Capi scun

frutescens L.), ground cherry (Physalís pubescencs L.), petunia (Petunia

axillaris BSP.), tobacco (Nicotiana tobacun L.) and iimsonweed (Daturia

stranoniul¡r L.). The wonder berry'is noted as bejng the preferred host for

the pest (Johannsen 1913).

Phenol oqv

Two studies of potato flea beetìe phenoìogy have been completed in

Hanjtoba: those by Cole (1951) and Senanayake (1987). These jndjcate

that E. cucuneris undergoes one generation per year. 0verwintered adults

emerge jn late l'1ay and move directly, or from an alternate host, onto

emerged potato pìants. These adults remain in low numbers from m'id-June

to mid-July, during which tjme they feed and mate and females ovjpos'it'in

the soil. By mjd- to late July, these adults die and the new generation

of flea beetles has sufficiently deve'loped to start emerging from the

soil. The populatjon of new beetles buiìds rapidly, and a'large sustained

population 'is established on the crop in early August. Numbers sharply

decline towards the end of the August. Beetles feed until cold weather

arrives in September or the food supply diminishes, at wh'ich time they
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Feedino In.iurv and Re]ated Host Effects

Injury to potato pìants by E. cucuneris is primarily done during the

adult stage. The adult is a fol'iage feeder which chews small round holes

'in leaflets of potato p'lants (Johannsen 1913; Jewett 1929; Anderson and

t¡lalker 1936; blolfenbarger 1940; Cannon 1949; Pond et al. 1970; Hodgson et

al. 1977 Thompson 1987). The appearance of potato leaflets whjch are

defoliated by potato flea beetle is that of being, "peppered with fine

shot" (Cannon 1949). Feedjng produces round scars 0.1 - 5 mm in diameter,

wh'ich may or may not penetrate the entire thickness of the leaf

(Senanayake 1987). Ladd (1963) performed prec'ise measurements on feeding

holes and determjned the mean feeding hole diameter to be 0.9846 rnm and

the area of the standard hole to be 0.7612 mmt. Typically, the area

surround'ing the feed'ing puncture des i ccates and turns brown .

Amalgamations of punctures on a leaflet may cause severe desiccation and

leaflet death. If extensive defoliation by overwintered adults occurs 'in

the ear'ly summer, growth of the young potato plant may be retarded (Jewett

1929). However, in Manitoba, this does not normally occur because ear'ly

season control measures against Colorado potato beetles also kill potato

flea beetles. Heavy defoliation by the new generation of E. cucumerfs in

I ate summer, i n add j ti on to causi ng potenti a'l y'iel d I oss, may I ead to

premature senescence (Thompson 1987). 0n Norland potatoes jn l'lanitoba,

late season defoliation caused economic yield reduction only when there

were more than 65 feeding punctures per lower leaflet (Senanayake 1987).

Larvae of E. cucuneris usually feed on rootlets, but occasionaìly

13
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they may bore tunnels into tubers (Anderson and l,lalker 1936; Hodgson et

al. 19771, Thompson 1987). These tunneìs seldom extend beyond 6 mm jnto

the tuber and can genera'l ì y be removed by proces s'i ng (Thompson 1987 ) .

Small rajsed bumps and worm trails on the surface of the tuber may also

occur. Tunnels often are filled with corky, sliver-ljke structures w'ith

a pimple or depression on the outs'ide (Cannon 1949). In severe instances,

the whol e outer surface of the tuber can be covered w'ith p'imp'les or

depressions. Larval feedjng injury rarely occurs in Hanjtoba.

Potato flea beetles may aid in the dissemination of several potato

diseases. Tubers damaged by larval feed'ing may be jnfected with a

pathogen such as common scab (Streptonyces spp.). Senanayake (1987) found

an increase'in the frequency and severity of common scab jnfection w'ith

'increasing dens'it'ies of potato flea beetles on p'lants. Mechanical

transm'issjon of bacterial diseases, spindle tuber vjroid and early bìight

can occur directly by adult feeding (Hodgson et al. 1977; Thompson 1987).

Prel i mi nary studi es have al so shown that adul t beetl es may carry

aggressive plant pathogens (Fusarfum spp. and /erticill ium spp.) as they

emerge from the soil, and that infect'ion of plants by these and other

djsease agents may be enhanced by their feeding (Thompson 1987).

l4ost Canadian investigations of yield loss in potatoes, due to potato

flea beetles, have been conducted in the l.laritimes. Thompson (1987)

reported that from 1983-86, significant yjeld losses occurred jn all years

with the cv. Superior and in three out of the four years with cv. Russet

Burbank. 0n average over this four year period, there t{as a loss of 19%

for Superior and 14% for Russet Burbank exposed to normal field densitìes
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of potato flea beetle, wjth all otherinsect pests controlled. Sim'ilar

research, invoiving plots of sprayed and unsprayed potatoes, showed

sìgnifìcant differences in yieid for such varieties as Russet Burbank,

Kennebek, Superi or, Ponti ac, Shepody and Sebago. In these tests,

reduct'ions in yield caused by potato flea beetles ranged from 6% to 32%

(Thompson 1984, 1985). Anderson and I'lalker (1936) found reductions 'in

yie'ld up to 25y, in eastern Vìrginia during severe outbreaks of the pest.

In l4anitoba, Senanayake (1987) determined that normal fjeld densities of

potato flea beetle were not sufficjent to cause sign'ificant yieìd

reduction in cv. Norland potatoes.

llanaoement and Control

thi s century. Cumently, many insecticides are regi stered aga'inst E.

cucuneris, but the tìming of insect'ic'ide appl icat jons is crucial for

The control of potato flea beetle by chemjcal compounds began earìy

maximum effectjveness. Early season iniury by the overwjntering

generation 'is usualìy controlled by appl icatjons of insectic'ide against

Colorado potato beetle. In Hanitoba, a foliar application of insecticide

(carbofuran, endosulfan or deltamethrin) is sometimes made in late Ju'ly to

suppress the new generat'ion of potato flea beetles. However, since new

fìea beetles are contjnually emerg'ing from pupation, a singìe application

of insectjc'ide may have little 'influence on peak population densjties

(Senanayake 1987). l"lost tuber growth jn a late maturing potato variety

I ike Russet Burbank starts jn earìy August; hence, early season

defoliation by potato flea beetles may have little effect on yjeld, but

mid- to late season defotiation can cause signifjcant loss, unless the
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insects are controlled (Thompson 1987).

Dec'isions concerning the appì ication of insecticide against potato

flea beetles in Prince Edward Island have been based on the total number

of holes on the fourth termjnal leaflet down from the apex of the plant.

If the number of holes exceeds 15, control has been warranted. Th'is

threshold js now be'ing reexamined, as the number of holes per leaflet is

known to be extremeìy variable from year to year (Thompson 1987). In

l'lan'itoba, Senanayake (1987) determined that on cv. Norland, at two weeks

past fjrst b1oom, the economic injury level is 65-75 holes per lower

terminal leaflet.

Little research has been done to deveìop effective biological

control s against potato flea beetle. Parasitoids (Hymenoptera:

Braconidae) have been recorded from F. cucuneris (Chittenden 1899; Forbes

1900, both cited by Johannsen 1913), but no studies sjnce this tjme have

reported their occurrence. Cultural pract'ices can reduce the severity of

potato flea beetle outbreaks. Uncultivated areas adjoin'ing fields cropped

in potatoes provide favourable condjtions for flea beetles to accumulate

and feed during periods in which the crop has not yet emerged from the

soi I (l,lol fenbarger 1940) . Then, potato fl ea beetl e adul ts move from

uncultivated areas to growing crops. Proper sanitation of weeds and

volunteer alternate hosts of this pest elim'inates possible overw'intering

shelter or early spring food sources.

Colorado Potato Beetle

The Colorado potato beetle, L. decenlineata, is a very weìl studied

'insect and consequently has a ìarge quantity of literature assocjated wjth
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relevant literature, with respect to the overall

In the following section of this chapter,

thes'is, is prov'ided. The

Ferro and Voss (1985) and Hare (1990) for further information about th'is

pest.

Li fe Hi storv

The adults of Colorado potato beetle overwinter in the soil. They

may be found at depths up to 43 cm in loose soiì, but are much nearer the

surface in compacted soils (G'ibson et al . 1925). Typically, the

overwjntering s'ite is near the base of the previous year's host plant.

Adults emerge ìn spring and d'isperse by waìk'ing or f'lying. In l.lanitoba

thjs activity occurs'in late Ì'tay or ear'ly June. After 5-10 days, females

ovipos'it masses containing 20-60 eggs on the ìower surfaces of leaves;

reader is directed to the general revjews by
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total fecundity can exceed 4000 eggs per female (Brown et al. 1980).

Adults mate often and females may mate before and/or after enterìng

diapause (Tauber et al. 1988a).

All eggs w'ithin an egg mass hatch sjmuìtaneously and larval feeding

then begins (Hare 1990). The larvae pass through four jnstars in 10-20

days and like the adults, feed on the leaves. The larval feed'ing is

genera'l'ly continuous with the larvae remaining near the top of the plant

(Gibson et al. 1925). First instars are responsible for 3% of the total

leaf consumpt'ion, second instars 5%, third instars l5% and fourth instars

77% (Tamaki and Butt 1978; Ferro et al. 1985; Logan et al. 1985). After

the fourth jnstar larvae have finished feedjng, each burrows into the soil

and pupates near the base of the pl ant. About l0 days later, the adults
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emerge from the soil, walk to a host and feed (Hare 1990). In Canada,

adul ts that have emerged from pupation may feed and then enter

overwintering diapause, oF, in mild climates, fiây give rise to a second

generat'ion (Gìbson et aì. 1925). Factors inducing diapause are poor host

pìant condit'ion, ìow temperatures and short photoperìod (Tauber et al.

re88b).

The host range of Colorado potato beetle'is fairìy narrow and is

confjned to 20 species of the Solanaceae fam'i1y (Hsiao 1988). The

princ'ipal host of the jnsect js the cultjvated potato (5. tuberosun), but

others suitable hosts jnclude the beetle's origìnal host p'lants,

buffalobur (5. rostratun) and 5. angustifoliun Lan.

llanaoement and Control

0n a world-wide bas'is, the Colorado potato beetle is the most

devastat'ing defo'l i ator of potato p1 ants. l,l j thout control these i nsects

can comp'lete'ly defoliate potato plants prior to tuberinitiation, thereby

caus i ng total yi e'ld I oss (Hare 1990) . Numerous studi es have deve'l oped

sampl ìng procedures (t'lartel et al . 1986; l,lright et al . 1987; Senanayake

and Hollìday 1988) and injury levels (Zehnder 1986; Hare and Moore 1988;

l,lrìght et al . 1987; Senanayake and Holl iday 1990; l'lailloux et al . 1991)

for the insect, but no single scheme is suitable for all regions. l'llost

treatment guidelines limit defoljation to 10-25% during the period after

fjrst bloom, whjle higher levels of the pest are tolerated jn the latter

part of the growing season (Shields and tlyman 1984; Hare 1987). S'imp'le

predictive models for Colorado potato beetle popuìations in commercial

potato fields have also been developed (Logan t98l).
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I'lost control of Colorado potato beetle is achieved through the use of

chem'ical jnsecticides. Granular systemic insecticides can be used at

planting and have the added advantage of provìding controì from emergence

to mid-season. However, they are expensìve, must be appf ied before insect

populations are assessed and may ìeave residues. Fol'iar jnsecticides are

cheaper, less pers'istent and may be applied as spot treatments to areas of

high beetìe density. In Hanitoba, control of the Colorado potato beetle

ìs ach'ieved through the use of fol jar jnsect'icide sprays, wh'ich are

usually applied aerially or by ground equipment. An applìcation is

usualìy made ìn earìy July against early ìarval jnstars of the developing

summer generat'ion. Thi s s'ingì e appl j cati on of i nsect'icide i s usual ly

sufficjent to control the pest, but jf iniurious levels of the pest

reoccur, a subsequent spray may be app'lied in mid- to late July.

Case histories of jnsecticide use support the hypothes'is that

application of insect'icjdes on a calendar-based spray schedu'le have lead

to the development of pesticide resistance; many areas of the eastern

United States presentìy have popu'latjons of Colorado potato beetles

resistant to most currently registered insecticides (Forgash 1981).

Resistance has not yet developed to synthetic pyrethroids in Manitoba, and

many registered, effective insectic'ides exist. For further information

about the management and control of Coìorado potato beetle by chemical and

non-chemical means, the reader is referred to the review by Casagrande

( re87) .
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Conmon Scab Disease

Pathoqenic Aqent

The causa'l organ'ism of common scab disease, Streptonyces scaôies, ìs

described by Hooker (1981). Streptomycetes are consjdered to be more

closely related to bacteria than fungi because they are akaryotic and have

cell wall characteristics more closely resemb'l ing bacteria. These

organisms do resemble fungi in their filamentous morphology, but have

notabìy smaller vegetatìve filaments . Strepto)nyces scaåies has barrel

shaped conidia 0.8-1 .7 pm x 0.5-0.8 ¡rm in sjze. Conidjophores of this

pathogen are branched, septate and have long spiralìy coiled termjnal

branches. The organ'ism is aerobic, produces colourless vegetat'ive

fjlaments and has pale grey aerial mycel'ia. L'ight reflect'ion for 5.

scaåies colonies is different from that of most bacteria because of the

radiating filaments that are produced. Optimal temperature for culture

development is 20-25' C wjth a range between 5-40" C.

Svmtomoì oqv

As described by Rich (1983), S. scaöfes usual'ly produces circular

tuber lesjons. Most are 5-8 mm'in d'iameter and may coalesce, to produce

a russetted appearance. Affected parts of the tuber may contain a

superficjal corklike layer (russet scab), an erumpent or cushjon-like scab

l-2 mm high (ra'ised scab), or may extend into the tuber itself (pitted

scab) (Hooker 1981). Infected areas originate at the lenticels

elongate lens-shapes lesions; the tissue beneath them becomes

translucent straw-l ike colour.

as
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The pathogen survìves in the soil and'is primari'ly spread from one

I ocal e to another by the pì ant'ing of infected tubers. D'i ssemi natì on by

i nfested so'i I i s al so possi bl e when carri ed by water, by wi nd or

mechanically (Rjch 1983). Streptonyces scaófes is predominantly found in

soils w'ith a pH range of 5.5 to 7.5 and'is genera'lly not a probìem at soil

pH's between 5.0 and 5.3 (Rich 1983). Continuous cropping of potatoes

greatly ìncreases the severity of common scab. Crop sequence has a marked

effect on the presence or absence of scab (Rouatt and Atkinson 1950).

Several organisms have been evaluated as possible vectors of S.

scabíes. Tamaki et al. (1976) revealed that the scab gnat, Pnyxia scaôíei

(Hopkins), was not the causative agent of deep-pitted scab but, fed on the

dead and infected tissue of scabby tubers. Various 5úreptonyces spp. have

been isolated from the bodies of Collemboìa and mites and these have been

ìmplicated as vectors (Storch et al. 1978; l4anzer et

of the disease occurs in young tubers through stomata

l98l) and tubers are most susceptibìe when stomata

lenticels (Lapwood and Adams 1973).

0ther hosts of 5. scaóies include the fleshy

?1

sugar beets, rutabaga, turnip, carrot, radish and parsnip (Hooker 1981).

Control

The most effective procedure to use in controlìing the jncidence and

severity of common scab di sease of potatoes i s to pl ant resi stant

varieties and use non-scabby seed. The most resistant cultivars are those

which are russet-skinned.

al. 1984). Infection

or lenticeìs (Hooker

are devel op'ing i nto

roots of red beets,

Some of these include Early Gem, Russet
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Burbank, Russet Sebago and Russet Rural. A complete list'ing of the many

scab resistant cultivars available is provided in R'ich (1983).

Many chemi cal control s have been devel oped to combat common scab

disease. In the early 1970's,

pest'ic'ide for this purpose tvas qu'intozene (l'lclntosh 1973). 0ther soil

ìncorporated fungicides are effective against common scab as well. These

include captafoì - a phthaìimide, 4-tert-butyl catechoì, as well as

unsubstituted and phenyl-, chloro-, 2,5 and 2,6 dichloroqu'inone compounds

(l'lclntosh 1973, 1976). Ethione fol iar sprays can also be successfully

used against the disease; they are systemic fungicjdes, which move in

phloem (HcIntosh and Burrell 1980; Burrell l98l). In the ear'ly 1980's

foljar sprays of 3,5 djchlorophenoxyacetìc acid (3,5-D) were developed,

which decrease scab jncidence by 90%, however, a slight reduction in

yield, an increase jn the number of tubers set and some tuber deformity

the only effective soil'incorporated

also result from their use (Mclntosh et al. l98l). Subsequently developed

pestic'ides have included 2,5 d'ichlorobenzoic acìd, whjch has few

undesirabìe s'ide effects on pìant yield (l'llclntosh et al. 1985, 1988).

Inorgan'ic constituents of soil also have an effect on the expression

of scab disease. Low soiì pH, between 5.0 and 5.3 js enough to suppress

5. scaôfes altogether (R'ich 1983). The levels of calcium and phosphate in

potato tubers also affect scab development. H'igh levels of tuber calcium

make periderm cells more suscept'ible to infectjon, but the appìicatjon of

phosphate, by neutralizing calcium ions, reduces scab severity (Davis et

al. 1976). Organ'ic manuring of potato fjelds to reduce scab infection has

also been attempted. I'langanese is reduced into a soluble form, which is
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toxic to S. scabies, after applications of green manure (Rogers 1969).

Davis et al. (1976) also found a negative correlation between common scab

severity and the amount of manganese in the soil.

L'i terature concerni ng soi I mo'i sture and i ts effect on common scab

development ind'icates that the disease thrives jn condjtjons of low soil

moisture (Sanford 1923; bleì'lings and Rosser 1968; Lapwood et a1.1970,

1971, 1973; Lewis 1970; Lapwood 1972; Lapwood and Adams 1973, 1975; Davis

et al . 19761' Adams and Lapwood 1978) . blel ì 'ings and Rosser (1968)

suggested that moist soil conditions for 2-3 weeks after the crop had

achieved 20% ground cover couìd give sìgnificant scab control. Even brief

perìods of rainfaìl during an otherwise dry grow'ing season can temporari'ly

haìt scab development (Lapwood and Adams 1973). This streptomycete

'infects young internodes on actively growing tubers when soils are dry

(Lapwood et al. 1970). The pattern of jnfection is commerc'ial'ly important

as the fjrst 4 or 5 internodes formed expand more than those formed ìater,

thereby caus'ing greater scab bl emi sh'ing. Potato tubers grown i n soi I s

with hjgh moisture have greater populations of bacteria than act'inomycetes

on their lenticels. The reverse is true jn dry soìl conditions. Hence,

'it has been suggested that imigation may djm'in'ish the populations of 5.

scaôies in tuber lent'ice'ls by increasjng the populations of antagonistic

bacteria (Lewis 1970). It'is not known whether these bacteria halt scab

growth by competit'ion or antibiosis (Adams and Lapwod 1978).

Grasshonnen Feedino on Potatoes

The twostriped grasshopper, llelanoplus

migratory grasshopper, líel anopl us sangui ni pes

bivittatus (Say), and the

(Fabricius), are widespread
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and destructive pests of crops in the Canadian prairies (Smith and Holmes

1977; Hardman and Smoliak 1980). These'insects are univoltine and feed on

both grassy and broadleaved pìants (Phil'ip and Mengersen 1989). Although

they are generaljst feeders, ll. bivittatus and ll. sanguinipes are on'ly

considered to be potential potato pests during hot dry summers when

numbers reach outbreak levels (Coìe 1951; Hodgson et al.1977; Univers'ity

of Caljfornja 1986). There are very few, if ôrY, pubìished records

recordjng grasshopper defoljation of potato crops, nor have any studies

quantifìed yield loss in potatoes caused by these jnsects. Hence,

research is needed to determine the potential detrimental effects of these

spec'ies on potato crops.

