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B IOLOGY AND DAHAGE ASSESSMENTS OF

OILSEED BRASSICAS GROl^lN

In westenn Canada, lygus bugs are often present 'in oil seed Brassica

ct^ops, collectively referred to as oilseed rape. Studies wene conducted

to determine whether or not oilseed rape js an acceptable host for ìygus

bug and to assess the impact of ìygus bug feeding on the o'il seed nape

pì ant.

Lygus bugs wene sampìed from 1982 to 1986 in fields of oilseed rape,

Brass'ica campestni s L., and B. napus L., and al fal fa, I'tedicago sativa L.,

in Alberta. 0f the three species collected, Lygus elisus Van Duzee was

the most abundant in rape in four of the years, and L. lineolaris

(Pal i sot de Beauvoì s) was the most abundant 'in the f'ì fth yean. L_.

boreal ì s (Kel ton) was the most abundant 'in al fal fa. Al I three spec'ies

repnoduced and reached maturìty in rape and alfalfa.

Lygus adults were first collected in nape when it reached the bud

stage. Populations reached a peak in August when rape was in the early

pod stage. A single generation of ìygus bugs was cffnp'ìeted in the three

crop specìes. Seedìng date influenced the abundance of'ìygus bugs in

rape such that the highest densitìes were found'in the cnops whìch

reached the bud stage earliest. Lygus bugs are potentìalìy serious pests

of oil seed rape because their phenoìogy assures t,hat the laten-'instar

nynphs and adults are pnesent in the crop when seeds ane deve'ìopìng.
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Lygus bugs were monitored in field p'ìots of fjve cultivars of ojlseed

rape, B. napus and B. campestris, containing 1ow or high ìevels of

gìucosinolates. At the early Pod stage, the number of lygus bugs

collected d'id not di ffer among cul t.ivars of the same species. Nymphs

reared on the five cultivans had the same survival and developnental rate

regardless of the glucosinolate status of the cultivar. Survival,

development, and growlh were conpared for nynphs reared in the'laboratony

on exc'i sed I eaves o f rape and al fal fa . Nymphs deve'l oped faster and had

higher sunvival when reared on rape than when reared on alfalfa.

However, the dry weìghts of adults collected from an alfalfa fìeld were

sìgni ficantly higher than those reaned on al fal fa in the I abor'atony

ì nd'icat'ing exci sed al f al f a may not be as good a source of food for'

laboratony tests as excised rape. The results demonstnate that oilseed

Brass.ica crops with high or low levels of gìucosinolates are both

suitable hosts fon the thnee species of lygus bugs.

Lygus bug 'injury to oìlseed rape, B. napus and B. campestris was

assessed both in plots and consnerc'ial fields fnom 1984 to 1986. The

symptoms of injury by lygus bugs in o'il seed r^ape were s'imil ar to those

described in other crops. Repnoduciive ongans which have been ìnjuned by

ìygus bugs may tunn brown, shnivel up, and abscise. This type of injury

js termed "blastìng". Lygus bug injury nesulted in s'ignìficant increases

in the number of "blasted" buds, flowers, and seeds. Bud loss was

cqlìpensated fon by the pnoduction of more pods ìn 1984 and 1985.

However, ìn 1984, the pods on'injured plants wene sign'ifìcantly lìghter
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in we'ight, resul ting ìn a decl ine in seed production with 'incneased

inj ury. Compensation for fl ower I oss al so occurred, but seed production

declined as ìnjury increased jn both years. Conpensat'ion for seed injury

dr'd not occur in e'ithen year. The resul ts indicate that ìygus bug 'inj ury

does occur i n oil seed rape and has the potentì al to resul t 'in econcn'ic

losses in this crop.

The ìmpact of lygus bug Ínjury ìn oil seed rape vlas assessed 'in p'lots

and ccnnmercial fields of B. napus L. and B. campestrjs L. lilhen lygus

bugs were controlled at the ear^ly pod stage of oil seed rape ' yield

increased by 11-35%. Lygus bug dens'ities reached 52 lygus bugs per 10

sr,eeps at the early pod stage ìn 1985. Ne'ithen insecticide appl icat'ions

at bud stage nor fìowering resul ted in 'Ìncreased y'ields. The percentage

of seeds'injur^ed'increased, and the yjeld decneased, as'lygus bug densìty

i ncreased . A'l so , yi eìd decl i ned as the percentage of seed i nj ured by

lygus bug increased. These relat'ionships foìlowed the same trends in a

number of expeniments conducted over two yeans, but many of the slopes

defìning the trends were not statistically significant and the predictive

va¡i ables accounted for nel atively smaìl proportìons of the variation.