Although the quant'ity of literature concerning these grasshopper

species'is'large, 'it wiìl not be further reviewed because of its lack of

pertinence to the primary obiectives of this thesis.
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Abstract

In 1989 and 1990, cv. Russet Burbank potato pìants were grown jn

cages in fieìd plots, and potato flea beetles, Epitrix cucunerís (Harris),

and Colorado potato beetles, Leptinotarsa decenlineata (Say), were

'introduced jn different muìt'ipìes of natura'l'ly occurrìng densities.

Colorado potato beetles rrere jntroduced onìy in the early part of the

growing season, but potato flea beetles were introduced for the durat'ion

of the season. In 1989, severe aphid infestat'ions confused results, but

plant yield was still found to be negatìvely correlated with flea beetle

densjty. In 1990, without early season iniury by Colorado potato beetle,

pìants had no y'ield loss up to 290 flea beetles per pìant; above this

density, yield was ìnverse'ly proportionaì to flea beetle density. Based

on current econom'ic conditjons, the level of economic damage for these

p'lants ranged between 0.43-I .87%, equ'iva'lent to a peak density of 300-335

f I ea beetì es per pl ant. For p'l ants wh'ich sustai ned early season Col orado

potato beetle jniury, yield reduction was I inear and inverseìy

proportìonal to flea beetle density over the entire response. For these

pì ants , the I evel of econom'i c damage ranged between 0 . 40- I .88%, equ'i val ent

to a peak density of 4-19 potato flea beetles per plant.

The economic injury level for plants w'ithout Colorado potato beetle

defol 'iat j on i s best sui ted for use i n the centre of commerc'ial potato

fields where densjties of this pest are very'low. The injury level for

p'lants that sustained Colorado potato beette defol'iation should be used

near fieìd margins where relatively high numbers of the insect exist in

early season. The economic iniury levels are preì'iminary, but suggest
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that, 'in most years, the only necessary jnsecticide appììcations for

potato f I ea beetl es 'in l'tan'itoba are those a'long f i el d margi ns .

Introducti on

The potato flea beetle, Epitrix cucuneris (Harris), is a common pest

of potatoes in l'lanjtoba. This insect undergoes one generation per year

(Senanayake 1987), and adults overwjnter under litter or vjnes, or in the

sojl (Anderson and llalker 1936). Adults are the most 'iniurious stage;

they chew small round holes in the leaflets of potato plants (Thompson

tg87). This feeding produces noticeable scars whjch sometimes penetrate

the entire thickness of the Ieaf. Larvae feed ma'inìy on the fine

rootlets of plants; they may occasionally attack tubers, but the damage

they cause is slight and is easily removed by peeling (Thompson 1987).

In l4anitoba, overwintered adult Colorado potato beetles, leptinotarsa

decenlineata (Say), and potato flea beetle adults move onto newly emerged

potato crops in mid- to late June (Senanayake and Holliday 1989). Here

both species feed, mate and oviposit; eggs of Colorado potato beetle are

lajd on the underside of leaflets and those of potato flea beetle are laid

jn the soil. Popu'lations of Colorado potato beetle ìarvae increase until

the second week of July, when they are usually controlled by an

insecticide spray. A s'ingle jnsectjcide application is usually suff icient

to reduce densities of Colorado potato beetle below economicaìly iniurious

levels for the remainder of the growing season (Senanayake and Ho'llìday

1990). gverwintered potato flea beetle adults remain on potato p'lants in

low densities until fjrst bloom, at which time the summer generatjon of

adults starts to emerge from pupal cells in the soil. The popuìatìon peak
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of new potato flea beetles occurs in earìy August and dens'it'ies

subsequentìy decìine to zero by mid-September (Senanayake and Hoìììday

1989). In Man'itoba, an app'lìcation of insectjcjde against potato flea

beetles is occasionally made'in late July; however, jt often reduces the

August population peak on'ly sl ightly, ow'ing to the continual emergence of

new adults (Senanayake 1987). Hence, potato crops 'in ltlanitoba face a

regìme of earìy season defoliatjon by Colorado potato beetle and late

season defoliation by potato flea beetle.

There has been l'ittle research on the effect of potato flea beetles

on the yield of cv. Russet Burbank potatoes. In Prince Edward Is'land,

normal field densit'ies of potato flea beetle can reduce yield of Russet

Burbank p'lants by up to 15%, but economic iniury leveìs have not been

determined (Thompson 1984, 1985, 1987). In l4anitoba, the economjc iniury

level on cv. Norland is a peak density of 89 adult potato flea beetles per

plant; th'is densjty reduces yield by 2.5% (Senanayake 1987). An economjc

injury level for crops suffering early season defoliation by Colorado

potato beetle and late season defol'iation by potato flea beetle would

provide the best control decisjons for commerciaì potato production.

Therefore, the purpose of this study was to estimate an economic iniury

level for f. cucunerís on cv. Russet Burbank potatoes and examine how such

an i njury I evel i s affected by ear'l y season defol i ati on by L.

decenl i neata.
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Desiqn of Plots. In 1989, three pìots of cv. Russet Burbank potatoes were

pìanted us'ing 50 g seed p'ieces. Immedjateìy before p'lanting, seed p'ieces

were hand-cut from certified seed tubers, with all cutting utensils being

djsinfected in a 0.06% solution of quaternary ammonium compounds (HY-X").

Al1 plots received 397 kg/ha of blended granular fertil izer (22.6|N;

14.l/P; 14.llK;2.8/S): if plots were machine-p'lanted, fertilizer was

banded; if plots were manually planted, an equivalent amount of fertilizer

was applied beneath and around seed pieces.

One pìot was located at the University of Manitoba Plant Scjence

Research Farm in Portage'la Pra'irie, l.lanitoba. This plot, known as the

"Portage p'lot", was machine-p'lanted on 27 l4ay. It was 50 X 62.5 m wjth 51

rows of p'lants; rows were I m apart. In the centre sectjon of the p'lot,

p'lants were 81.2 cm apart withjn rows; jn the peripheral 8 m all around

the pìot, within-row spac'ing rras 40.6 cm. Extra spac'ing between p'lants in

the centre of the p'lot faciìitated sampl'ing. The central area was divided

into 15 subpìots, each l0 X l0 m. Subplots were separated from each other

by a single buffer rorr; every second pìant wjthin each subplot was

considered a sampì ing cand'idate.

The "experimentaì plot" was located at the Univers'ity of l"lanitoba

Fort Garry Campus and was manuaìly planted on 29 May. The plot was 30 X

30 m, with 11 rows of p'lants at 3 m spacing between and within rows. A

pre-emergent spray of glyphosate (801 g A.I./ha) was applied on 30 May to

control weeds.

ilateri a'l s and llethods

29



The "reservoir plot"

Fort Garry Campus and was

wi th 27 rows I m apart and

Exoerimental Treatments.

indjviduaì'ly caged with wood-framed cages covered 'in Tergal'drapery 'lining

materjai (28 hoìes/cm) (Fig. 1). Cages were 1.26 m X 1.34 m X 1.22 n

hjgh. At 0.5 m above the ground on two opposìte sides of each cage were

13 cm d'i ameter hol es wi th f abr j c sl eeves to permi t access to p'l ants

without moving the cage. Cages were anchored with guy I ines, and earth

was banked around the base of each cage to prevent insect movement in or

out. Cages were placed over p'lants at emergence (18 June)

0f the l2l available pìants in the experimental pì0t,30 were caged

for experimental treatments. There were ten treatments, each with three

repìicates. Treatments were arranged in rows 'in the centre of the

experìmental plot, with either two or three treatments beìng 'located in

one row. All pìants within an individual treatment were located

immediately adjacent to each other. Treatments were different multiples

of average field densjtjes of Colorado potato beetle and potato flea

beetle (Tabìe 1). Fiejd density was the average densìty of the insects in

the Portage plot in the same week.

Field density was estimated at the beginn'ing of each week throughout

the surnner, starting on 27 June, using both visual and whole-plant bag

samp'ling at the Portage plot (Byer'ly et al . 1978). One plant per subp'lot

was sampled by each method weekly, us'ing a randomized design'in which no

pl ant was sampl ed twi ce. Us'ing whoì e-pl ant bag sampl 'ing, Co'l orado potato

30

was also located at the Unìversjty of Manitoba

machine-p'lanted on l'1ay 30. It was 26 X 37 m,

p'l ants 40 . 6 cm apart wi th i n rows .

Selected plants jn the experìmental p'lot were
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beetle eggs, larvae and adults, and potato flea beetle adults were

coìIected. In this method, two weeks prior to the date of sampfing, a

cylindrìcal nylon bag with open ends (l m jn diameter and 1.5 m'long) was

placed over a plant and flattened and covered wìth five shovelfuls of

soil. 0n the sampìing date, bags were rapidly drawn up over the pìants

and draw strings, located at both open ends of the bags, were cìnched.

Plants were then cut off at soil level and removed to a laboratory co'ld

room to determine insect numbers. Vjsual sampljng was used only to

estimate numbers of Colorado potato beetle eggs, larvae and adults per

p'lant. The he'ight of plants sampled by both methods was also recorded.

Durìng the latter part of each week, startjng on 5 July, numbers of

I arval and adul t Col orado potato beetl es and adul t potato fl ea beetl es

were man'ipul ated i n cages at the experimental pl ot. Man'ipu'l at'ions were i n

accordance with the prev'iousìy defined experimental treatments (Table 1),

and involved the removal of cages from plants and examin'ing the number and

stadja of jnsects present. The numbers of Colorado potato beetles and

potato flea beetles were then adjusted to the dens'ity required per p'lant

ìn a g'iven treatment. The reservoir pìot was the source of insects for

the experimental treatments.

Numbers of insects (Table 2) in each experimental treatment were

in'itia'lly based on the weekly average field density as determined by

whoìe-plant bag samp'ling. However, jn late July, Colorado potato beetles

threatened to destroy plants in the Portage pìot, and so app'lìcations of

deltamethrjn (7.5 g A.I./ha) were made on 2l July, 28 July and 8 August.

Consequently, jnsect densities in the Portage plot were no ìonger
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"natural " and so, after the th'ird week in Ju'ly, treatment densit'ies of

potato fl ea beetl e were based on pub'l i shed data from i nsect'ic'ide-free

plots of cv. Norland potato p'lants (Senanayake and Holliday 1989). To

compensate for the larger size of cv. Russet Burbank p'lants, average

numbers for Norland were mult'iplied by four. Densitjes of Colorado potato

beetle were based on unpublished sampìing data from insecticide-free piots

of Russet Burbank potatoes (N.J. Hoì1iday, pers. comm.).

Also located at the experjmental plot, were fjve uncaged plants,

calIed the "cleared row'r, and fjve more uncaged p'lants calIed the "non-

cleared rory". The cleared ror{ was picked clean of all insects tw'ice a

week while the non-cleared row was left undisturbed for the duration of

the summer.

Harvesting. All experimental pìants, and those 'in the cleared and non-

cleared rows were harvested on l9 September. 0n 20 September,30 random'ly

chosen plants from the Portage plot, and 30 plants from a nearby

commercial potato field, were harvested. Fifteen plants from the

reservoir plot were harvested on 22 September. Harvest'ing was done

manually and tubers from each plant were kept separate to obtajn yieìds

from individual pìants. Tubers were washed, weighed and graded 'in

accordance with discrete size range classes used jn both commerc'ial and

table grad'ing schemes (8. Gejsal, S. Prokopchuk, pers. comm.). Tubers

were also scored for shape, material defects and the presence of disease.

1990

Design of Plots. In the second growing season, four p'lots of cv. Russet

Burbank potatoes were planted. One day prior to p'lanting,50 g seed
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pjeces were hand-cut from certified seed tubers. All cutting utensils and

potato sacks were dis'infected in a 0.06% solution of quaternary ammonium

compounds (HY-Xo). For overnight storage, seed pìeces were bagged and

placed in a room (16" C,80% R.H.) whjch provided forced a'ir c'irculat'ion

through the p'iles of seed pieces. Two p'lots, an experimental p'lot, and an

adjacent reservoir plot, were located at the Agricu'lture Canada Research

Stat'ion in Morden, Î'lanitoba. These plots received 269 kg/ha of blended

granu'lar fertilizer (28lN; 26lP; 0/K): fertilizer was broadcast in the

reservo'ir plot, but in the experimental plot an equivaìent amount of

fertiljzer was app'lied beneath and around seed pieces. The Horden

experìmental plot was 36 X 36 m with 13 rows of p'lants spaced at 3 m

intervals between and w'ithin rows; 'it was manually planted on 22 I'lay. The

Morden reservoir pìot was mechanically planted on 22 I'lay, and was 36 X 95

m wi th 37 rou,s , I m apart . Pl ants were spaced wi th i n ro!{s at 45 .7 cm

intervals. 0n l0 July, a postemergent spray of metribuzin (261 g A.I./ha)

and sethoxyd'im (809 g A.I./ha) was applied to suppress volunteer broadleaf

and grassy weeds.

The remaining two plots also consisted of an experimental and an

adjacent reservoir p1ot, and were located I km west of the town of

l{jnkler, l{anitoba. These pìots received 168 kg/ha of blended granuìar

fert'il jzer (18.2/N; 16.7lP; 16.7/K): fertil izer was banded in the

reservoir plot, but in the experimental plot an equ'ivalent amount of

ferti I i zer was appì 'ied beneath and around seed p'ieces . The þlì nkl er

experimentaì p'lot was manually planted on 25 l'lay and was 30 X 30 m, wjth

plants spaced at jntervals of 3 m between and within the 11 rows. The
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t'ljnkler reservoir p'lot was mechanicaì'ly planted on 24 l'lay, and was 30 X 60

m wi th 31 rou,s , I m apart . Pl ants were spaced wì th ì n rows at 45 .7 cm

intervals. 0n 4 June, a pre-emergent spray of glyphosate (1.246 kg

A.l./ha) was app'lied to both pìots to control volunteer wheat. 0n 5 July,

a post-emergent applicat'ion of metribuzin (261 g A.l./ha) and sethoxydim

(809 g A.l./ha) was made to control volunteer grassy and broadleaf weeds.

Exoerimental Treatments.

were constructed of Nitexo monofjlament bo'lt'ing cloth (12.5 hoìes/cm).

Inside cage dìmensions were 0.90 m X 0.90 m X l.l5 m h'igh. Cages were

supported by four 1.22 m'lengths of 1.8 cm (0.0.) thìn-walled steel

condu'it. Conduit was inserted through loops attached to the outside of

the vertjcal edges of the cages and was driven jnto the ground. Strings

on the upper four vertices of each cage were tied to the conduit to keep

the roof of each cage weìl supported and taut. One s'ide of each cage

contained an 80 cm zipper to allow plants to be exam'ined w1thout removal

of the cage. The bottom 5 cm of each cage uras reinforced with 28 gauge

galvanized steel sheet'ing, rivetted on each side of the Nitexc boìting

cloth. Earth was banked around the base of each cage to prevent jnsects

from entering or'leaving. At the l{inkler experimental plot, the

previously described wooden cages were used.

At the Horden experimentaì plot, there were eight treatments

replicated six times (Table 3); two treatments, each repì'icated s'ix t'imes

were used at the t{ìnkler experimental p'lot. Treatments were arranged in

rows'in the centre of each experimentaì pìot. Each row tras comprjsed of

six plants, immediately adjacent to each other, and represented a single

Cages (Fjg. 2) for the I'torden experimental pìot
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experimental treatment. As in 1989, one cage was used per pìant in each

treatment, but unl'i ke that year, no treatments used I ate season

infestations of Colorado potato beetle. Cages were put ìn place as pìants

emerged on 19 June and remained there until harvest.

Exoerimental Activities. I'lanipulations of potato flea beetle densities in

experimental treatments rrere based on pubì'ished data from 'insectic'ide-free

plots of cv. Norland potatoes (Senanayake and Holl'iday 1989). Averages

from these data were multip'lied by four to account for the larger sjze of

Russet Burbank pìants; however in any g'iven week, the ultimate densities

per cage were governed by the abundance of potato fl ea beetl es i n the

reservoi r p'lot. Unl'ike July 1989, potato fl ea beetl e abundance was very

low during July 1990; hence, early season infestations of thjs pest on

caged p'l ants were not possi bì e. l,lani put ati ons for Col orado potato beetl e

were based on unpubljshed sampling data from insectjcide-free plots of

Russet Burbank potatoes (N.J. Ho'lliday, pers. comm.), which are analogous

to peak numbers found at the periphery of commercìal potato fie'lds (Horris

le90) .

tach week, all the cages at the Morden experimental pìot were

unzipped, cleared of insects and then the appropriate number of insects

(Table 4) was introduced. Plant height was also recorded. At the tdìnkler

experimental plot, similar methods were used, but the wooden cages were

completely renoved to facititate manipulations. Insects 'introduced into

cages were obtained by sweep-netting in the reservoir plots. As a

biological control against aphids, l0 larval and 15 adult coccineìlids

were maintained in al'l cages from I August onward.
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In the Morden experimenta'l p'lot, a row of six uncaged p'lants, called

the "cleared row" were picked clean of all jnsects, twice a week. An

uncaged row of six plants ìn the Morden experimental plot was left

undisturbed, but was surveyed weekly for Colorado potato beetle larvae and

adults. In the lilinkler experìmental plot, an uncaged row of s'ix plants

was also left undjsturbed, but insects on these pìants were not mon'itored.

The undisturbed rows were both referred to as "non-cleared rows".

Harvestinq. Al'l experimental plants, the cleared and non-cleared rows,

and fifteen randomly chosen p'lants from each reservojr pìot and from a

nearby commercial field were harvested. Harvesting at the l.ljnkler p'lots

and commerc'ial field was done on 22 September; all remainìng plants were

harvested on 23 September. Methods of harvesting and yieìd assessment

were the same as 'in 1989.

Anal vsi s

For both 1989 and 1990, on'ly the weight of marketable tubers 4.4 cm

or larger ìn diameter were considered in the analys'is of marketable yield,

hereafter referred to as yield. Data were analyzed by linear regression,

analysi s of covari ance (ANCOVA) and analysi s of vari ance (ANOVA)

(hl j I ki nson 1990) .

Resul ts

The reader is referred to the appendices for deta'iled data on

seasonal abundance of potato fl ea beetl e and Col orado potato beetl e 'i n

1989 (Append'ix 1), week'ly numbers of Colorado potato beetles on the non-

cleared row at Horden 'in 1990 (AppendixZ), heights of plants (Appendices
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3,4 and 5) and tuber s'izes from indiv'idual plants (Appendìces 6 and 7).

1989

From the 1989 yjeld data (Table 5) no dìscernable trends can be seen,

probably because of aphids, llacrosiphun euphorbiae (Thomas) and llyzus

persfcae (Sulzer), which fed on the experimental p'lants late jn the

season. During m'id- to late August, the level of aphid infestation was

visually ranked for each pìant (Table 5) and was negatively correlated

w'ith yield (r=-0.75; d.f .=1,28; P<0.001). To minimize the detrimental

effect of aphìd feed'ing on the ana'lysis of yie'ld, p'lant yìeìds were

corrected by ANCOVA with aphid injury ranking as the independent variable

(Table 6). However, because of the interaction of terms in the

mathematjcal model representing earìy season and late season densities of

Colorado potato beetle, the ullOu treatment could not be included in this

analysis or compared to other treatments wjth earìy season Colorado potato

beetle injury. After correction for aphids, yield was found to be

negatively correlated with peak densities of potato flea beetles (r=-0.69;

d.f.=1,19; P<0.01), but the effect of Colorado potato beetle was st'ill

undjscernible (Fig. 3).

Average plant yield from the Portage plot (Table 7) was significantly

smaller (t=11.0; d.f.=1,43; P<0.001) than in the commercial field or the

"000u treatment in the experimentaì plot (t=10.5; d.f.=1,31; P<0.001).

Plants in the Portage plot were in poor conditjon because of Colorado

potato beetle feeding and weed compet'ition. Average yield from the

reservoir plot t{as also significantly smaller than that of the "000"

treatment (t=2.9; d.f.=1,16; P<0.05).
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1990

In the Morden experìmental plot, yieìds were strongìy infìuenced by

the dens'ities of both Colorado potato beetle and potato flea beetle (Tabìe

8). Plants which sustained low levels of potato flea beetle injury, wìth

no Colorado potato beetle jniury, had sì'ight increases'in yield, but wjth

this exceptìon, increased jnsect density resuìted in reduced yieìd (Fìg.

4).

To model the linear port'ion of the yieìd response for p'lants without

Colorado potato beetle ìnjury, the u000u treatment was jgnored. All four

treatments were used to model the yield response for pìants which did

sustain Colorado potato beetle injury. The combined linear response for

all seven treatments was ana'lyzed by ANC0VA (F'ig 4). Plant yie'ld was

signifìcant'ly affected by the density of potato flea beetles (t=129.2;

d.f.=1,3; P<0.01) and by the presence of early season Colorado potato

beetles (F=25.8; d.f .=1,3; P<0.05). The sìope of the l'inear port'ion of

the response to potato flea beetle was s'ign'ificantly steeper when there

had been earìy season defoliat'ion by Colorado potato beetle (F=10.4;

d.f.=1,3; P<0.05). In the absence of potato flea beet'les, the difference

between the means of the two control treatments shows that early season

defoliation by Colorado potato beetle reduced y'ield by 0.408 kg. tJ'ith no

Colorado potato beetles, in the region where the response to potato flea

beetles was linear, the reduct'ion in yield for peak potato flea beetle

densjties was 1.625 g/flea beetle. However, when there had been earìy

season Colorado potato beetle iniury, this 'increased to 2.922 g/f1ea

beetl e.
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The average y'ield of the "000" treatment jn the Morden experimental

plot (Tabìe 8) was significantly larger (t=5.0; d.f.=1,10; P<0.001) than

that in the cìeared row, suggesting that caging has an effect on yield.

The y'ield in the non-cleared rorr was 80% of that jn the c'leared row; in

experimental treatments, the yield of the "100" treatment was 90% of the

"000" treatment, and that in the ul0lu treatment was 75%. The average

yield in the I'torden reservoir plot rras s'ignificantly smaller than that ìn

the non-cleared row (t=-4.0; d.f.=1,19; P<0.001) but was ìarger than that

in the commercjal fjeìd (t=-2.7; d.f.=1,28; P<0.05). The commerc'ial field

suffered great'ly from inadequate rajnfall, and the yield was welì below

that typ'icaì for dryl and potato producti on for l'lan'itoba.

At 1llinkìer, treatments were restricted because of a shortage of fìea

beetles; treatments which were carried out had smaller numbers of flea

beetles than the corresponding treatments at Morden (Table 4). By ANOVA,

no s1gnjficant difference was found among yields of the two experimental

treatments and non-cleared row at the hlinkler sjte. The average yield

from the llinkler reservoir plot was s'ignificantly larger than that from

the commercial field (t=-2.9; d.f.=1,28; P<0.01), but did not differ

s'ignificantly from that of the l'lorden reservo'ir p'lot.

Economic In.iurv Level

To obtain an econom'ic jnjury level (EIL) for potato flea beet'les,

yie'lds were converted to percent yieìd of the "000" treatment for pìants

without Colorado potato beetle injury, and percent yield of the rr100rr

treatment for plants with Colorado potato beetle ìniury. Based upon the

significance of the previous ANOVA, 
'least squares regress'ions were used to
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calculate percent marketabìe yield reduction wìth vary'ing peak numbers of

potato flea beetìes per plant (Figs. 5'6).

Two d1fferent approaches were used to fit regressions for Figs. 5 and

6. The response of plant yield to peak densit'ies of potato flea beetles,

as shown in Fig. 5, appears to be curvilinear. However, after exploratory

anaìyses, the "000u treatment was ignored and the remaìn'ing treatments

were fit by ljnear regression. This procedure best modelled pìant

response to flea beetle defol iatjon 'in the area where econom'ic yjeld loss

occurred. A l'inear regression that did not 'ignore the "000" treatment

would greatly underestjmate the yield of plants defoljated by norma'l field

dens'itjes of flea beetles. An injury level calculated from such a

regression would be far too ìow, because'it would not adequately account

for increased plant yield at low leveìs of potato flea beetles. In F'ig.

6, al ì four experimentaì treatments were easi ly model I ed by I i near

regression, with the regress'ion being forced through 100% on the Y ax'is.

Although the fit of the modeì was slightiy compromised by forc'ing through

100%, the calculation of a pract'icaì jniury level necessitated that the

relationship showed no y'ield loss when no insects were present. The two

rel ationships determined were:

l,lithout early season Colorado potato beetle'iniury:

Percent Yield = 111.935 - (0.0412 x peak potato flea beet'le dens'ity)

blith early season Colorado potato beetle injury:

percent yield = 100.000 - (0.0988 x peak potato flea beetle density)

The economic'injury levels, derived in a fash'ion simìlar to that of
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Senanayake and Holl'iday (1990), are given in terms of peak numbers of

potato flea beetles Per Plant:

llìthout early season Colorado potato beetle'iniury:

EIL= (# + 11.s34) + 0.0412

lilìth early season Colorado

EIL =

where C = control cost ($ Canadian/ha), v = market prìce ($ Canadian/kg),

and y = expected yield in absence of insect iniury (kg/ha).

tconom'ic'injury levels depend on the price of pestìc'ides, the cost of

appìication, market price for the crop and potential yield of the crop

and, jn I'lanitoba, there is a range of expected yjeìd depending on soil

type and whether potato crops are irrigated or not. Furthermore, the

market p¡ice for Russet Burbank potatoes is not fjxed but varies depending

on contractuaì obl jgat'ions with processors. Hence, jt would be

ìnapprop¡iate to produce a s'ingìe, fixed economic iniury level, and so a

range of economic injury levels was calculated, based on the varying

conditions faced by l'lan'itoba producers (Table 9).

Di scussi on

The 1989 field season produced data which were difficult to interpret

and showed few clear effects; several reasons may account for these

problems. Fjrst, rr,as the large infestation of Colorado potato beetles at

the Portage plot, which caused severe defoliation and dictated the use of

insectjcide to save the crop. Insecticide applied aga'inst Colorado potato

potato beetle iniury:
C

0.000988vy



beetles had the undesirable effect

numbers. Secondly, weeds at the

for growing potato p'lants. These two factors created conditjons atypicaì

of a commercial potato field, and as manipulations at the experìmental

plot were based on average numbers from sampling of the Portage plot, half

of the seasons' s experimental manì pu'l at j ons d j d not refl ect the typ'icaì

densi t'ies of i nsects found i n commerci al potato f i el ds. A further prob'lem

was the presence of aphids'in cages late in the season. Correctjon for

the effect of aphid feeding on yield was difficult, because aphid ranks

were non-orthogonal with treatments. After correction a negative yie'ld

response to potato f'lea beetles rvas demonstrated, but the effect of

Colorado potato beetle feeding rvas still undiscernible. As both potato

flea beetles and aph'ids tended to predominate in late season, it is l'ikely

that aphid injury had the single greatest effect jn confusing the results

of this field season.

In 1990, problems were encountered at the hJinkler site. Insufficient

numbers of potato flea beetles, partìcularly during the bloom phase when

plants are most sensitive to yield ìoss (Cranshaw and Radcljffe 1980; Hare

1980; Shields and Ì,lyman 1984), probab'ly was the primary reason for the

absence of sjgnificant effects of treatments. Also, bjrds destroyed the

tops of some of the cages in this experimental plot, thus al'lowìng potato

flea beetles to escape.

In the Morden expenimental plot, plant heights shortly after pìant

emergence were slightly 'larger for non-Colorado potato beetle treatments

than those with Colorado potato beetles (Append'ix 4). Th'is is attributed
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of severe'ly reducing potato flea beetle

Portage plot caused severe competìtion
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to the low-lying, poorly draìned area jn which the plants for the Colorado

potato beetle treatments were planted, which resulted in sl'ightly deìayed

germination and growth. However, among treatments wìth Colorado potato

beetle, no djfference ìn plant height was found by 43 days after planting

when tested for the effect of potato flea beetle. Prior to thjs tìme, the

on'ly insect manìpulations that took p'lace were those for Colorado potato

beetle, at a density of onìy one adult per pìant, starting'in the previous

week. Pl ant he'ight in the u105u treatment rema'ined marginal ly I ower than

all other treatments throughout the season, but this is not surprising as

jt received the severest defoliation. Since the economic injury levels

were based on percentage yield reductions of the rr000'r treatment for

pì ants wìthout Col orado potato beet'les, and of the rr 100rr treatment for

plants w'ith Colorado potato beetles, any potential yield discrepancy that

may exist between the two groups of treatments would not affect the

calculation of the economic injury levels. Therefore, early season

variation in pìant size between treatments was relativeìy small, and had

negìigibìe effect on 'injury level determinatjon.

The only way by which a realistic economjc injury level for potato

flea beetìe can be developed is by conducting an experiment under

conditions found in a commercjal potato field. However to mainta'in

specìfic densities of insects on a pìant grown under these condjtjons, and

to have the abil'ity to manìpulate these densities to model natural

population increases and decreases, plants must be caged. Cages were

designed so that plants had about the same area for foliage as their

fie'ld-grown counterparts. However, non-caged plants were slight'ly smalIer
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than caged plants. In the Morden experimental plot, the cleared row vras

sìgnìficantìy smaller (t=5.0; d.f.=1,10; P<0.001) than the caged "000"

experimental treatment, which had no insects introduced. Because spacing

between plants was the same in both groups of plants, it is unlikely that

compet'it'ion for root space or nutrients could account for this d'ifference.

Differences jn plant sjze and yield are probabìy attributable to the shade

and protection from wind that the cages prov'ided.

The percent yield reduction of experimental treatments from that of

the "000" treatment ìs comparable to the percent yield reduction of pìants

in the cleared and non-cìeared rows. In I'torden, the yield of the non-

cleared rou, was 80% of the cleared row. For experimental treatments, the

u100n treatment was 90% of the "000n treatment, and that in the rrl0lrr

treatment was 7516, No treatment jn the l.lorden pìot, owìng to the fact

that experimental treatments had no late season Colorado potato beeties,

can be d'irectìy compared to the non-cleared rotr. However, the early

season defoliatjon in the "101u treatment was h'igher than the densities in

the field, and the level of potato flea beetles jn the "10lrr treatment was

probably much higher than the non-cleared row. Hence, the relationshìp of

the 75% in the "101u treatment to the 80% in the field ìs a reasonable

resul t.
If caging affects plant response to defol'iation, then the econom'ic

injury levels would be affected. Senanayake and Holliday (1990) explored

thjs possibi'lity when developing an economic iniury level for Colorado

potato beetle on Norland potatoes. They attrjbuted any discrepancies

between observed yield loss in the field and predicted yield loss to the
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differentiaì response of caged p'lants to defoliation. They found that the

magnitude of the differences was smal'l compared to the precisjon of field

sampling, and concluded that no adjustments were necessary to the iniury

level. Senanayake and Holliday (1990) attributed all differences between

predicted and observed yjelds to the effect of cag'ing; no doubt cag'ing was

not the only reason for these differences, and so the real effect of

cagìng on the yield response to defoliation js probabìy even less than

thejr estimate. Another potentìaì source of error may be brought by

caging. When densitjes of jnsects are expressed on a per pìant basis,

caged plants, because of theìr larger size and increased foìiage area,

have fewer insects per unit fol iage area than plants that are commerc'ia'l'ly

grown. The result of such an effect js uncertajn, but may lead to a

siight exaggeration of econom'ic injury leveìs.

In my studies of Russet Burbank, jn the absence of early season

Colorado potato beetle jnjury, there appeared to be an overcompensatory

response to low densitjes of potato flea beetles: yìeld was 'increased

when the peak density of potato flea beetles was between 0 and 290 flea

beetles per pìant. Artificial defoliatjon studies have also shown

overcompensat'ion jn Russet Burbank potatoes, when leaf removal was at mìd-

season (Cranshaw and Radcljffe 1980). A similar overcompensatory response

to potato flea beetles occurs in Norland potato pìants (Senanayake 1987),

but here yi el d i ncreases between 0 and 77 beetl es per pl ant . l'lhen

cons'idering flea beetìe injury alone, Russet Burbank plants are about four

t'imes more tolerant of injury than is Norìand. This d'ifference'in

sensitivity to'injury is similar to that of the same potato cultivars when
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defoliated by Colorado potato beetle alone (Holl'iday 1988). Such a

differential response is probabìy related to the much larger fo'liage area

of Russet Burbank potato pìants (Holliday unpubl.).

0vercompensation is a plant response to insect feeding that occurs

early'in the generalized damage curve (Fenemore 1982), and js more evident

in plant stands than 'in 'individual plants (Pedìgo et al . 1986). Hence,

'if such an overcompensatory response does exist, as seen from the 1990

experimental data, 'it may occur even more intensely in a commercjal field.

Severaì reasons may account for overcompensatory yield responses ìn

'indjvidual plants. Damage earìy in the growing season, part'icularly to a

vigorously growing termina'l , jnhibits apicaì dom'inance in p'lants (Harris

1974), so that new shoots are formed, and foliage area and yield increase.

Harris (1974) suggested that such a mechan'ism was responsìble for

i ncreased yì el d j n moderate'ly defol i ated potatoes i n Czechosl ovakì a

(Skuhravy 1968). Limited defoliation may aìso opt'imize leaf area ìndex.

The optìmum leaf area'index is the ratio of leaf area to ground covered at

which the balance of photosynthesis over respjrat'ion is at a maximum value

(Harper 1963). Excess foliage, which shades lower leaves, causes

carbohydrate synthesis in lower leaves to be less than thejr respìratory

requirements, therefore, removal of leaves higher on the pìant may

'increase overaìl photosynthetjc efficiency (Harper 1963). Under certain

envi ronmental cond'it'ions, p'l ants are I imi ted ei ther by thei r capaci ty to

produce photosynthate ("source l'imitations") or by the'ir abil'ity to use it
("s'ink I imitations"). Plants are more l'ikely to become more source-

I imited as more s'inks, such as fruits 0r tubers, develop (t'lare'ing and
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Patrick 1975). Early August, when most potato flea beetle defol'iation

occurs, 'is a period in whìch potato pìants are likely source-limited. Low

I evel s of defo'l i at'ion, by reduci ng the effect of ap'icaì domi nance and

optìmìzing the leaf area jndex, fiâJ reduce the source lim'itation of

plants, and allow more photosynthate to be allocated to tubers.

blhen p'lants are grown under optimal condjtions, assimilate production

'in leaves is below its potent'ial maximum, and when the source-sjnk rat.io

is decreased by defoliation, assimjlate production may be optimized jn the

remaining leaves (lilareing and Patrick 1975). Such 'increases in the rate

of assim'il ate production have been shown to occur wjth reduct'ions in

source-s'ink ratios by partial defol iation (l,lare'ing et al . 1969; Dwelle

1990) or by graft'ing ìarger root sinks onto pìants (Thorne and Evans

1964). The photosynthetic efficiency of undefoliated potato p'lants

changes over the course of the growìng season. l'taximum efficjencìes are

found during the perìod of tuber bulkjng, wh'ile reduced efficienc'ies are

found before tuber initiation and after pìants have produced aboul 60-70%

of their max'imum y'ield (l.toorby 1968; l'loll 1980). Therefore, it is

plausible that low levels of potato flea beetle feeding may increase

photosynthet'ic effic'iency to compensate for a decreased source-sink rat'io.

For this process to occur, photosynthesis may have to be reguìated by

hormonal factors which are synthesized in s'ink reg'ions, such as tubers

(lllareing and Patrick 1975).

The level of economic damage for prev'ious'ly uniniured Russet Burbank

plants was between 0.43-1.87%, whjch is equivalent to a peak of 300-335

potato flea beetles per pìant. Such high numbers of potato flea beetles
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may be withstood by plants because of the'ir overcompensatory ability.

Russet Burbank plants which have been exposed to early season defoliation

by Coìorado potato beetle lose their ability to compensate for iniury by

potato flea beetles. The level of economic damage for these p'lants ranged

between 0.40-1.88%, equ'iva'lent to a peak density of 4-19 potato flea

beetles per p'lant. The perìod of potato plant growth which is two weeks

past first bloom (approx'imate'ly 70 days after planting) is the most

sens'itive to injury in both short term insect defol'iation (Hare 1980) and

artjficjal defoìiat'ion studies (Cranshaw and Radcljffe 1980; Shields and

l,lyman 1984). Hence, for plants which have lost the'ir overcompensatory

abiljty, the low number of potato flea beetles necessary to cause econom'ic

injury'is probabìy due to the sens'itivity of plants to defoliation durìng

th'i s peri od .

Russet Burbank pì ants are sensitive not only to mid-season

defoliatjon, but also to defoliation for a short period after emergence

(Shieìds and Wyman 1984). Durjng th'is period, removal of tissue from the

lower leaves may disrupt the hormones involved in tuber initiation; these

hormones are concentrated jn older leaves (Cutter 1978). Thjs delays the

onset of tuberization whjch, jn late maturing cultjvars lìke Russet

Burbank, often does not affect yield as plants have enough time to recover

before matu¡ity. However, added late season iniury by potato flea beetle

may hinder this recovery, and consequently reduce y'ieìd.

In many years jn I'lanitoba, Colorado potato beetles are concentrated

around the periphery of potato fjelds, up to approx'imately 50 m'in from

the edge (Holliday and Parry 1987), while densitìes in the centres of



fields are often near zero (Morris 1990).

thi s pest, I feel that the 'injury I evel determi ned for pì ants w'ithout

Colorado potato beetle defoliation is most applicable to the centre of

f i el ds, and the i n j ury I evel determ'i ned for p'l ants wi th Col orado potato

beetle injury is appl'icable to field margins. Potato flea beetle

populations jn l'lanitoba rarely exceed the economic jniury level for no

previous defol jation, but regular'ly do exceed the iniury level for

prevìous defol iation (Hol1 iday unpubì.). Current control practices

aga'inst potato flea beetle jn l'lanitoba are therefore iustified jf confined

to field margins of Russet Burbank potato fields where there were prev'ious

populations of Colorado potato beetles.