Hor+ever, the relatìonshjps between ìygus bug density, percentage of seed

i nj ur"ed by ì ygus bug , and o'il seed rape yì eì d support the concl usì on that

ì ygus bug can cause agronornicaì'ly important I osses of oìl seed nape under

field conditions in Alberta.
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I INTRODUCTION

1. i The Problem

Many spec'ies of the genus Lygus (Heteroptera: Miridae), are

economi cal I y important agricu'l tural pests i n a vari ety of crops (T'i ngey

and P'illemer 1977). They ìnjure thejr hosts directìy by feeding on them

(Strong 1970) and ind'irectly by ìnducìng responses which are detrimental

to plant growth (Hori i976). Lygus bugs are polyphagous but show a

di stj nct pref erence for the reproduct'ive parts of the'ir host p'l ants

(Strong 1970). Most of the'injury due to'lygus bug feeding cccurs to

the buds, flowers, and seeds of jnfested plants.

In western Canada, lygus bugs are often present'in oilseed Brassica

crops, col I ect'i veì y referred to as oi I seed rape. The amount of oi I seed

rape grown in western Canada varjes yearly, but in genera'ì, Ít is the

thjrd most abundant field crop after barley and wheat (Alberta

Agriculture 1988). The pest status of lygus bugs in o'ilseed rape is

unknown. There are no pub'lished reports of lygus bug infestjng or

injuring oílseed rape in Canada and very few reports of infestations in

these crops from other parts of the world (Hori and Hanada 1970). Thus,

there is no reliable information on which to base dec'is'ions regardìng

control of lygus bug ìn rape.

The specìes compositjon and seasonal occurrence of lygus bug in

oìlseed rape has not been documented in North funerica. In Japan, one

specìes of lygus bug ìs known to comp'lete a sìng'le generatjon on wild

crucjfers after it ccrnpletes a generation in adiacent clover fields (Horj

and Hanada 1970). However, ìn the short season available in western

Canada, it js not known whether lygus bug can successfuì'ly compìete a

generat'ion 'in contnerci al oi I seed rape crops.
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The common cultivars of oilseed rape produce seed with low levels of

gìucosìnolates and erucjc acid, and are known as Canola. The

transf ormati on to I ow g'l ucos'i nol ate cul ti vars occurred i n the I ate

1970's. Glucosinolates are important to insect herbivores because they

are believed to be feeding deterrents for genera'lists and attractants for

crucifer specìalists (Feeny I977). Glucosjnolates have been identified

as feeding deterrents for one species of ìygus bug (Hatfield et al.

1982). The'impact of the reduced level of gìucos'inolates jn Canola on

the abundance of 'lygus bug'in the crop has not been jnvestigated.

Many ìnsect pests attack Canola crops (Lamb 1989). However, Canola

is often able to compensate for jnsect injury (l,,lìlliams and Free i979).

in western Canada, the flea beetìe, Phyllotreta spp. and the Bertha

armylJorm, Mamestra conf igurata ll'ìk. are the two major pests which

conrnonly necess'itate control in th'is crop (Lamb and Turnock 1982, Bracken

1987). Lygus bugs have been noted in Canoìa grown'in Alberta (N.

Doljnsk'i, Alberta Agrìculture, perS. conrn.). However, the synptøns of

i njury caused by lygus bugs 'infesti ng Cano'ìa have not been descri bed.

1.2 ObjectÍves

The overall objective of the research described ìn this thesis was to

determìne the pest status of lygus bugs in Canola. The study was

conducted wj th the fo'l 1 owì ng specì fi c obiecti ves:

1. To describe the specìes composit'ion of lygus bugs in Canola, and

the changes in lygus bug densities in relation to crop pheno'logy.

2. To evaluate the'impact of the glucosÍnolate status of the crop on

the ab'iìity of ìygus bugs to exploit ojlseed rape as a host.
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3. To describe and assess the types of injury caused to oiìseed rape

plants by lygus bug feedìng.

4. To determine the impact of jniury by ìygus bug, especia'lly as

regards yie'ìd reductions in Canola.

Knowledge of the specÍes composition and seasonal abundance of lygus

bug'in relatjon to crop phenology'is a basic prerequisite for

understanding the'impact of lygus bug on the crop and for p'lannÍng

control programs if control is necessary. Knowledge of the suitability

of va¡ious cultivars as hosts may heìp us understand when lygus bug began

exploiting o'ilseed rape as a host and whether cultìvars mìght be chosen

that are less suitable as hosts. ldentifjcation of injury wìll aid in

the separat'ion of lygus bug ìnjury from injury due to other causes.