In order to allow for the proper tjm'ing of insecticide app'licat'ions,

based on prev'ious'ly calculated economic jniury'leve'ls, an'index must be

developed which relates damage by potato flea beetles to absolute numbers

per p'l ant . Such an i ndex can be deve'l oped f rom an exami nat j on of how

feeding punctures accumulate on leaflets over the course of the growing

season. This will be exp'lored in Part 2 of Chapter III.
In conclusion, the responses of Russet Burbank potato plants to

potato flea beetle defoliation closely paralleì findings by Senanayake

(1987) for Norland potatoes. In particu'lar, an overcompensatory yìeìd

response may exist'in both cultivars for low levels of potato flea beetle

feeding. However, sequent'ial defoliatjon by Colorado potato beetles in

early season followed by potato flea beetles'in late season el'im'inates the

overcompensatory abil'ity of plants, and greatly 'lowers the economic iniury

level for potato flea beetle. The economjc iniury levels developed here'in
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Because of th'is dì stri buti on of



are sensitive to the conditions

should be considered prel ìminarY,

data to be refined.
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of l'lan'i toba potato product i on . They

and require additional field seasons of
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in the experimental pìot, 1989. Densities of each
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Numbers of insects/pìant jntroduced into cages at the
experimenta'l p]ot, each week ìn 1989. (DAP = days after
p'lanting; CPB = Colorado potato beetle; I-lV = CPB jnstar
number; A = CPB adujts; PFB = potato flea beetìe adults).
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txperìmental treatments used in the experìmental plots at
Morden and ldinkler, Manitoba, 1990. Densities (insects/pì ant)
are multipìes of average fìeld density for each week. Each
treatment contained six rep'ìicates. (CPB = Colorado Potato
Beetle; PFB = Potato Flea Beet'le).

Dens i ty of ear'ly
season CPB

0
0
0
0
I
I
I
1

Density of
PFB

ìlorden Site
0
I
3
5

0
I
3
5

tlinkler Site
0
5

0
0

Treatment
name

000
001
003
005
100
101
103
105

000
005



54

for
Numbers of insects 'introduced into cages at the Morden an
lllinkler experimental plots, each week jn 1990. Dates are
Morden; those for l,li nkl er generaì I y fol I owed by two days .

(DAP = days after p'lanting; CPB = Colorado potato beetle;
i-IV = CPB jnstar number; A = CPB adults; PFB = potato fì
beetl e adul ts) .

ea

VlinkLer

000 005

00

00
00

00
00
00
00

00
00
00

Treatment

105

CPBA o o 0 0 1 1 I I

CPBI o o 0 0 3 3 3 3

Ir o o 0 0 2 2 2 Z

CPBI O O O 0 5 5 5 5

II 00005555
rrl000010101010
M00010101010

CPBII O O 0 0 1 1 I 1

III0oo03333
I 0005555

101

Morden

003 005 100

050

00

0 500

0 500

0 250

00

30 50

150 250

300 500

420 700

150 250

75 L25

Tabl e 4.

000 001

No lnsects

000010

50 150 250 0 50

too 300 500 0 100

140 420 700 0 140

50 150 250 0 50

25 75 L25 0 25

No Insêcts

InsectsDAP

34

43

48

DaLe

June

July

0

0

0

0

U

0

25

4

9 July

55

62

69 PFB

77 PFB

83 PFB

90 PFB

98 PFB

104 PFB

111

16 July

23 JuIy

30 July

7 Aug.

13 Aug.

20 Aug.

28 Aug.

3 Sep.

10 Sep.



Tabl e 5. Marketable y'ield from plants in experimental treatments jn
1989. Aphid rankings âre from visual assessments of aphìd
infestation in cages durìng the latter part of the growing
season. (0 = no aphids; 5 = h'ighest dens'ity of aphids).

Treatment

000
000
000

001
001
001

003
003
003

100
100
100

101
101
101

103
103
103

200
200
200

201
201
201

203
203
203

110
110
110

Pl ant

A
B

c

A
B

C

Aphid rank

2

I
5

3
4
4

0
0
I

Y'i el d
(ks/pì ant)

A
B

c

A
B

c

I .965
2.021
0.855

I .082
1 .310
I .51I

2 .086
2.335
t.293

I .134
I .951
2.278

0. s45
1. 144
I .981

I .230
0.720
l.154

I .396
t.261
2.066

I .662
2.298
0.961

1 .864
I .133
2.148

I .837
I .524
2.531

55

Treatment yieìd
(kg/plant)'

A
B

c

A
B

c

3

I
3

5

I
2

1.614 t 0.380

A
B

c

A
B

c

1.301 r 0.124

3
5

2

3
3
I

i.905 t 0.3i4

ltl=3, 
Hean t s.E.

A
B

c

A
B

c

I .788 r 0.340

I
0
5

2
4
1

0
0
0

1.223 t 0.416

1.035 ! 0.159

I .574 t 0.249

1.640 t 0.386

I .715 r 0.302

I .964 r 0.298



Tabl e 6. Marketabl e

corrected
1989.

Treatment

56

yield of plants in experimental treatments,
by anaìysis of covarjance for the effect of aph'ids,

000
000
000

001
001
001

003
003
003

100
100
100

10t
i01
101

103
103
103

200
200
200

201
201
201

203
203
203

Pl ant

A
B

c

A
B

c

Yield
( kg/pl ant)

A
B

c

A

B

c

I .693
t.726
1.595

I .502
I .545
I .545

I .481
I .481
r.470

I .564
t.6?9
1.564

t.492
I .319
r .362

I .353
I .332
I .363

r.7?5
r.725
I .790

1 .480
t.437
I .652

I .524
1.503
I .534

Treatment yield
(kg/pl ant)'

A
B

c

A
B

c

A
B

c

t.672

1.531

tx=3, ll""n

1.477

A
B

c

A
B

c

I .586

r.391

I .349

t.746

1 .523

1.520



Tabl e 7. Marketable yield of non-experìmenta'l plants, 1989.

Source of pl ants

Cl eared Row

Non-Cl eared Row

Reservoir Plot

Portage Sampl i ng P'lot

Commercial Field

t¡|".n . s. E.

5

5

15

30

30

Yield
( kg/pl ant )'

57

t.782 r 0.125

1.503 r 0.210

0.892 r 0.450

0.176 r 0.044

1.877 ! 0.202



Table 8. Marketable yield of alì experìmental and non-experìmental
pì ants, i990.

Source of p'lants

llorden
Experìmental treatments :

000

001

003

005

100

101

103

105

Cl eared row

Non-cl eared row

Reservoi r p'lot

t{i nkl er
Experimental treatments

000

005

6

6

6

6

6

6

6

6

6

6

15

Yield
( kg/pl ant )'

58

3 .945 r 0. 194

4 .247 r 0.338

3.616 t 0.521

3.337 1 0.532

3.537 r 0.881

2.968 ! 0 .777

2.371 r 0.945

I .408 Ì 0.604

1.944 r 0.352

1.560 r 0.161

1.015 r 0.059

Non-cl eared row

Reservoir pìot

Commercial field

tl,l".n r s.E.

6

6

6

l5

l5

2.076 t 0. 268

2.227 t 0.337

I .401 t 0.255

1.094 t 0.090

0 .767 r 0.069



Tabl e 9. Calculated econom'ic jniury levels for yieìds and
typìcaì 'in Manitoba. Iniury levels are expressed
numbers of potato fl ea beetl es per pì ant over the
season. (CPB = Colorado potato beetìe).

Control
costs t

($/ha)

Ear'ly season
injury by

CPB

17

27

37

No
Yes

No

Yes

No
Yes

tt*trd". costs of insecticides (l Canadian/ha) and cost of aerial, appl.ication ($9.26-11.1Zlha).
zAssuning narket valr¡e of 3132/t.

15

3ll
9

18

Expected Yield' (t/ha)

323
t4

335
19

59

control costs
as peak
growi ng

307
7

3t7
t2

327
16

2L 24

305
6

313
10

322
14

303
5

310
9

318
t2

27

301
5

308
I

30

300
4

306
7

312
9

315
1l



Figure 1. txperimentaì cage
Manitoba,1989.

60

at University of Manitoba Campus, ['linnipeg,





Fìgure 2. Experimentaì cage
I'lorden, l'lanitoba,

62

at Agriculture Canada Research Station,
1990.





Figure 3 Relat'ionship between mean marketable yìeld and peak numbers
of potato flea beetles per pìant (Y=1.619-0.000325X) for
caged p'lants in the experimental pìot, 1989. (CPB = Colorado
potato beetle; 0X, 1X, 2X = multipìes of naturally occurring
field densities of Colorado potato beet'les).
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Figure 4 Relationsh'ip between marketable yìeld (mean t s.e.) and peak
numbers of potato flea beetles IY=4.422-0.00163X (upper
ljne); Y=3.488-0.00292X ('lower line)l for caged pìants at the
Morden experimentaì pìot, 1990. Note: poìnt for treatment
with 0 potato flea beetles and 0 Colorado potato beetles was
omitted from the analysis. (CPB = Colorado potato beet'le).
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F'igure 5. Relationshjp between marketable yield, as a percentage of
control yield (mean t s.e.) and peak numbers of potato flea
beetles (Y=111.935-0.0412X) for piants with no early season
Colorado potato beetle jniury. Plants were grovrn 'in cages at
the l,lorden experimental plot, 1990. Note: point for
treatment with 0 potato flea beetles was not'included in the
cal cul at'ion of the regress i on .
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Fìgure 6. Rel at'ionshi p between
control yield (mean t
beetl es (Y=100.000-0.
Col orado potato beetl
the l,lorden experiment

70

marketable yield, as a percentage of
s.e.) and peak numbers of potato f'lea

09878X) for plants with early season
e jnjury. Plants were grotrn in cages at
al plot, 1990.
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Appendix l. Mean (t S.E.) numbers
Manitoba, 1989. (DAP

number; PFB = potato

of insects in
= days after

flea beetles).

the Portage sampling pìot located at Portage ìa Prairie,
pìanting; tilPBS = whole-pìant bag sampling; I-IV = instar

Col orado potato beetl es/Pl ant
PFB

/pl ant

IVIIDAP

Sarople
fype III Adults Egg masses AduIts

Date

27 June

3 JuIy

10 JuIy

17 JuIy

24 July

31 JuIy

I Aug,.

14 Aug.

21 Au8.

28 Aug.

VisuaIl
tiPBs¡

VlsuaI
9JPBS

VlÊual
HPBS

VlsuaI
WPBS

Vleual
WPBS

Vlsual
t{PBS

VlsuaI
I.¡PBS

Vlsual
WPBS

VIsuaI
T{PBS

Vlsual
t,¡PBS

0.0 r 0.0
0.0 r 0.0

5.6 r 3.3
4.0 t 2.4

12.3 t 4. 3

6.9 r 5.1

3.0 t 1.5
2.9 r 1.8

0.0 r 0.0
0.0 t 0.0

0.0 r 0.0
0.0 r 0.0

0.0 t 0.0
0.0 t 0.0

0.0 r 0.0
0.0 r 0.0

0.0 r 0.0
0.0 r 0.0

0.0 t 0.0
0.0 t 0.0

0.0 t 0.0
0.0 t 0.0

0.5 r 0.5
2.9 t 1.7

26.5 tI?.9
11.0 r 4.8

11.7 r 3.5
10.8 t 4.3

0.0 r 0.0
0.2 r 0.1

0.0 r 0.0
0.0 r 0.0

0.0 r 0.0
0.0 r 0.0

0.0 t 0.0
0.0 r 0.0

0.0 t 0.0
0.0 t 0.0

0.0 r 0.0
0.0 t 0.0

0.0 r 0.0
0.0 r 0.0

0.0 r 0.0
0.0 r 0.0

LO.Z t 2.5
8.3 r 2.8

7.8 r 1.6
9.5 x 2.7

0.0 r 0.0
0.3 t 0.2

0.0 r 0.0
0.0 I 0.0

0.0 r 0.0
0.0 t 0.0

0.0 r 0.0
0.0 r 0.0

0.0 t 0.0
0.0 r 0.0

0.0 r 0.0
0.0 r 0.0

0.0 r 0.0
0.0 t 0.0

0.0 r 0.0
0.0 r 0.0

8.9 t 3.0
6.5 r 2.1

16.5 r 3.5
20.3 I 3. 1

3.4 r 1.4
4.9 t 1.4

0.1 r 0.1
0.5 r 0.2

0.0 r 0.0
0.1 r 0.1

0.0 r 0.0
0.0 r 0.0

0.0 t 0.0
0.0 r 0.0

0.0 r 0.0
0-0 r 0.0

0.3 r 0.2
0.4 t o.2

0.3 r 0.2
0.1 I 0.1

0.1r 0.1
0.1r 0.1

0.1t 0.1
0.1 r 0.1

0.7 t 0.2
1.1r 0.7

8.9 r 1.4
11. 1 r 2.8

15.5 r 2.1
LO.6 t 2.4

18.4 r 2. 9

2.2 r 0.6

L5.3 t 2.6
5.1 r 1.0

7.3 t 1.5
7.6 r 1.8

1.4 r 0.3
1.1t 3.9

1-5 t 0.4
1.7 r 0.4

0.4 t 0.2
0.5 r 0.2

0.1 t 0.1
0.1 r 0.L

0.7 t o.2
0.1t 0.1

0.0 t 0.0
0.1t 0.1

0.8 r 0.3
1.1r 0.3

1.110.5
0.6 t 0.2

0.2 r 0.1
0.1r 0.1

0.0 t 0.0
0.0 r 0.0

-2

9.7 r 1.5

8.3 r 1.4

,.r, t.,

6.4 t 2.1

o.a , 0.,

5.3 t 0.9

tr.u , o.a

1.1 t 0.3

I.., r 0.,

5.7 t t.2

31

37

51

58

65

73

79

86

93

tN- 15tFo[it" fl.a bo.tl. ôdulti H.r. not 3ômplod by thl5 t'chnlquo'
!
N



Appendix 2. Mean (t S.E.) numbers of Coìorado potato_beetlg!/plant from weekly inspections of the non-
cleared row at the Morden experimental plot, 1990. (DAP = days after pìant'ing; I-lV =

instar number).

Colorado potato beetles/plant'

Date IVIIIIIDAP Adul ts Egg masses

25 June

4 Juìy

9 July

16 July

23 July

30 July

6 Aug.

13 Aug.

20 Aug.

27 Aug.

3 Sep.

l0 Sep.

0.0 t 0.0

5.2 t 3.2

0.7 t 0.5

0.0 t 0.0

0.5 t 0.3

0.0 t 0.0

3.2 t 2.2

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 r 0.0

1.7 x 1.7

1.7 r 0.9

0.0 t 0.0

0.7 t 0.7

0.0 t 0.0

1.5 t 1.3

0.2 t 0.2

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 r 0.0

0.0 t 0.0

0.0 t 0.0

2.7 t 2.7

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

I.3 t 0.9

0.2 t 0.2

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.2 t 0.2

0.0 t 0.0

0.0 t 0.0

0.3 t 0.3

1.0 t 0.6

1.3 t 0.7

0.0 t 0.0

0.0 t 0.0

0.0 t 0.0

0.3 t 0.2

0.0 t 0.0

0.2 x 0.2

0.2 t 0.2

0.5 t 0.3

1.2 t 0.6

4.0 t 0.7

3.0 t 1.3

4.2 x 2.2

0.2 x 0.2

0.0 t 0.0

0.0 t 0.0

0.3 t 0.2

0.3 t 0.2

0.2 t 0.?

1.8 t 0.5

0.5 t 0.5

0.7 t 0.3

0.5 t 0.2

1.7 t 0.9

0.0 t 0.0

0.0 t 0.0

0.0 r 0.0

0.0 * 0.0

34

43

48

55

62

69

76

83

90

97

104

lll
-_J(,

1
lt=ó



Appendix 3. Mean (t S.E.)
samp'l i ng pì ot

Date

27 June
2 Ju'ly

l0 July
17 July
24 July
3l July
8 Aug.

i4 Aug.
21 Aug.
28 Aug.

heìght of
'i n 1989 .

potato pì ants at the Portage

Days after
p1 ant'i ng

tN=30

3l
37
44
51

58
65
73
79
86
93

Height(cm)'

74

12.0 r 1.0
23.0 r 1.1
34. 5 t 0.9
41.4 r 0.9
43.9 r 1.7
45.8 t I .4
48.1 r 1.6
47.0 t I .9
47.9 ! 2.3
45.9 t I .6



Appendix 4. Mean height (cm t S.E.) of
at the l4orden experimental
NCLR = non-cleared row).

pìants in experimental treatments, cleared and non-cleared rows

þlot, 1990. 
' 

(DAP = days after pìant'ing; CLR = cleared row;

Experimental treatmencl

005 103100 101 105 CI.R NCI,RDate DAP 000 001

25 June

4 July

9 July

1ó July

23 July

30 JuIy

6 Aug.

13 Aug.

20 Aug,.

27 Aug.

3 Sep.

10 Sep.

34 26.0 x r.3

43 39.2 r 1.5

48 45.0 r 0.9

55 53.0 r 1.2

62 62.3 t 4.3

69 63,5 t 2.1

76 62.5 r 1.8

83 74.5 r 4.2

90 65.7 t 2.8

97 67 .3 t 3.7

104 60.3 r 4.8

111 61.0 i 4.9

18.3 t 1.6

34 .3 r 1.6

44.0 x 2.7

52.5 ! L.7

55.0 r 4 .0

61.8 r 3. 9

65.5 r 3.4

72.O r 3.0

72.3 t 3.5

63.5 r 5.9

55.3 r 4.6

60.2 t 6.2

19 .3 r 1.3

34.5 t Z.L

42.7 
' 

L.O

51 .7 r 1.5

59.0 t 2.7

64.8 r 2.3

63.5 t 2.9

ó1.7 r 4 .3

59.3 r 3.2

59.3 r 3.6

53.8 r 2.1

60.0 r 3. 1

15.3 r 2.0

29.0 r 1.5

37.O t 2.0

48.3 
' 

2.6

55.3 r 3.8

58.0 t 2.5

59.5 r 1.3

56.2 t 2.L

52.2 x 2.9

59.8 t 2.6

47.0 r 1.9

51.0 I 3.5

19.0 r 2.0

31.5 t 2. 4

4L.5 t. 2.7

48.7 t 2.5

55.2 t 3.4

59.2 t 2.3

54 .0 r 1.9

60. 5 r 1.9

56.5 r 3. 1

60.7 t 4.6

49.8 r 2.8

57 .5 t 2.2

L8.2 x 1.7

30.8 r 4 .4

38.3 t 4.2

44.0 r 2.8

52.7 t 3.7

52.2 t 3.5

54.3 r 2.8

53.2 t 4.5

50.7 t 3.7

54.7 t 4.2

48.7 r 4.5

54 .0 t 6.0

15.5 r 1. 1

30.5 t 2.2

36.2 t t.6

43.8 r 2.9

48.2 t 3.0

50.2 r 1.6

47 .7 t 3.0

59. 7 t 3.8

54.7 X 4.0

61.5 t 4 .7

50.8 r 3 .0

52.3 x 4.6

11..5 r 1.4

26.8 t 2.5

30.7 x 2.5

31.8 r 1.4

39.0 t 1.8

45.3 ! 1. 5

47 .Z t L.!

54.7 t 1.5

49. 0 r 1.9

49.8 r 1.8

46.0 r 1.1

46.7 t 2-L

20 .5 r 3.3

32.2 t 3.0

36.8 r 2.6

45.8 r 1.9

5L.2 t 2.0

57. I r 3.0

56.0 t 2.2

60. 5 r 3.3

58.3 t 2.3

54 .3 r 3.4

51. 7 r 3.8

54.O t 2.6

18.3 t 2. 0

30.0 r 1.7

35.5 r 1.5

44.0 t 2.L

47.5 r 3.O

55.0 t 2.5

49.7 t 3.7

57.5 t 4.0

53.7 r 3.2

56 .0 r 3.7

52.5 r 3.6

52.8 r 3. L

rN-6/Tr.ôtmont

!
(Jl



Appendix 5. Mean height _(cmat the þlinkler

Date

t S. t. ) of p'l ants
experimental plot,

26 June
4 July

l0 July
l7 July
24 July
3l July
9 Aug.

I 5 Aug.
22 Aug.
29 Aug.
3 Sep.

10 Sep.

Days after
pl ant i ng

76

in experimental treatments
1990.

32
40
46
53
60
67
76
82
89
96

101
108

1N=ó/Treatrent

Experimental treatment'

000

rt.l ! 2.1
29.8 r 1.4
43 .3 t 2.0
57.3 r 2.3
62.7 ! 2.0
58.2 t 1.8
46.5 t 2.0
53.7 t 3.3
64.3 r 1.5
50.7 t 3.1
41.5 t 2.8
40.0 ! 2.4

005

l?.5 ! 2.1
30.2 t 2.5
41.5 r 3.3
55.8 t 4.6
45.2 r 5.9
53.8 t 3.8
59.3 r 3 .9
61.0 r 2.7
53 .2 r 4.0
39.7 t 3 .6
4t .3 r 2.6
40.3 r 3 .6



Appendix 6. Numbers of tubers and their totaì mass (g), by size grade, for jndivjdual pìants' 1989.

Maximum tuber diameËer (D cm)

PIant <3.8 3.8<Dl4 .4 4.4<D<4 .8 4.8<Df5. 1 5. 1<DS5.7 5.7<DS7 .0 7. 0<DS7 . 6 7.6<D111.4 TotaI

Experlmental Plot
o00A

0008

000c

0014

00 18

00 lc

003A

0038

003c

100A

1008

100c

1014

10 18

10 lc

1034

1038

103c

No. :

Masg:
No. :

Masa:
No. :

Hass:
No. :
Mags:
No. :

Mass:
No. :

Mass:
No, :

Mass:
Ho. :

Hass:
No. :

Mass:
No, :

Mass:
No. :

Mass:
No, :

Mas6:
No. :

Mass:
No. :

Mass:
No. :

Mass:
No. :

Hass:
No, :

Mass:
No, :

Mass:

3

57 .9
3

40.8
4

159. I
3

26 .5
5

67 .7
3

22.6
2

55.3
5

86.5
3

34 .4
0
0

2
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Appendix 6. Continued.

Maximum tuber diameter (D cm)
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Appendix 6. Continued.

Maximurn tuber diamecer (D cm)
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Appendix 6. Continued.

Maxlmum tuber diameter (D cm)
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Appendix 6. Continued.

Maximum tuber dÍaroeter (D cm)
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Appendix 6. Continued.

I'faximum tuber diameter (D cm)
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Appendix 6. Conti nued.

Maximum tuber diameter (D cm)
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Appendix 7. Numbers of tubers and their total mass (g), by size grade, for individuaì plants, 1990.

Maximum tuber diameter (D cm)
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Appendix 7. Continued.

Maximum Èuber diameter (D cm)
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Appendix 7. Continued.

Maximum tuber diameter (D cm)
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Appendix 7. Continued.

l,faximum tuber diameter (D cn)
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Appendix 7. Continued.

Maximun tuber diametser (D cm)
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0
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0

0
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0
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0

0

0

0

0

0

0

0

3

19. 5
0
0
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Appendix 7. Contjnued.

Maximum tuber diameter (D cm)

<3.8 3.8<DS4 .4 4 .4<DS4. I 4.8<Df5.1 5. 1<DS5.7 5.7<DS7 .0 7 .0<D<7 .6 7.6<DS11.4 TotaIPlant

lllnkler ExperLmental Plot (Contlnued)
NONCLR#2 No.:

Mass:
NONCLR*3 No.:

Mass:
NOIICLR#4 No. :

Magg:
NoNcLRirs Ho.:

Hasg:
NONCLR#6 No.:

Masg:

I
34 .4

2
43 .6

1

29.6
0

0

1

6.7

0

0

1

36.8
3

t32.0
2

77 .9
2

73 .4

0

0

0

0

0

0

3

131.5
0

0

2
96.7

1

51. I
0
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0

0

I
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0

0

2
108.4

0

0

1
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1
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3
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0

1
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0

0

0

0

1

92 .8
0

0

1

49.2
0

0

1

116. 1

0

0

2
160. 6

0

0

1

91.8

0

0

1

57.O
1

80.1
2

320 .6
0

0

1

246 .4
0

0

1

80.9
4

7 5r.4
3
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0

0

5

1713.8
0

0

1

365. 4

5

1389.3

0

0

3

660.4
2

370. 5

3

682.7
2
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3

488. I
3
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0

0

4

794.8
1

249 .6
1
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0

0

2
L337 .4

0

0

0

0

0

0

0

0

0

0

1

338.8
0

0

0

0

0

0

0

0

1
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,
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0

0

0

0

1

227 .8
1

236 .4

4
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7

407 .4
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11

t937 .7

3
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5
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5
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l3
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5

809 .2
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9

L594 . 9

4
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4
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L447 .4
3
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0

0

0

0

0

0

0

0

0

0

RES+1'

RES'2

REST3

RES+4

RES*5

RE5+6

RES+7

RES*8

RES'9

a¡s#10

RES+11

RESill2

No. :

Maes:
No. :

Mass:
No. :

Mass:
No. :

Mass:
No. :

Mase:
No.:
Mass:
No. :

Mass:
No. :

Mass:
No.:
Mass:
No. :

Mass:
No. :

Mass:
No. :

Masg:

2
287 .L

I
L32 .4

2
297 .L

5
76t.9

0

0

I
82. 1

3

391.8
1

96 .4
0

0

5
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0

0

1

80.0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1
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1
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0

0

0

0

0

0

1

L7 .4
0

0

3
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0

0

0

0

0

1

37 .2
0

0

0
0
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0
0

0

1
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0

0
3
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0

0

1

87 .7
0

0

0

0

1
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0

0
3

27 L.6
Co
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Appendix 7. Continued.

Maxirnum tuber diameËer (D cm)

<3.8 3.8<DS4 . 4 4.4<Df4 . I 4 .8<0f5. 1 5. 1<DS5. 7 5. 7<DS7 .0 7.0<DS7.6 7.6<DS11.4 ToLaI

I{lnkler Reservolr Plot (Contlnued)
RES#13

RES#14
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No. :
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No. :
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No. :
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0

0

0

0

1

33.4

0

0

1

8.0
0

0

0

0

0

0

0

0

6
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0

0

0

0

7
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2

54 .5
0
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1
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2
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0

0

0

0
0

0
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1
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0

0

0

0
0

0
0

0

1
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1
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0

0
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0

0

4
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0

0
1
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2
180.4

I
75. 5

0

0

0

0
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1

78.7
3

349.3

4

840.2
3

596.3
3

617.8

1

208. 5

0
0
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3
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2
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0

0

1
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1
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2
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0

0

0

0

1

!48.2
t
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1
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t
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0

0

I
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6

L287 .6
9
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I
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7
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5
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4
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3
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5
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2
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5
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I
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7
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0

0

0

0

0

0

0

0

0

0
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0

0
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0

0

0

0

0

0

0

0

2
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0

0

0

0

0

0

0

1
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0

0

0

0

5
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3
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0

0

0

0

0

0

I
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4
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2
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0

0

1

105.9
2
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3
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1
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4

559. 1

2
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2
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0

0

1
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1
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1
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I
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1
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2
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4
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2
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0
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0
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0

0
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Appendix 7. Contjnued.

l.faximum tuber diameter (D cn)
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Abstract

In 1989 and 1990, cv. Russet Burbank potato plants were grown in

cages in field pìots, and potato flea beetles, Epitrix cucuneris (Harris),

and Colorado potato beetles, Leptinotarsa decenlíneata (Say), were

introduced in d'ifferent multjp'les of natural'ly occurring field densities.

Colorado potato beetles were jntroduced only jn the early part of the

growing season, but potato flea beetles were'introduced for the duration

of the season. Feeding punctures were counted each week jn terminal

leaflets from the lower, middle and upper thjrd of p'lants; in addjtion,

punctures were counted ìn non-termìnal leaflets from the upper third of

pìants. Behavjoral models were deve'loped to describe the spatiaì and

tempora'l pattern of flea beetle feed'ing. Results indicate that a sw'itch

in feedìng preference from lower to middle and upper leaflets occurred

after the period of peak fìea beetle abundance. Hìgh densities of flea

beetles reduced the rate of feedìng per jndividual and may alter the

pattern of feeding preference by causing beet'ìes to dìsperse more evenly

throughout the pì ant. Di srupti ons to the genera'l i zed upward feed'ing

movement may further be related to changes in plant microenvjronment.

A prel'iminary population model was also derived, wh'ich established a

relationship between average feedjng punctures per leaflet and accumulated

flea beetle weeks. This relatjonship enables the est'imation of flea

beetle numbers per p1ant, but is very sensitive to the accuracy of feeding

puncture counts.
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Introducti on

The potato flea beetle, Epitrix cucuneris (Harris), is a common pest

of potatoes in l4an'itoba and undergoes one generation per year (Senanayake

1987). Injury to potato p'lants is primarily caused by the adults, wh'ich

chew small round holes in the leaflets. Larvae feed on the fine rootlets

of plants and, on rare occasions, the tubers (Co1e l95l; Thompson 1987).

Adult feedìng punctures usually penetrate the entire thickness of the

I eaf I et often g'ivì ng them the appearance of beíng "peppered w'ith f i ne

shot" (Cannon 1949). Feeding punctures are approx'imately I mm in djameter

and are general'ly encircled by an area of necrotic tissue (Ladd 1963).

Amaìgamat'ion of punctures, in extreme cases, causes severe leaflet

desiccation and death. In the Canadian I'laritime Provinces, the summer

generation of potato flea beetle, if uncontroìled, fiâY cause sign'ificant

yìe'ld losses in cv. Russet Burbank potatoes (Thompson 1987).

A prefiminary economic injury level has been developed for the potato

flea beetle feeding on cv. Russet Burbank potatoes (Chapter III, Part I of

th js thes'is); this 'injury level was expressed as numbers of beetles per

pìant. However, dens'ities of potato flea beetìes per p'lant are extremely

difficult to determine in the field because of the small size and extreme

mobility of the adults. Accurate estimates can be obtained only by who'le-

plant bag sampling, but thìs technique is too complex for use jn rout'ine

monitoring (Senanayake and Holliday 1988). Visual sampling and sweep-net

sampling lack sufficient precision or accuracy, or have seasonal changes

in effjciency (Senanayake and Holliday 1988). An alternative method for

obtaining an index of potato flea beetle density might be derived from
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countjng feeding punctures per leaflet. However, w'ithout knowledge about

the way in which feeding punctures accumulate, such an index of damage is

of lìttle use.

particularly with respect to how feeding punctures per leaflet relate to

popu'l at j on numbers or reducti ons i n y'ieì d. Accordi ng to Thompson (1987) ,

the old recommendat'ion jn the Canadjan Atlantic Provinces stated that, if
an average of l5 feeding punctures per fourth termjnal leaflet down from

the apex of the pìant can be found, an insecticjde should be appfied.

However, studjes from Prince Edward Island jndicate that numbers of

feedjng punctures are extremely variable fromyear to year, but that there

js little accompanying change in yield loss (Thompson 1984; 1985; 1987).

Very little research has been done on the potato flea beetle,

In l'lanitoba, economjc loss was found

densities of 65-75 feeding punctures per leaflet or greater were found on

the bottom sjde of lower term'inal leaflets at two weeks past first bloom

(Senanayake 1987). This study correlated yield loss with feeding

punctures at a time when effective control decisions could be made, but

djd not attempt to modeì how the accumulation of holes changed on varjous

strata of the pìant at various insect densities.

The objectives of this study were to examine the spatial and temporaì

patterns of accumulatjon of feedjng punctures by potato flea beetle on cv.

Russet Burbank potato pìants, and determine if feeding punctures can be

used to calculate actuaì popuìation numbers of this insect.

llateri al s and f{ethods

to occur i n cv. Norl and when

Experiments took p'lace'in 1989 at t{innipeg and Portage ìa Prajrie,
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Manitoba and in 1990 at l.torden and llinkler, I'lanitoba. The design of

plots, experimental treatments and experimental act'iv'ities are described

in the materjals and methods sect'ion of Part I of thìs chapter.

In 1989, pìants sampìed for insects in the Portage sampling plot were

also sampled for potato flea beetle feeding punctures. For thìs purpose,

pìants were stratified into three strata, corresponding to the lower,

middle and upper third of fol'iage. One terminal leaflet from each of the

lower, middìe and upper strata of each plant was examjned, and the potato

flea beetle feedìng punctures per leaflet t{as counted. In additjon,

punctures t{ere counted on one upper non-termi nal I eafl et, I ocated

immediateìy adjacent to the aìready selected upper terminal leaflet. For

plants samp'led by whoìe-pìant bag samp'ling, leaflets were randomìy chosen

and examined in the'laboratory. Visually sampled plants had leaflets

removed in the field for subsequent ìaboratory examination. Feedìng

punctures were counted only'if they penetrated the entire th'ickness of the

leaflet. The size of jnd'ivjdual feeding punctures was considered to be I

mmt or less (Ladd 1963; Senanayake 1987); larger lesions were assumed to

be composed of a number of feedìng punctures, and this number l{as

estimated. Owing to the small size of p'lants early in the growing season,

feeding punctures counted during the weeks of 27 June and 3 July l{ere

considered to be from the lower stratum. After this time all strata were

samp'led at weekly intervals until the week of 28 August.

Also'in 1989, feeding punctures were counted from caged plants jn the

experimental plot in blinn'ipeg. Holes in leaflets v{ere counted, as

described above. The four leaflets to be sampled were removed from the
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exper jmental pì ants before the week'ly manipul at'ions of ìnsect numbers

(Chap. III, Part l, Table 2). Leafjets were examined from all strata at

week'ly intervals from 12 July, one week fo'l'ìow'ing the 'introduction of

'insects, untjl the week of 7 September.

In 1990, feeding punctures per leaflet were counted from the Morden

and l.linkler experimental pìots as in 1989; however, three term'inal

leaflets per stratum and three non-termjnal leaflets were exam'ined per

plant. tach week, feedjng punctures were counted from alì experìmental

p'lants before numbers of potato flea beetles were manipulated (Chap. III,

Part l, Table 4). Leaflets were examined from 6 August, one week after

the fjrst jntroduction of potato flea beetles, untjl the week of 10

September.

Data were analyzed by analysis of varìance (ANOVA), anaìysis of

covariance (ANCOVA), linear regression, muìt'ipìe regression and univariate

and multivariate repeated measures analysis (l'lilkinson 1990).

Resul ts

The readeris referred to the appendices for detajled data about the

numbers of feeding punctures per leaflet at the Portage samplìng plot in

1989 (Appendix 8), feedjng punctures in experimental treatments 'in 1989

(Appendix 9) and feedìng punctures in experìmental treatments in 1990

(Appendix 10).

At the Portage sampl i ng pl of i n 1989, several probl ems were

encountered over the course of the grow'ing season. Potato plants faced

severe competition from weeds, which reduced their foliage area and

vigour. Also, ìarge infestations of Colorado potato beetles necess'itated
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the spray'ing of i nsect'ici de to prevent the crop f rom be'ing total ì y

defoliated (refer to Chap. III, Part l, Materjals and Methods sect'ion).

Therefore, dens'ities of potato flea beetles and their associated numbers

of feed'ing punctures were not representative of a commercial field.

Furthermore, a tendency to overestimate numbers of feed'ing punctures 'in

ear'ly season, by scoring Colorado potato beetle'iniury as that of potato

flea beetle, casts doubt on the reliab'ility of thjs data set. For these

reasons, the Portage sampì'ing pìot feeding puncture data have been omitted

from any anaìyses in this study.

The data set from the experì mental pl of j n l{'inn Í peg, i989, was

modified prior to ana'lyses. All feeding puncture data prior to 9 August

(72 days after pìanting) were omitted from analyses because Colorado

potato beetle jnjury was mistakenly scored as that of potato flea beetle.

By two-way ANOVA, Colorado potato beetle (F=2.0; d.f.=2,191) and the

interaction between Colorado potato beetle and potato flea beetie (F=1.0;

d.f.=4,191) were found to have no significant effects on the numbers of

feeding punctures produced. Hence, treatments were pooìed over all

Colorado potato beetle densities.

In genera'l , the 1990 feed'ing puncture data f rom the Morden

experimentaì p'lot was used for the development of models to describe both

the nature of potato flea beetle feeding and to estjmate potato flea

beetle numbers from feed'ing punctures. Feeding puncture data from the

l,linkler expe¡imental plot, were based on one dens'ity of flea beetìes, and,

owing to a lack of abundance, had fewer potato flea beetles per treatment

than in Morden. For these reasons, the þlinkler data were unsuitable to
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pool wjth the Morden data for the development of models. The i989 data

set was used only to va'ìjdate findings from 1990 because plants in 1989

suffered late season injury by aph'ids, llacrosiphun euphorbi ae (Thomas) and

llyzus persicae (Suìzer), which may have altered potato flea beetle feeding

responses.

Behavi oral l{odel I i nq

The purpose of this mode'|1ìng was to determine what factors affected

the accumul ati on of feedi ng punctures and where feedi ng punctures

accumulated on p'lants over the course of the growìng season. The

dependent variable in these models was the estimated number of feed'ing

punctures produced in a sampled leaflet per week per flea beetle. This

was termed the incremental number of holes per week per potato flea beetle

(INC) and 'is:

D -D¡ t+l I t

PFB

where P. is the number of holes per leaflet at the beginning of the week

and P.., js the number of holes per leaflet at the end of the week, and PFB

.is the number of potato flea beetles on the pìant that week. Note that

P.*, and P. are for different leaflets of the same stratum.

preìim1nary anaìys'is showed that it was preferabìe to pooì the 1990

data jnto three t'ime periods, corresponding to sampling dates preceding,

during, or folìowing the peak of flea beetle abundance. Hence, for 1990'

data from the two weeks preceding and following the peak of flea beetle

abundance were separateìy pooled prior to analysìs. By ANCOVA, 'it was

INC =



determi ned that:

where INC = ìncremental holes per week per potato flea beetle; bo-. =

estimates of coeffic'ients for regression variables; PFB = number of potato

flea beetles that week; and STRATA = stratum where feeding punctures

occurred. For th'is model, aìl treatments having zero potato flea beetles

were not jncluded, because INC would háve zero as a denom'inator. From

this relationsh'ip'it was shown that,'in 1990, the effect of flea beetles

was s'ignjficant at the peak (F=10.3; d.f.=1,19; P<0.01) and past the peak

(F=5.6; d.f.=1,43; P<0.05) of potato flea beetle abundance (Table 10), and

that the effect of leaflet stratum on the number of new feeding punctures

per beetle was only s'ignificant during the week of peak insect abundance

(F=16.0; d.f.=3,19; P<0.001) (Table 1l). Examination of the least squares

means indjcates that no clear preference existed for any stratum prior to

peak flea beetle abundance, but during this peak lower leaflets were

preferred (Tab'le l1). Although not signif icant, jn the period follow'ing

peak flea beetle abundance, all other leaflets were preferred over lower

ones. Contrasts for the effect of leaflet strata on incremental holes per

week per potato flea beetle show that lower leaflets were sjgn'ificantly

more preferred than all others during the period of peak ìnsect density

(F=40.0; d.f.=1,19; P<0.001), but after this peak, beetles tended to

prefer feed'ing on middle and upper leaflets, although this was not qu'ite

sign'ificant (F=3.7; d.f .=1,43; P<0.1). No other s'ignificant contrasts

were found among I eafl et types.

INC = bo + b,PFB + bTSTRATA

100
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Because peak numbers of flea beetles occurred jn d'ifferent weeks in

1989 than 1990, i t was not possi b'le to poo'l the same number of weeks

before and after the peak of flea beetle abundance for each year. The

1989 data subset conta'ins average numbers of feed'ing punctures for the

three weeks preceding, one week during and one week fol'lowing peak flea

beetle abundance. Therefore, data were pooìed for the three weeks prior

to peak abundance onìy.