Knowledge of the types and timìng of the injury and its consequences for

seed productìon will aid in decjdìng whether control is necessary and on

the tìming of control measures. Finally, knowledge concern'ing the impact

of lygus bug feedìng on the yìeld of ojlseed rape ìs essentjal for

deciding whether control of ìygus bug is necessary, and for developing

econcxnic thresholds in the future.

I . 3 Thes'i s 0rgani zati on

The thesi s i s divjded 'into four major secti ons: introductìon,

L'iterature Rev'iew, Research, and General Di scussi on. The L'iterature

Rev'iew 'introduces background ì nformatì on on the feedi ng bi o]ogy of lygus

bugs and the responses of oìlseed rape to insect iniury. The Research

sectjon describes the new research that was conducted on'ìygus bugs in

oìlseed rape for thìs thesis. This section is organ'ized around the four
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specific objectives I isted above. Each of these is addressed in a

separate section written in the style of a scientific paper. The General

Discussion relates the important observations and conclusions from the

four research papers and provìdes general conclusions on the pest status

of lygus bugs in oilseed rape.
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?. LITERATURE REVIEìtl

2.I Lygus Bug Cl ass'i f i cati on , Di st ri but j on , and Econom'i c Importance

The genus Lygus Hahn was first described in 1833 and for many years

included a diverse group of species under several subgener'a (Keìton

1975) . Af ter many rev'is'ions, the genus i s now said to conta'in 43 known

spec'ies worldwide, of which 34 occur in North America, 7 in Europe, and 2

'in As'ia (Ke'ìton 1975). Twenty-two spec'ies have been col lected on the

Canadian Prairjes (Keìton 1980). The Lygus genus contains many

econom'ica'l1y important species collectiveìy refenred to as "lyguS bugs"

or "ìygus" in the scjentific jiterature.

Lygus bugs are distributed throughout Nonth America on a w'ide varìety

of host pìants. Lygus hesperus (Knìght) is reported on more

than 100 pì ant speci es ì n 24 f ami l'ies (Scott 1977). !-. I i neolari s

(Pa1ìsot de Beauvoìs) is reponted on 328 host p'lant specìes (Young 1986).

L. elisus (t/an Duzee) and L. desentinus (Knight) are found on many weed

spec.i es (Fye 1980 , 1982b )

Several ìygus bug specìes are recognized as pests of cultìvated

crops, usualìy injurìng seeds cr fr"uit (Kelton 1975). In westenn Canada

lygus bugs are serìous pests of alfalfa, Medjcago sativa L., gt'own for

seed (Cnaig 19S3). Lygus bugs accounted for a 45% loss of apples on

unsprayed trees, in Quebec, in 1979. Over a three year study a mìnimum

of 20% of the apples were deemed unmarketable (Boivin and Stewart 1982).

Lentìls are downgraded if lygus bug injury is found on more than 3% of

the seed (Summerfield et al., 1982). Lygus bug can be a serious pest of

many dìfferent crops. Thenefone, the factors that alìow lygus bug to

utì I i ze such a vari ety of hosts are 'important.



2.2 Host Pl ant Interact ì on

2.2.I Feedi ng Bì oì ogY

Nutrjt'ional requirements strongly influence periods of activ'ity'

numbers, and distribut'ion of ìygus bugs in the field. Lygus bugs requ'ire

a nel'iable source of water to maintaìn theìr waten balance (Cohen 1982).

Daily water loss is equivalent of 50 to 100% of thejr body we'ight. l'lhen

obsenved for 15 minutes per day for 20 days L. hesperus spent more time

actively feeding than jn non-locomotion, locomot'ion, tapp'ing or pnobing

p'ìants (Hatf ìeld et al . 1983) . 0n nare occas'ions, ìygus bugs have been

seen phloem feeding, presumably to obta'in water rathen than food (Miìes

I972). Lygus bugs are act'ive at times at which humidÍty ìs normal'ly high

and rest'in locatjons where waten loss ìs reduced. Lygus spp. collected

ìn alfalfa and safflowen have peak periods of f'ìight activity at 5 a.m.

and 8 p.m. (Butler 1972, Mueller and Stern 1973). l_. hesperus nemains on

average five to seven nodes down from the terminal part of the cotton

pìant. Seventy-five pencent of those nest'ing on Ieaves nemain on the

bottom surface (}.lì1son et al . 1984). At this locat'ion, temperatures are

approximatel y 2"C less than air tempenatures (Fye and Bonham 1971) and

wìnd speed ìs reduced by two-thìrds (Edwands and trlnatten 1980); these

colrtri bute to a I owen rate of evaporat'ion.