The effect of flea beetles, in 1989, r{as not s'ignìficant over the

three time periods tested (Tabìe 10), however, the effect of leaflet

strata on the number of feeding punctures was s'ignifjcant before (F=5.1;

d.f.=3,67; P<0.01) and after the period of peak insect abundance (F=5.2;

d.f.=3,19; P<0.01) (Tab'le ll). Examination of the least squares means for

each stratum indicates that before the week of peak insect density, all

non-lower leaflets, especiaìly the upper non-terminals, were preferred

over Iower Ieaflets (Tabìe 1l). During peak f'lea beetle abundance, no

obvious preference for any stratum was evident. After the peak, both

upper and upper non-terminal strata seemed to be preferred over the lower

and middle strata. Contrasts of leaflet strata on incremental holes per

week per potato flea beetle showed that lower leaflets were significantìy

less preferred than all others durìng the period prior to peak insect

density (t=12.2; d.f.=1,67; P<0.001). After peak abundance, beetles

preferred feeding on upper and upper non-terminal leaflets over those in

the lower and m'iddle strata (F=9.7; d.f .=1,19; P<0.01).

A second behavioral model was developed to try to expìain why potato

flea beetìes preferred to feed in different strata over the course of the
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season. It was found that the variability partitioned by the variable

STRATA'in the previous model could be exp'lained by the number of feed'ing

punctures in leaflets at the beginn'ing of the week. By ANCOVA from the

1990 data, it was found that:

INC = bo + b,PFB + b'PREVH0LE

where INC = incremental holes per week per potato flea beetle; PFB =

number of potato flea beetles'in that week; and PREVHOLE = previous number

of feeding punctures per leaflet. Again, the time periods preceding,

duri ng and foì'low'ing the peak abundance of potato fl ea beetl es were

examined. By ANCOVA, it was determined that the only weeks of the 1990

data whjch could be pooìed for anaìyses were the two after the peak; the

two weeks before the peak had sign'ificant jnteract'ions between PREVH0LE

and a variable representing time and were therefore analyzed separateìy.

Du¡ing the three time periods tested, the effect of potato flea

beetles was sign'ificant to the modeì only during peak flea beetle

abundance (F=8.2; d.f.=1,21; P<0.01) (Tabìe 12). The effect of previous

feed'ing punctures rras highly significant from 6 August to 12 August

(F=13.4; d.f.=1,21; P<0.01) and approached s'ign'ificance du¡ing (F=4.3;

d.f.=1,21; P<0.1), and after (F=3.6; d.f.=1,45; P<0.1) peak potato fìea

beetle abundance. Coefficients for PFB show a decreasìng trend for

punctures

negatì ve

For

peak of

per beetle over the season, while the effect of PREVHQLE is

before and after peak abundance.

the 1989 data subset, no Pooìing of

potato flea beetle abundance, again

weeks was done before the

due to the interaction of
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pREVH9LE with a variable representing time. The effect of incremental

potato flea beetles was sìgnifjcant on'ly during the second of the three

weeks preceding the peak of abundance, from 9 - 14 August (F=5.8;

d.f.=1,21; P<0.05) (Table 12). The effect of PREVHOLE was sìgnificant in

the fjrst two of the three weeks preceding peak flea beetle abundance,

from I - 8 August (F=5.7; d.f.=1,21; P<0.05) and 9 - 14 August (F=8.5;

d.f.=1,21; P<0.01), as it was after peak abundance (F=8.0; d.f.=1'21;

P<0.05). Coefficjents for PFB show no particular trend, but are

consjstently negat'ive for PREVH0LE throughout the season.

A second type of modelling was employed to determine whether feeding

punctures could be used to estimate numbers of potato flea beetles. The

dependent variable jn thjs model was accumulated potato flea beetle weeks

(ACCUl,l), and was determjned by cumulativeìy summing the number of potato

flea beetles in a part'icular treatment each week, starting when insects

were first introduced. One potato flea beetle week was therefore

equ'ivalent to one potato flea beetle feeding on a pìant for one week.

Although several comb'inatjons of strata were satisfactory for estjmating

accumulated potato flea beetle weeks, the average number of feeding

punctures summed across the lower, middle and upper strata, not inc'lud'ing

upper non-terminal Ieaflets, was used. The relationsh'ip derived was:

ACCUM=botb,PUNCTURES

where ACCUM - ôccufiulated potato flea beetle weeks and PUNCTURES = the

average number of feeding punctures summed across a combination of strata.



Numbers of feeding punctures per leaflet were

number of accumul ated potato fl ea beetl e weeks

both 1990 (Fig. 7) and 1989 (FiS. 8). A linear relationshjp tras

s'ign'if icant for both the 1990 (t=224.4i d.f .=1,42i P<0.001) and 1989

(t=222.5; d.f.=1,48; P<0.001) data sets. In 1990, this relationship was

not signifìcantìy affected by whether plants had earìy season Colorado

potato beetle damage or not. For the 1989 data subset, as earlier

descri bed, al I treatments were pooì ed over Col orado potato beetl e

treatments, thereby not enabl'ing the effect of Colorado potato beetle to

be tested.

The Y-jntercepts of the regressions for 1990 and 1989 were -67.847

and -114.599, respectively (Figs. 7,8). For 1990, the Y-intercept was not

significant'ly different from zero (t=-1.3, d.f .=42), but for 1989' a

sign'if icant difference existed (t=-3.4, d.f .=48, P<0.01). This low

intercept may be a consequence of Colorado potato beetle damage be'ing

m1stakenìy scored as that of potato flea beetle very ear'ly jn the season.

In the previously defined population model, the variables ACCUM and

PUNCTURES were cumulatjve measures whose vaìue 'in week n were djrectly

dependant on their values in week n-1. Therefore, the normal regress'ion

model, which assumes independence of samp'les, is not a valjd means of

assessing s'ignifìcance. In order to test the statist jcal val idity of th'is

relationship it h,as necessary to empìoy a univariate and multivariate

repeated measures design. Therefore, the following model was designed and

tested:

104

good indicator of the

p'l ant had sustai ned i n



PUNCTURES(1-5) = bo +

+

where PUNCTURES(l-5)

weeks tested; STRATA
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bISTRATA +b.PFB + b.CPB + b.STRATA*PFB + b,STRATA*CPB

b6PFB*CPB + b,STRATA*PFB*CPB

PFB = number of potato flea beetles ìn that week; and CPB = number of

Colorado potato beetles in that week. In 1990, test'ing aìl treatments, 'it

was determjned that a relat'ionship existed jn which PFB (F=652.4;

d.f.=l ,176i P<0.001), and the interactions of STRATA*PFB (F=22.2;

d.f.=3,176; P<0.001), STRATA*CPB (F=22.3; d.f.=l ,176; P<0.001) and

STRATA*PFB*CPB (F=3.0; d.f.=3,176; P<0.05) were sjgnificant. Therefore,

the number of feed'ing punctures for a given leaflet in a given week is

primarily dependent on the density of potato flea beetles. Also, although

a variable represent'ing'leaflet stratum'is not necessary, the s'ignificance

number of feeding punctures for each of the five

leaflet stratum where feedjng punctures occurred;

of the interact'ion between PFB and STRATA suggests that the calculated

feeding punctures would best represent an average number summed across a

set of strata. If the significant variables in the relatjonship are

rearranged, the result'ing equation is sjmilar to the regression model of

population. Hence, the repeated measures anaìysis of the 1990 data gives

stat'i sti cal val i di ty to the popul at'ion model .

For the 1989 data subset, no variabìe representing Colorado potato

beetle was'included in the model, because data were poo'led over Colorado

potato beetle treatments. Accordingly, interaction terms containing the

CPB variable were dropped from the model as were the "ll0" treatment

values (those p'lants with early and late season by Colorado potato beetle,

but no potato fìea beetle). From this repeated measures desjgn analysìs,
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it was shown that a relationship existed, and that the only significant

variable in the model was PFB (F=78.516; d.f.=3,20; P<0.001). Although

the STRATA*PFB jnteraction term was not s'ignificant, average feed'ing

punctures for a combjnation of strata was determ'ined as prec'isely as that

for a singìe stratum. Hence, the process of summing across a set of

strata to determine an average number of feedjng punctures per leaflet was

reta'ined in the popu'lation model .

The regress'ions of accumulated potato flea beetle weeks versus

feed'ing punctures'in 1990 and 1989 (Fìgs. 7,8) were tested for coincidence

(Berenson et al. 1983), and were not significantìy different (F=0.4;

d.f.=2,90). Hence, the regression coefficients derived from the 1990 data

were used for all further calculations of accumulated potato flea beetle

weeks, as this data set was free of the complicating effects of aph'ids

wh'ich occurred in 1989.

The use of the populatjon model allowed estimat'ion of the number of

accumulated potato flea beetle weeks a plant had sustained from the number

of feeding punctures jn a given week. From these potato flea beetle week

values, the estimated number of potato flea beetles jn a week tras

calculated by subtractjng from the accumulated potato flea beetle weeks

for a given week, the corresponding value for the previous week. If

estimated potato flea beetle numbers r{ere an exact match for the actual

potato flea beetle numbers, all points would lie aìong a perfectly

strajght line with a slope of one. Aìthough the estjmated values are far

from perfect, they provide a reasonable estimate of actual potato flea

beetle populations over a wide range of densitjes (Figs. 9-11). In these
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piots, al'l points whjch were outljers or had great ìeverage were excluded.

These points were also well above 300 potato flea beetles per plant, an

area in wh'ich the economic injury'is well exceeded. The regressìons

(Fì9s.9-11) were tested to determine whether their slopes djffered

signìficantly from one and their Y-intercepts from zero. Figures g (t=-

1.5, d.f.=12) and ll (l=-2.8, d.f.=14) did not have slopes differing from

one, but the slope in fìgure 10 was significantly less than one (t=-2.770,

d.f.=14, P(0.01). None of the intercepts for the regressions 'in figures

9 (t=2.0; d.f.=12),10 (t=1.8, d.f.=14) or ll (t=0.5, d.f.=7) were

sign'if icantly d'ifferent from zero.

Di scussi on

The accumulation of feedjng punctures on a potato pìant is a very

complex process for which the results of this study are a mere preliminary

explanation. However, an attempt was made to understand the temporaì and

spatial accumulatjon of feed'ing punctures, to facilitate the use of

economic injury levels for potato flea beetle.

The two behavjoral models developed in this paper may a'id in

explaìning the process by which beetles feed preferentialìy on different

strata during the course of the grow'ing season. From the results of the

first behavioral model, it appears that a "switching" process is occurring

between strata as the season progresses. In both 1990 and 1989, aìthough

statjstical results vary, a shift of the preferred sìte of feeding seems

to occur upwards on the plant from the time of peak fiea beetle abundance

to after the peak (Table ll). As a consequence of th'is switch, beetles

feed on upper and upper non-terminal ìeaflets more preferent'iaììy than
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lower leaflets. It is aìso possible that prior to the peak, beetles may

experience a shjft in the preferred s'ite of feeding from lower to m'iddle

leaflets, but such a trend js not well supported by these data.

Dev j ati ons from the upward movement on pl ants may be exp'l a'ined by

other factors. In 1989, the lack of preference for any one stratum during

the period of peak insect abundance may simpìy be an artifact of jnsect

density. From the results of modelling, it was seen that reduced numbers

of feeding punctures per beetle were associated wjth higher densities.

The lack of stratum preference in 1989 may be'indicatìve of a more uniform

dispersìon of insects over the pìant in order to better allocate any

unexploited food resources. Although no direct evidence from this study

supports this contention, h'igher densities of beetles vrere observed, 'in

the field, to cause more uniform damage among leaflets per p'lant than did

I ower den s i t'i es .

In 1990, a uniform dispersion of insects was not seen for the week of

peak abundance, but it is poss'ibìe that other envjronmental factors

spec'ific to the environment of the plants may have caused beetles to

concentrate on the lowest leaflets. To examine th'is hypothesis, average

weekìy comparisons of maximum ambient ajr temperature and stratum of

feeding preference were made. However, no relationship vJas elucìdated.

The identity of such an environmental factor rema'ins uncertajn, and if
pursued, must be investigated wjthin the microenvironment of the p'lant.

If such an upward movement of beetle feeding occurs over the course

of the growing season, it'is necessary to determjne what force is driving

it. An answer may l'ie jn the examination of the results of the second
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behavjoral model. In this second model, much of the variabil ìty

partitioned by the variable STMTA in the first model could be accounted

for by the average number of feeding punctures in leaflets in the previous

week (PREVHOLE). This interpretation of the relationship of PREVHOLE and

STRATA is inferred because the sums of squares did not change greatly from

the fjrst to the second behavjoral model. For 1989, 4l-63% of the

variabi'lity part'itioned by STRATA was accounted for by PREVH0LE before the

peak, 36% at the peak and 6l% after the peak. In 1990, greater than 6996

of the variabil'ity partjtioned by STRATA was expìained by PREVHOLE for all

of the tìme periods examined. Therefore, it is likely that any sw'itching

between various leaflet strata over the course of the growing season is

ljkely mediated through the condition of the leaflets hav'ing aìready been

fed on. This is supported by observations of plant condition throughout

the season. Lower leaflets, at the tjme of beetles switchìng away from

them, are the oldest on the plant, have the most number of accumulated

punctures, and are most shaded by the haulm of the potato p'lant thereby

reducjng the'ir photosynthetic output and general efficiency (Harper 1963).

All of these factors contrjbute to the decljne of the general health of

the leaflets and likely reduce their attractiveness to flea beetles as

food.

The popuìation model developed in this study is potentially of great

use, but also has limitations. This study was the first to establish a

quant'itative relationshjp between feeding punctures in potato leaflets of

different strata and actuaì popuìation numbers of potato flea beetles for

a wjde range of densities with and without early season Colorado potato
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beetle injury. This may serve as a useful tool for trying to estimate

flea beetle densjties, by rep'lacing the t'ime-consum'ing use of whole-p'lant

bag sampf ing wìth the sìmpìer task of samp'ling 'leaflets. The technique of

randomly choos'ing three termjnal leaflets per lower, middle and upper

stratum was chosen so that'it would provide a good estimate of feeding

punctures per plant. Such samp'ling would tend to average out any

aggregations of feeding punctures jn a certain area of the plant and

provide the sampìer with a technique that'is easy to use.

Upon examjnation of the est'imated versus actual population values for

1990 and 1989 (F'igs.9-11), it js seen that there is much scatter around

the line of best fjt for the regress'ion. This variabiìity may be

attributable to the relativeìy ìarge coeffjcient by which the number of

feed'i ng punctures per week j s mul ti pì i ed to obtai n the val ue for

accumulated potato flea beetle weeks. Thus, ôry sììght jnaccuracies in

estimating feeding punctures are much exaggerated. In addition, the

scatter of predictions are further affected because the val ue of

accumulated potato flea beetle weeks for week n ìs subtracted from that of

n-1. Therefore, a sljghtly inaccurate count of feeding punctures not only

results in an exaggerated value for flea beetles during the current week,

but, aìso reduces the value of the pred'iction jn the following week. l-lost

of the variability jn estjmated population values in F'igs. 9-ll can be

attributed to slight inaccuracies in estimating average feed'ing punctures

per leaflet, particularly in the earìy season. Although slopes dìd not

differ sìgnificantly from one and'intercepts did not differ from zero

(except in F'ig. 10), it appears that the mean predicted value for potato
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flea beetìes is consistent'ly biased, being below that of actual numbers of

flea beetles. Such bias'is not eas'i'ly exp'lained from the results of this

study, but may be reduced by better future modelling of this'insect.

It js'important to note that the relatjonship between potato flea

beetle numbers and accumulated potato flea beetle weeks is consjstent from

1989 to 1990. The regress'ions in figures 7 and 8 were previous'ly shown to

be cojncident; however, the regression coefficients from 1990 (F'ig. 7) or

1989 (Fig.8) can also be used to produce coincident regressjons of actual

versus predicted potato flea beetles from 1989 feed'ing punctures (F=0.01;

d.f.=2,14). This further exempìifies the consistency of the relat'ionship

between fl ea beetl e numbers and accumul ated fl ea beetl e weeks and i ts

robustness as a predictor from year to year.

Although the populat'ion model can be used to calculate actual numbers

of potato flea beetles, these numbers can only be determ'ined after the

week in which they exist has already passed. In Part I of thjs chapter,

the economic injury levels of 4-19 or 300-335 potato flea beetles per

plant, correspond to an average of 3-4 or 16-17 feeding punctures per

leafìet, respectiveìy. The populat'ion model does not predict when jn the

season these numbers will be exceeded, nor when peak numbers of the pest

will occur. Such informat'ion is necessary for effective control decisions

to be made jn order to tjme the app'l'ication of insectjcjde such that it
wilì depress the population peak of the jnsect. A'lthough useful for post-

hoc monitoring of popuìations of flea beetles, the population model 'is not

capable of predicting what the population curve of the pest is ìikely to

be, jn order for proper control measures to be effected.
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In conclus'ion, potato flea beetles tend to move their area of feed'ing

preference upward durìng the latter part of the season, from the time of

peak abundance to past this peak. Thjs upward swjtching of strata may be

obscured by responses of the beetles to populatjon density or perhaps by

other factors whìch may affect the microenvjronment of the plant. The

relationship is compìex, which may exp'lain the absence of a direct

relationship between yield of plants and feeding punctures per ìeaflet

(Thompson 1984, 1984, 1987).
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Table 10.
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Values for the coeffic'ient b, in the model INC = bo + b,PFB +
bTSTRATA, prior to, during and after peak potato flea beetle
abundance, 1990 and 1989. (INC=ìncremental feeding punctures
per week per potato flea beetle; PFB=number of potato flea
beetles; STRATA=leaflet stratum where feeding punctures
occur) .

Year

I 990
I 990
I 990

1989
1889
1989

Dates

6 Aug
20 Aug
27 Aug

I Aug
22 Aug
30 Aug

lsignificance of PFB to the nrodeL.

19 Aug
26 Aug
9 Aug

2l Aug
29 Aug
6 Sep

Rel at jonsh'ip
to peak

Before
Durì ng
After

Before
Duri ng
After

b1

-0.000024
-0.000071
-0.000622

0 .001 269
-0.000020

0.000078

P'

n.s.
<0.01
<0.05

n. s.
n.s.
n.s.



Table ll. Adjusted least squares means for all strata in the model INC

to, during and after peak potato flea beetle abundance, 1990
feeding punctures per week per potato flea beetìe; PFB=number

leaftet stratum where feeding punctures occur; UpperNT=upp€F

= bo + b,PFB + bTSTRATA, prior
and 1989. (INC=incremental
of potato flea beetles; STRATA=

non-termina'l).

Stratum

Year Dates Lower I'l'iddl e
Rel at i onsh i p

to peak Upper UpperNT P'

19 Aug
26 Aug
9 Sep

2l Aug
29 Aug
6 Sep

6 Aug
20 Aug
27 Aug

I Aug
22 Aug
30 Aug

1990
1990
1990

1989
1989
1989

Before
Duri ng
After

Before
Duri ng
After

0.020583
0.085333
0.065583

-0.762629
0.056246
0.037546

0.045250
0.033833
0. 160750

-0.015400
0.057439
0. 000047

0.022833
0.005500
0. I s4667

-0.088554
0.051 r67
0. 109833

0.025000 n.s.
-0.005333 <0.001

0. I 10750 n. s .

0.079335 <0.01
0.040996 n. s.
0. ll049l <0.01

¡overalt significance of att strata to the Íiodet-

ts¡.
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Values for the coeffic'ients b, and br'in the model INC = bo +
b,PFB + b.PREVHOLE, prior to, during and after peak potato
flea beetle abundance, 1990 and 1989. (INC='incremental
feed'ing punctures per week per potato flea beetle; PFB=number
of potato flea beetles; PREVHOLE=previous number of feeding
punctures per I eafl et) .

Year

1990

1990

I 990

I 990

Dates

6 Aug - 12 Aug

13 Aug - 19 Aug

Relationship
to peak Coefficient Val ue

20 Aug -

27 Aug -

I 989

I 989

I 989

Before

Before

Duri ng

After

26 Aug

9 Sep

lAug- SAug

9 Aug - 14 Aug

br
b,

b,
b2

bl
b"

b,
b2

I 989

1989

15 Aug - 21 Aug

22 Aug - 29 Aug

0.0001 l3
-0.002336

-0.000052
-0.000377

-0.000142
0.000701

-0.000455
-0.000594

-0.016075
-0.005383

0.012t72
-0.002120

0.000032
-0.000018

-0.000008
-0.000060

0.000243
-0 .0003 I I

Before

Before

Before

Duri ng

After

lsignificance of PREVHOLE or PFB to the nrodet.

30Aug- 6Sep

P'

n.s.
<0.01

n.s.
n. s.

<0.01
<0. I

n. s.
<0. I

n. s.
<0.05

<0.05
<0.01

n.s.
n.s.

n.s.
n. s.

n. s.
<0.05

b1

b2

b,
b2

b1

b2

b,
b¿

b1

b2



Figure 7. Relationsh'ip between accumulated potato flea beetle weeks and
feedjng punctures per leaflet (Y=-67.847+22.815X) for
experimental pìants, 1990. Each point represents the average
feeding punctures per leaflet and accumulated potato flea
beetle week values for individual treatments in a week.
Feedìng punctures per leaflet are averaged from termjnal
leaflets over the lotrer, middle and upper strata.
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Fìgure 8. Relationship between accumulated potato flea beetle weeks and
feeding punctures per leaflet (Y=-114.599+24.819X) for
experimental pìants, 1989. Each point represents the average
feeding punctures per leaflet and accumuìated potato flea
beetle week values for indiv'idual treatments in a week.
Feeding punctures per leaflet are averaged from termjnal
leaflets over the lower, middle and upper strata.
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F'igure 9 . Estimated versus actual numbers of potato flea beetles for
experimental treatments without Colorado potato beetle jn
1990 (Y=135.924+0.596X). The solid line is the line of best
fit for all data po'ints; the broken line represents perfect
fjea beetle estimates and has a s'lope of I and an intercept
of 0. Est'imated values are calculated with regression
coefficients from Fig. 7.
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Figure 10. Estimated versus actual numbers of potato flea beetles for
experimentaì treatments with Colorado potato beetle in 1990
(Y=97.919+0.285X). The sol id I ine 'is the 'line of best fit
for all data points; the broken ìine represents perfect flea
beetle estimates and has a s'lope of I and an intercept of 0.
Estimated values are calculated with regression coefficients
from Fig. 7.
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Figure 11. Estimated versus actual numbers of potato flea beetles for
experimental treatments in 1989 (Y=45.314+0.608X). The
solid line is the line of best fit for all data po'ints; the
broken 'l'ine represents perfect flea beetle estimates and has
a sìope of I and an intercept of 0. Estimated values are
calculated with regressjon coefficjents from Fig. 7,
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Appendix 8.
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l4ean (t S.E.) potato flea beetle feed'ing punctures per leaflet
of plants sampled from the Portage samp'ling plot by e'ither
v'isual or whole-plant bag sampìing, 1989. (Lower = lower
termìnal leaflets; l,liddle = mjddle terminal leaflets; Upper =
upper terminal leaflets; UpperNT = upper non-terminal
I eaf I ets ; DAP = days af ter p'l ant'i ng ) .

DatE

27 June

3 JuIy

10 July

17 JuIy

24 July

31 JuIy

I Aug.

14 Au6.

31

Sanpllng
bypê

J'

Vlsual¡
H?BS'

Vlsual
WPBS

VlsuaI
I{PBS

Vlsual
WPBS

Vi sual
WPBS

Vlgual
HPBS

VisuaI
WPBS

VisuaI
H?ES

VisuaI
WPBS

Visua!
WPBS
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Append'ix 9. l,leekly means (' S.t.) of potato flea beetìe feeding punctures per leaflet jn
stratum. Numbers listed are for each experimentaì treatment ìn 1989. (DAP =
planting; Lor{ = ìower terminaì leaflets; I'lid = mjddle terminaì leaflets; Up =
leaflets; UpNT = upper non-terminaì leaflets).

each p'lant
days after
upper terminaì

Experimental treatment

Date DAP
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straium 000 001 103101100003 200 203
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Appendix 9. Continued.

Experimental treatment

Plant
Dabe DAP 6tråÈum 000 001 OO3 100 101 103 200 zOL 2O3 110
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Appendix 10. tleekìy means (t S.E.) of potato flea beetle feediJrg Punctures per leafìet in each p'lant
strat-um. Numbers lilted âre for each experimental treatment in Morden and tllinkìer, 1990.

Dates listed are those for l.lorden; those for ldinkler generaìly foììowed by two days.
(DAP = days after planting; Lon = lower terminal ìeafìets; Mid = middìe terminal leaflets;
Ùp = upp.i terminal leaflets; UpNT = upper non-terminal leaflets).

Experimental treatments
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stratu¡o 105101000 001 003 005 100 000 005103
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19 r 2.6
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10 t 1.7
9 t 1.7
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31 r 4.2
29 t 3.2

40 r 4.9
47 t 6.3
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39 r 2.1
30 r 1.6
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0 r 0.0
0 r 0.0
0 t 0.0

0 I 0.2
0 r 0.1
0 r 0.0
0 r 0.0

0 r 0.1
0 r 0.1
0 t o.2
0 r 0.1

0 r 0.0
0 t 0.0
0 r 0.0
0 r 0,0

0 r 0.0
0 r 0.0
0 r 0.0
0 r 0.0

3 r 1.3
6 r 3.0
1 r 0.5
0 r o.2
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3 r 0.8
3 r 0.7

7 t 1.4
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I I 1.3
6 t 1.3

32 t 6.0
20 t 4.0
13 t 4.2
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23 t 2.0
15 r 1.6
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18 t 18.5
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25 t 4.3
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31 r 14.9
29 t 11.8
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L2 t 3.0
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13 t 1.8

88 r 3.2
77 t 9.8
52 t 2.7
36 r 2.5

0 f 0.0
0 r 0.0
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Appendi x 10. Continued.

Experimental treatments

Morden Winkler

Date DAP

PIanb
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Abstract

Potato tubers were examined to determ'ine if any relatjonship existed

between the incjdence or severjty of common scab and the density of adult

potato flea beetìes, Epitrix cucumeris (Harnis), on plants. In 1989 and

1990, plants uJere grown'in caged experimental treatments in field plots

and varying densities of potato flea beetles and Colorado potato beetles,

Leptínotarsa decenlineata (Say), were introduced throughout the season.

Out of all plants harvested in both years, very few tubers exhib'ited

symptoms of common scab; th'is was true even of tubers from a plot with a

h'istory of recurrent scab probìems. The causal agent of common scab

disease, Streptonyces scaåies (Thaxter) l{aksman and Henrici was 'isolated

and identified from each scabby tuber. So'iì core sampìing from a

commercial field jn 1990 showed a positive comelation between the mean

number of feedìng holes per lower terminal leaflet and the number of

potato flea beetle immatures. The lack of scab in this study suggests

that the inc'idence of the disease js not greatly affected by potato flea

beetle adult or larval densities. Abiotic factors such as varietal

res'istance to scab and the availability of soil moisture during tuber

initiation appear to have far greater effects on the expression of this

d i sease .
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Introducti on

Common scab 'is caused by the so'il -borne acti nomycete Streptonyces

scaôfes (Thaxter) tdaksman and Henrici, and is a blemishìng disease of

potato tubers (Burrell 1984). The main symptom of th'is djsease, a brown

scab, is produced by the infection of lent'icels which are not fully

suberised (Adams and Lapwood 1978). Lesions are usual'ly 5-8 mm in

djameter and may coalesce to form russetted areas (Rich 1983). Affected

areas of the tuber may contaìn a superfjcial corklike area (russet scab),

an erumpent or cushionlike scab l-2 mm high (raised scab), or may extend

jnto the tuber jtself (pitted scab) (Hooker 1981). The d'isease has no

above ground symptoms; affected tubers have reduced val ue and grade and

are usualiy onìy detected at harvest (l'lartìn 1969).

Streptonyces scaôíes survives in the sojl and is spread from one

locale to another primari'ly by the pìant'ing of infected tubers (Rich

1983). Collembola and mites and have been suggested to be vectors of this

dìsease as Streptonyces spp. have been isolated from thejr bodjes (Storch

et al. 1978; Manzer et al. 1984). Several organ'isms have also been

observed to be present on scab lesions, including: scab gnats, Pnyxia

scaôiei (Hopkins); oìigochaetes and nematodes (Tamaki et al. 1976); and

potato flea beetle, Epitrix cucuneris (Harris), larvae (Schaal 1934).

Although a preìiminary trend has been shown between the density of potato

flea beetle adults and the occurrence of common scab in cv. Norland

potatoes (Senanayake 1987), ôñy quant'itat'ive relationship between potato

flea beetle larvae and the occurrence of scab is unclear. The obiective

of this study was to determine whether the density of potato flea beetìes
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has an effect on the incjdence or severity of common scab disease on cv.

Russet Burbank tubers.

llaterials and llethods

Experiments took p'lace during in 1989 at tlinnipeg and Portage la

Praìr'ie, l'tanitoba, and in 1990 at l4orden and tlinkler, I'tan'itoba. The

design of pìots, experimenta'l treatments and harvesting procedures are

described ìn the materjals and methods sect'ion of Part I of this chapter.

In 1990, the l,linkler experimental and reservoir p'lots were s'ituated in a

fjeld with a hìstory of recurrent scab prob'lems (H. Thiesen, pers. comm.).

Any scabby tubers harvested were recorded, and the percent surface area

covered by scab was est'imated.

To establ'ish whether the number of potato flea beetle adults feed'ing

on a plant is associated with the number of larvae jn the sojl around its

root system, so'il core sampìes were taken on 25 July, 1990. Three groups

of five plants were sampled in the commercial field; groups were comprised

of plants with high (21-30), moderate (11-20) or low (1-10) numbers of

feeding punctures per leaflet at the time of samp'lìng. Feed'ing punctures

were counted on three random'ly-selected lower terminal leaflets per plant.

Two - l0 cm diameter soil cores, on oppos'ite sides of a pìant, were taken

to a depth of 15 cm. Each core was transferred to a pìastic bag for

subsequent counting of f. cucuneris jmmatures in the ìaboratory.

t'lethods folisol ati ng S. scaåf es were based on Lori a and Davi s

(1988). Any tubers exh'ibiting symptoms of common scab djsease were

disinfested in 1.5% aqueous sodjum hypochlorite for I minute and rinsed

with sterile water. A piece of tissue tras removed from beneath one scab
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lesion per tuber and was macerated in a sterile pìastjc bag with 5 ml of

water. A drop of this suspension was streaked onto nystatìn-poìym'ix'in-

penìcìì ì'in-cyc'lohexamide (NPPC) water agar and was incubated for 14 days

at 30" C. This antibjotìc agar only allowed colonies of Streptonyces spp.

to grow. Three serial dilutjons, made from an isolated colony of the

pathogen, were streaked in a cross-hatch pattern onto yeast malt extract

(Yl'lt) agar and were incubated at 28" C for 14 days. Serial dilutions were

also streaked onto peptone-yeast extract iron (PYI) agar and incubated at

28' C for four days. From colonies grown on Yl4E and PYI agar,

observations of aerial mass co'lour, reverse colour and spore-bearing

hyphae were used confjrm the presence of 5. scaôies.

Resul ts

Few harvested tubers showed symptoms of common scab disease (Table

13). Plants with affected tubers had little or no flea beetìe damage and

generaìly did not come from fjelds with a history of common scab. A'lso,

most affected tubers had less than five percent of their surface area

covered by scab, which js jnsuffjcient to downgrade the yield for table

stock (S. Prokopchuk, pers. conrm.). Therefore, the effect of adult potato

flea beetle densjtjes on the occurrence and severjty of scab on Russet

Burbank tubers was undiscernib'le.

Streptonyces scaôies was jdentjfied from at least one of the serial

dilutions on YtlE or PYI agar made from each tuber exhjbiting symptoms of

common scab disease. The identificat'ion of colonìes was based on

diagnostìc features from Loria and t)avis (1988). 0n YME agar, the

pathogen was jdentified by the presence of grey aeriaì mycelia with loose
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spjral spore chains, observed at 200-400X magnificatìon. Only brown or

black d'iffusible pìgments are characteristic of S. scaôies, and the

reverse sjde of the co'lony is a golden-brown colour. 0n PYI agar, the

pathogen characteristically produces a very dark melanoid p'igment and has

s'imi I ar myceì 'i a'l propert i es as on Yl'lE agar .

l,Jith increased numbers of feeding punctures per leaflet, an increase

in the number of potato flea beetle immatures was found'in soil core

samp'les (Tab'le 14). A significant linear relationshjp between mean

feeding punctures per leaflet and the number of potato flea beetle

immatures was found to exist (Y=-0.025+0.128X; F=19.9; d.f.=1,13; P<0.01).

Since potato flea beetle adult densities are comelated wjth the number of

feeding punctures per leaflet (Chapter III, Part 2), it can safely be

assumed that densities of potato flea beetle larvae and pupae are related

to numbers of adults.

Di scussi on

Two factors may account for the absence of common scab disease jn

th.is study. F'irst, differences between potato cultivars must be

cons.idered. All russet-skinned varietjes of potatoes are genera'lìy

resjstant to scab 'infection, and Russet Burbank is considered to be

tolerant of scab under most conditions (Pavek et al. 1973; Hodgson et al.

1977; Rich 1983; Campbell et al. 1984). This varietaì trait may expìain

why very little scab jnfection took place, even in the l{jnkler plots where

there was a recurrent history of scab infection. Senanayake (1987) showed

a relationship between densjties of potato flea beetle adults and the

occurrence of scab in the cuttivar Norland. Norland is only moderately
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resistant to scab and is considered inferior to Russet Burbank for this

trait (Hodgson et ai. 1977; Rich 1983; Campbeìl et aj. 1984). Hence,

varietal differences alone may expìain why Senanayake (1987) found a

greater occurrence of common scab disease.

A second factor that may exp'lain the absence of common scab is

related to sojl moisture. The scab pathogen prefers condjtions of low

soi I moi sture (Sanford 1923 t{e'l f ings and Rosser 1968; Lapwood et al .

1970, 1971, 1973; Lewis 1970; Lapwood 1972; Lapwood and Adams 1973, 1975;

Dav'is et al . 1976; Adams and Lapwood 1978). Inhibit'ion of scab occurs 'if

sojl is kept wet for four to six weeks, starting within three to four days

of tuber init'iat'ion (Lapwood et al . 1973). tJet soils are suspected to

have'increased popuìatjons of antagonjstic bacterja on internodes, which

are the spaces between "eyes" of a tuber, which have lentjcels suscept'ib'le

to infection (Adams and Lapwood 1978). Internodes form successiveiy at

the apex of a grow'ing tuber and pass through a period of susceptib'iìity as

the stomata, wh'ich they have when first formed, are converted to lenticels

(Adams and Lapwood 1978). The youngest two internodes at any one time

possess stomata and are resistant to infection (Lapwood and Adams 1973).

However, as stomata are converted to lenticels, there'is a period of

susceptibilìty for approximately l0 days until the developing lenticels

are fulìy suberised and resistant to'infection (Adams and Lapwood 1978).

Conrmerciaìly, infection of the first four or five internodes to be formed

is important because these expand more and therefore cause greater

blemishing when scabbed. Thus, greatest potential for blemish'ing is jn

the third week after tuber jnitiation (Lapwood et al. 1970).



manganese, particularly 'in acid soils (Lapwood and Adams 1975). Several

studies have related the presence of manganese to decreases 'in scab

occurrence (McGregor and l,lilson 1966; Davìs et al. 1976). Green manuring

I ncreases
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soil moisture have also been linked to liberation ofln

of fields can also cause manganese, through the action of mjcro-organisms,

to be reduced to a soluble form which is toxic to S. scaóies (Rogers

1e69).

Tuber initiatjon, for Russet Burbank, occurs during the last week of

June and into early July in Ì'lanitoba (f'1. Pritchard, pers. comm.). Mean

monthly precipitation during June of 1989 and 1990 was well above normaì,

(Tabìe l5), which would have raised so'il mo'isture levels considerab'ly

during the period of tuber jnitiation. In additjon, the rate of

evaporation during this time period was likely not djfferent from average

as temperatures were below normal in 1989 and onìy slightly above normal

in 1990 (Table 15). blith high sojl mojsture at tuberinjtjation, the

occurrence and severjty of scab would be expected to be low. Sjmilar

weather conditions existed jn 1985, which may exp'lain why the maiority of

scabby tubers found by Senanayake (1987) were not severe enough to be

downgraded.

Other ìnorganic factors may also influence the expression of common

scab disease. Low so'il pH's, between 5.0 and 5.3, are enough to suppress

5. scabr'es altogether (R'ich 1983). The levels of calcium and phosphate in

tubers also affect scab levels. High ìevels of tuber calcium make

perìderm cells more susceptib'le to'infection, but the appìication of

phosphate, by neutralizing calc'ium ions, reduces scab severity (Davis et



139

al. 1976). Suppression of calcium and increases in phosphorus levels in

potato tubers are found i n soi I s ferti I i zed w'i th ammoni um forms of

nìtrogen rather than wjth nitrate forms (Polizotto et al. 1975). This may

expìa'in any relationsh'ips found between the form of nitrogen used to

fertjlize potato crops and the severìty of scab (Davis et a1.1976).

Although neither soil nutrients nor pH were measured in this study, it is

unlikely that these had any great effect on the expression of scab, s'ince

croppi ng practì ces were not al tered from earl 'i er years . Thj s i s

especiaìly reìevant with respect to the l{inkler plots where scab was a

recurrent problem.
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Table 13. Potato tubers w'ith common scab 'in 1989 and 1990.

Year

I 989
1989
I 989
r 989
I 989
1989
r989
1989

I 990
I 990
1990
1990

Pl ot

Commerc'ial
Commerc i al
Commerc i al
Commerci al
Commerc i al
Commerci al
Commerci al
Commerci al

Morden Exp.'
tl j nkl er Exp. o

lllinkler Exp.
Commerc i al

Experi mental
treatment

]naxim,rn tuber diaíEten (D)

iVisuat estimste of percent tuber surface covered by scab.

It'torden ExperimentsI ptot'lJinkter Experimntal ptot

Tuber size
range (cm)'

3.8 <tk
4.5 <tk
5.7 <tk
4.8 <tk
5. I <D<
5.7 <D<
5.7 <D<
5.7 <tk

5.7 <D<
5.7 <D<
5.7 <tk
5.1 <tk

Number of
tubers

4.5
4.8
7.0
5.1
5.7
7.0
7.0
7.0

7.0
7.0
7.0
5.7

000
000
005
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I
2

2

I
I
I
I
I

I
I
I
I

% Scabz

<5
<5
<5
<5
<5
<5
<5
<5

20
<5
<I
40



Tabl e 14. Resul ts of so j I core samp'l i ng for
jmmatures on 25 July, i990. All
commercjal field;'immatures from
shown.

Rel at'ive
i nfestat i on

Low
Low
Low
Low
Low

Moderate
l4oderate
l,loderate
l,loderate
Moderate

High
Hi gh
Hi gh
Hi gh
High

Mean (t S.E.)
feeding punctures

per I eafl et'
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potato fl ea beetl e
samples were taken from the
two cores per pì ant are

3 r 1.5
4 t 2.3
9 t 1.7

10 r 0.9
l0 t 2.4
11 t 2.3
12 t 2.0
15 t 1.8
19 t 3.2
?0 t 2.5
22 ! 2.2
24 ! 4.9
25 ! t.2
30 t 1.2
30 1 3.2

Number in two soil cores

Larvae Pupae Total

lLoHer terminaI teeftets; x=3

0
0
I
I
0
0
0
I
0
I
0
I
0
I
I

0
0
I
I
2

2
0
I
3

2

I
2

2

3
4

0
0
2

2

2

2

0
?.

3
3

1

3
2

4
5



Tabl e l5 . Cl 'imatol
and 1990
records
CFB Port

og'icaì data for experimental locales in
. (Source: Environment Canada month'ly
from Morden CDA, t¡li nn j peg Internati onal
age 'la Prairie).

Year

I 985
I 985
I 985
I 985
I 985
I 985

I 989
1989
1989
I 989
1989
1989

1989
1989
I 989
1989
I 989
1989

I 990
1990
1990
I 990
1990
I 990

t'lonth

Apri'l
l.lay
June
Jul y
Aug.
Sep.

Apri ì
l,lay
June
Jul y
Aug.
Sep.

Apri'l
ltlay
June
Jul y
Aug.
sep.

Apri'l
Hay
June
Jul y
Aug.
sep.

Locati on

tli nn i peg
lrlì nni peg
tl i nn'i peg
tlì nni peg
WÌnnìpeg
!li nn ì peg

Portage'
Portage
Portage
Portage
Portage
Portage

li'inn i peg
lllì nn i peg
I'linnipeg
l,li nni peg
lrl'innipeg
rdi nn ì peg

Horden
l,torden
Morden
l'lorden
Horden
I'torden

Precj pi tati on

Total (mm)
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1985, 1989
stat i on
A'irport and

16.2
64.0
67 .4
34.0

218. 0
28. 5

29.r
32.7

133. I
32 .8
44.0
20.8

r 5.9
26.0

150.2
33 .4
76.6
10.0

46.6
43 .6

185.4
42.4
47.0
17.0

% of Normal

Temperature

42
97
84
45

290
53

78
52

t76
43
54
42

4l
40

r88
44

t02
19

113
66

245
57
66
33

Deviation
x ("C) from x'

6.3
13.l
14.0
18.8
16.3
10.0

3.2
13.7
16.3
22.3
t9.2
13.8

2.6
13 .7
16.5
22.1
19. 5
13.6

4.2
ll.l
I7.9
19.6
20.3
15.1

]Oeviations in 'C frmr long term nean.
'Portage Ia Prairie

2.9
1.8

-2.8
-0 .8
-2.0
-2.4

0.3
2.5

-0.7
2.6
0.8
1.4

-0.8
2.4

-0.3
2.5
t.2
t.2

0.2
-0.8
0.5

-0.6
-0.6
2.0
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PART 4

Scientific Note:

Grasshopper feeding on cv. Russet Burbank potatoes
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The twostriped grasshopper, l|elanoplus bivittatus (Say), and the

mìgratory grasshopper, llelanoplus sanguinipes (Fabricius), are two of the

most wjdespread and destructive of pests of the Canadian pra'iries (Smith

and Holmes 1977; Hardman and Smoliak 1980). These species feed on both

grassy and broadìeaf p'lants and have one generation per year (Philip and

Mengersen 1989). Although both are generalist feeders, they defoliate

potato crops on'ly during hot dry summers when numbers reach outbreak

levels (Coìe 1951; Hodgson et al. 1977; Univers'ity of Caljfornia 1986).

Very few, if âñy, pubìished accounts exist in whjch grasshoppers are

described as pests of potatoes, nor do any studies relate potential y'ield

losses caused by these 'insects. Therefore, a study was undertaken to

determine if ll. bivittatus and il.

Russet Burbank potato p'lants, and

between pest density and yield.

An experiment was conducted during the summer of 1990, jn a fje'ld

p'lot I km west of l,link'ler, lilanitoba. Four different levels of adult

grasshoppers were tested: 0, l, 3, and 5X f ield dens'ity. F jeld dens'ity

was determ'ined by estimating popul ation densities of twostriped and

migratory grasshoppers in fjeìd margins during the three weeks

grasshoppers were placed on plants. The species composition and dates

that grasshoppers were introduced to treatments are listed in Table 16.

The design of the plot, types of cages used and harvestjng techn'iques are

the same as those described for the "tlinkìer p'lot" in Part I of this

chapter.

Detailed 'information about the we'ight and grading of tubers harvested

sanguinípes can successfully feed on cv.

'if so, whether any rel ati onsh'ip exì sts
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from individual plants is conta'ined'in Append'ix ll. No apparent trend was

discernable from the average yields of experimental treatments (Tab'le 17),

and by analysjs of variance, no sìgn'ificant difference between treatment

yi el ds exi sted ( F=0.7; d. f. =3 ,20) . Grasshoppers of both speci es fed on

pl ants and survi ved the durat'ion of the week for wh i ch they urere

introduced. However, the defol iat'ion w'ithin treatments was inconsistent

and 'injury for even the most defol i ated of p'lants tvas I ow. Several

reasons may account for these observatjons. First, if late jnstar

juveniles were mjsidentified as adults and introduced to treatments,

differences'in feeding rates between life stages could account for the

vari abl e defol 'iati on wi thi n treatments . For examp'le, f j fth i nstar nymphs

of l,l. bivittatus and ll. sanguinipes are known to have greater daily

feeding rates than adults (Holmberg and Hardman 1984). Also, differences

'in feeding rates between sexes of grasshoppers exist, âS they are

dependant on the egg-lay'ing cyc'le of females and the mating cond'ition of

males (Holmberg and Hardman 1984).

The quality of potato folìage as food for grasshoppers may also have

inf'luenced the amount of defoìiation in treatments. The concentrat'ion of

glycoa'lkaloids in the foì'iage of Solanun tuberosun L. and wjld Solanun

spp. confers resistance to fungal diseases as well as to many insect pests

(Raman et al. 1979; Casagrande 1982; Tingey 1984; Mitchell and Harrison

1985; Hare 1987). This protection from pests may be due to the inhibitjon

of acetyl choljnesterase by these compounds (Bushway et al. 1987).

Although such potato pests as leptinotarsa decenlineata (Say) and Epitrix

cucuneris (Harrjs) have evolved to feed on potato foliage containing
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g'lycoalkaloids, 'it is I ike'ly that grasshopper spec'ies which normally do

not utiljze Solanaceae as primary food hosts have not deveìoped any

mechanisms to sequester or metabol'ize these toxic substances. Th'is notion

is supported by feeding behaviour studies using lt. bivittatus. The

glycoaìkalojds solanine and tomatine, both found in S. tuberosun, do not

'inh'ibit feed'ing when offered in chemica'l'ly defined synthetic d'iets, nor do

they restri ct feedi ng under natural condi t'ions (Harl ey and Thorste'inson

1967). However, both compounds cause nymphal mortal'ity before the adult

stage is reached (Harley and Thorsteinson 1967). Since these compounds

'interfere so greatly with nymphal development, it is unlikely that adult

grasshoppers can successfully feed on plants which contain them.

In this study, feed'ing by ll. bivittatus and ll. sanguinipes appears to

have been somewhat j nhi b j ted on potato fo'l 'i age. Al though the

g'lycoa'lkaloids tomatìne and solanine are known to have toxic effects in ll.

bivittatus, they are not feeding inhjbitors (Harìey and Thorsteinson

1967). If feed jng 'inhibition does occurin potatoes, other glycoal kaloids

or secondary pìant chemica'ls may be causing'it to occur. If this is true,

the jnconsistency of defoljatjon within treatments could be attrjbutable

to d'ifferences in the susceptibility of individuals to such plant

chemicals. Although all grasshoppers surv'ived their exposure to plants,

.it is unlikely that these species could survive on potato foìiage for a

pro'longed period of time. In hot, dry summers, when grasshoppers are

extremely abundant, ljmited feeding by transient groups of grasshoppers

might occur on potato crops, but it is unlikely that these pests would

remain for a proìonged period of time if feeding'is inhibited. Therefore,
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ll. bivittatus and H. sanguinipes are unl'ikely to be major pests of

potatoes.
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Tracey Knights and Steven Halìey for all their hard work as summer
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Canada-l'lanitoba Economic and Regional Development Agreement, and the

Un'iversity of Manitoba.



Tabl e 16 . Compos'i t i on and dates of gras shopper i ntroduct'i on s to
treatments, 1990.

Date

16 August

24 August

29 August

Spec i es

H.
ll.

l,l .

l,l .

It.
H.

bi vi ttatus
sanquí ní pes

bi vi ttatus
sanqui ni pes

bi vi ttatus
sanquí ni pes

OX

Treatments

0
0

0
0

0
0

IX

r48

3
I

3

I

3
I

3X

9
3

9
3

9
3

5X

l5
5

15
5

15
5



Tabl e l7 . I'larketabl e y'iel d of grasshopper treatments, 1990.

Treatment

OX

1X

3X

5X

N

6

l4ean (t S. E. )
yie'ld (ks/pì ant)

6

149

2.076 r 0. 268

2.204 r 0. 160

I .756 t 0.251

1.984 ! 0.207



Appendix ll. Numbers of tubers and their total mass (g), by size grade, for indivjdual p'lants in
grasshoPPer treatments, 1990.

Maximurn tuber diameter (D cm)

PIa¡¡t <3.8 3.8<DS4.4 4.4<0S4.8 4.8<DS5. I 5. 1<Df5 . 7 5.7<DS7 .0 7 .O<D37 .6 7.6<DSr.1.4

Gts-lXAI

GH-1XB

GH- lXC

GH-D(D

GE-TI{E

GE-XI(F

GH-3XA¿

G8-3XB

GB-3XC

GH-3XI)

GH-3XE

GH-3X¡

GH-5XA3

GE-5X3

GH-sXC

GH-5XD

GIt-5XE

1

37.0
1

26.4
I
7.5
2

64.3
0

0
1

4.6
0

0

1

29.r
1

13.6
0

0

1

104 .3
0

0

0

0

1

58. 1

1

5.4
2

97.6
0

0

3

29L.2
0

0

2
63.9

0

0

0

0

0

0

2
137.8

2
98.8

0

0

0

0

0

0

2
t42.2

0

0

0

0

0
0

1

89.2
1

60. 9

3

488.2
0

0

1

7L.7
1

t26.L
1

140.9
0

0

0

0

0

0

2
284 .6

0

0

3

411.8
0

0

0

0

0

0

1

L02.2
1

68.3
3

360.8

0

0

0

0

1

t49.9
4

462.6
1

119.3
0

0

0

0

0

0

1

174.5
0

0

0

0

0

0

0

0

0

0

1

96.0
2

240.5
1

L37 .2

2
6L4.2

1

301.0
1

LZ6.9
0

0

1

257.7
I

L26.7
1

203.0
2

3r3.7
3

671.8
0

0

3

402.3
0

0

0

0

2
434.3

5

856. 5

0

0

2
301.8

0

0

4

1300.2
4

1556. 5

4

1194.3
4

LL?I.2
9

2328.3
4

1296.8
2

714.8
3

1109.3
1

438.8
1

27t.5
6

1456.1
2

L203.7
5

1634 .0
4

954 .6
4

1281.6
3

827 .O

t

1300 .5
2

8L2.2
0

0

0

0

0
0

0

0

0
0
1

3L4 .7
0

0

0

0

0
0

0
0

1

314.0
1

3I7 .3
0
0

0

0

0

U

11
273r.L

I
2439.8

10
L97 6 .4

L2
2179.4

7

1639. 1

11
2459.6

7

1637 .6
10

2402 . I
11

27 42.8
3

L492 .6
I

1189.9
I

1s98.3
3

L5L7.7
9

2443.7
t2

2014.7
10

t777.2
10

1687 .7

0

0

0

0

0

0

1

332.
0

0

0

0

0

0

2

931.
1

489.
2

1053.
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

I

Itt
O



Appendix ll. Continued.

PIant

I'faximun Ëuber diameter (D cm)

<3.8 3.8<DS4.4 4.4<Df4.8 4.8<Df5.1 5.1<DS5.7 5.7<0f7.0 7.0<DS7-6 7.6<DSL1.4 Total

GH-SXI No.: 0 0 2 2 0 I 0 0 L2

Masg: o 0 168.8 997.2 o 2205.9 0 0 277L.9

¡Gr¡sshopper lX Tr.atncnt, Plant A2Gr¡¡¡hopp¡r 3X Tr.rtmnt, Pì!nt ArGrrrrhopprr 5X Tr.¡tm3nt, Plônt A

H
Ltt
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CHAPTER IY

GENERAL DISCUSSIOI{

In these studies, economic injury levels were deveìoped for the

potato flea beetle on cv. Russet Burbank potatoes. Injury levels were

determined for pì ants which d'id, and did not suffer early season

defol i at i on by Col orado potato beetl e. The I evel s are preì 'imj nary, but do

show that defoliation by normal fjeld densities of Colorado potato beetles

jncreases the sens'itivity of plants to late season defoliatjon by potato

flea beetles. To better model the response of p'lants to both pests and

examine variatìon among years, further trìals must be undertaken which

ìncorporate a greater range of field densìties of both insects. Also

needed i s an exami natj on of pì ant response to potato fl ea beetl e

defol 'i at'ion whi l e dens j t'ies of Col orado potato beetl es remai n uncontrol l ed

for the duration of the season. To ensure mult'ipìes of field dens'itìes

are ana'logous to actual numbers of jnsects in Russet Burbank potato

fjelds, further sampììng of non-sprayed and sprayed fields of potatoes

should also be undertaken. Finally, jt would be valuable to examine

whether the same response occurs j n other vari et j es of potatoes, ori s

restricted to Russet Burbank.

The difference jn susceptibiìity of plants to potato flea beetle

defoliation allows the impìementation of djfferent iniury levels for the

periphery and centre of commercjal potato fields. The loweriniury leveì

(4-19 beetles) is appropriate for field margins where Colorado potato

beetle defoliation is greatest. In the centre of fields, the density of

Colorado potato beetles is near zero, thereby necessitating the higher
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injury level (300-335 beetles), since these plants may exh'ibit

overcompensatjon. Although further research is necessary, the use of two

different injury levels for separate areas of potato fields is likely to

reduce pestìcjde use agaìnst potato flea beetìe, as control appears to be

warranted only along field marg'ins jn l,lanitoba.

In Part 2 of Chapter III of this thesis, an attempt was made to model

the spat'i a'l and temporaì accumul ati on of feedi ng punctures per I eaf I et.

By doing this, a relat'ionship between accumulated potato flea beetle weeks

and numbers of flea beetles per plant was determjned. This provides an

ind'irect method for calculating numbers of potato flea beetles per plant

from feed'ing punctures per leaflet. The accumulation of feedjng punctures

was confirmed to be an extremeìy complex process; therefore, it'is not

surprising that other studies have found little change in yìeìd wjth

greatly differing numbers of holes in leaflets (Thompson 1984, 1985 1987).

tlhat is next needed'is a more intensive study of how potato flea beetles

cause the accumulation of feeding punctures on leaflets. In order to

implement any econom'ic injury level for potato flea beet'le, an index of

damage is needed for decision making. Therefore, better modelì'ing is

needed not only to prov'ide a direct measure of potato flea beetle numbers,

but to predict peak population numbers and when they wil'l occur. The

modelìing done in this thesis pred'isposes further studies to cons'ider the

effects of plant microenvironment and popuìatjon density processes.

The f ind'ing that sequenti al stresses on potatoes causes negat'ive

synergistic effects on yjeld may have imp'l'ications for other potato pests.

Such insects as potato ìeaf hopper, Enpoasca fabae (Harris)' and aphids
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are both late-season pests of potatoes in I'lanitoba (Senanayake and

Hoì'l 'iday 1989) . If , after early season Col orado potato beetl e

defoliatjon, pìants are SensitjVe to any generaì'ized iniury, reduced

dens'ities of these jnsects may aìso cause reductions in yjeìd. In 1989,

the non-orthogonaì'ity between aph'id ranking and treatments (Chapter III;

Part l) may be jndicative of the sensit'ivity of plants, after iniury by

Colorado potato beetles, to late-season aph'id feeding.

The development of most economic injury levels for crop pests has

been based on the injury caused by one specìes of insect (or s'imulated

injury thereof) to a particular plant host (Ped'igo et al . 1986).

Synergistic effects caused by multipìe pest feeding are not welì known,

because few studies have attempted to examine mult'iple herbivore-plant

jnteract'ions (Poston et al . 1983). Sequential art'ific'ial defol iat'ion has

been attempted on some crops (Thomas et al . 1978), but negative

synergistjc effects, such as seen in this thesis, h,ere not evident. Plant

response to multipìe pest defoliation'is likely dependent not onìy on the

host crop, but on the nature of the iniury as well. Aìthough more

research is needed to develop controì strategies for multiple pests, the

use of economic injury levels may be unsuitable for this purpose (Pedigo

et al. 1986). For econom'ic injury levels to be of use, aìl iniuries must

produce a similar host response, and all iniuries must be additjve and not

jnteractive. An improved understanding of physiological responses to

injury could be 'incorporated jnto economic injury leveìs 'if equivalent

unjts were developed for guilds of species wjth sjmi'lar types of iniuries.

Thjs way a single injury level with standard units of injury couìd serve
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for pest complexes. However, if iniury type varies or, as shown'in these

stud'ies, sìgnificant interact'ive effects occur between pests, the concept

of an economic injury level for multip'le pests 'is very djfficult to

i mp'l ement . The goa'l s of integrated pest management wi I I cause more

modelììng of multipìe pest ìnteraction to take pìace; however, the

poss'ible non-add'itive effects of mu'ltiple pest defol ìat'ion must be

accounted for.

No relationship was found between the density of adult or larval

potato flea beetles and the occurrence or severity of common scab djsease

of potato tubers, nor was it determined whether the larvae could act as

vectors of the disease. Th'is question may be of importance for the

commerci al grow'ing of suscept'ibì e potato vari eti es . In order to answer

this, laboratory studìes must be undertaken in which susceptible varieties

of potatoes are grovrn in 5. scaóíes inoculated sojl. Only by doing thìs,

and specifically ìsolating the pathogen from the larvae, can this quest'ion

be definitively answered.

The jnvestigation of grasshopper feeding on potato pl ants was

preììminary, but seemed to indicate that the feeding of ll. birftúatus and

ll. sanguinipes might be'inhibited by particular defences of Solanum spp.

to herbivory. llild Solanun spp. produce toxic substances, such as

g'lycoalkaloids, which deter feeding by even well-adapted species (Hsiao

1974). The cultivated potato is the result of genetic breeding, but still
possesses feeding deterrents derived from its ancestral lineage (Burton

1989). Although Colorado potato beetles, potato flea beetles, potato

leafhoppers and aph'ids have evolved to feed on potato foliage, generalist
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feeders ì'ike grasshoppers seem to have been unable to utilize the potato

pìant as a host. The coding for such chemical defences must be retained

in the genome of 5. tuberosun when propagating new cult'ivars, otherwise,

entjre new pest complexes for potato crops have the potential for

devel opi ng .
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