The quantìty of food present also jnfluences 'lygus bug distribution

'in the field. Lygus bug numbers ane positively cornelated with pìant

density (Le'igh et a'l . 1974) and negati vely correl ated w'ith p'lant sì ze

(Fye 1982a). Lygus bug d'istribution wìthin the pìant canopy ìs

cornelated w'ith the distr''ibution of fruit'ing structures (t.l'il son et al .
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1984). In cotton,85% of the green bolls and 97% of the squanes are

located in the top two feet of the crop canopy. Hhen cotton is'in the

green boìl and square stages, 70-i00% of all insect spec'ies are located

'in the top two feet of the canopy (Fye 1972).

Lygus bugs f eed pnef erenti al I y on merì stemat'ic t'issue of act i veì y

growìng plants, i.e., growing tips, buds, f'lowens, and seeds (Str"ong

1970, Hori i971b). These aneas are high in chloride 'ions, n'itrate ìons

and g'lutamine (Horì 1974a). Upon ìngest'ion, these products are

tnansferred to the gut in suffic'ient amounts to activate the gut amylases

(Hori 1971c). As a result the amyìase, wh'ich is normaìly actìve under

acìdic condjtions, 'is also strong'ly activated on the alkal'ine side of the

optìmum pH (Horì 1969). This promotes the dìgestion of higher moleculan

weight polysaccharjdes, whìch are otherwise d'ifficult to utilìze (Hori

i971a). As a result, the insects ane ab'ìe to digest'low and high

molecular we'ight polysaccharìdes (sugar and starch) to an equal degree

(Hor"i 1974a) and therefore, flây be abl e to uti l'i ze stanches as wel I as

sugars fon their carbohydrate source in nature.

Because lygus bugs show a preference for feeding on meristematic

t'issue (Strong 1968), their behavìor is closely ìinked with the growth

stage of the host. To feed cont'inual'ly on the fnuìtìng stages they must

do one of three thi ngs : 1) f eed on a host that conti nual ì y f'loweÍ's

(Scott 1983),2) utilize a serìes of hosts (Cleve'land 1982), or 3) feed

on a host that will produce more fruit'if ìnjured (Strong 1968).

Carrots flowen indetermjnately and so pnovìde food for L. hespenus

all season long (Scott 1983). Alfalfa 'is also a long season crop wh'ich
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maintains ìygus bug populations throughout the growing season while other

cr.ops grown 'in the same a¡ea do not (Khattat and Stewart 1980).

Many Lygus spec'ies utjljze a series of hosts durìng the season

(Khattat and Stewart 1980; C'leveland 1982; Fye 1980). They are finst

found on each of the crops dur^ì ng the bud and bl oom stage (Khattat and

Stewart 1980). Egg layìng occurs on most of the hosts v'isited, however,

nymphal surv'ival is not always high (Cleveland i982). Nevertheless,

nymphal survival is high enough overall that substantial overwinterìng

populations r^esult (FYe 1980).

Alfalfa is one of the preferred hosts of several species of lygus

bugs (Cave and Gut'ierrez 1983; Khattat and Stewant 1980). Alfajfa

compensates for bud loss by producing more buds (Strong 1968). In

one exper jment, three groups of 10 stems were ma'inta'ined wi th 10, 20,

and 30 seed pods pen stem. All of the buds were nemoved from each

stem. In 5 weeks, the stems with 10 pods pt^oduced 17.8 buds/stem'

those with 20 pods yielded 8.1 buds and those wìth 30 pods yielded

6.1 buds. Thjs nesponse has been demonstrated in other crops. Cotton,

confined with ìygus bugs, continues to form buds for as long as the buds

are jnjuned. However, if the lygus bugs are removed several fruits

devel op and bud pnoducti on decl i nes (McKi nì ay and Gee¡i nS 1957 ) . By

feeding on hosts that are able to compensate fon injury, lygus bugs have

a food suppìy that is renewable and available for extended periods of

time.



2.2.2 HOST SELICTION

Patterns of host attraction and acceptance for L. lineolaris

(Hatfield et al. i983) follow the same general pattern as all

phytophagous insects (Mi'les I972). Initjal orientatìon ìs ach'ieved

thr.ough v'isual and ol f actory stìmul'i (Prokopy et al . I979, Ave et al .

1978). Adults of the species L. l'ineolaris make significantly rnore

vìs'its to nectangles pa'inted certaìn colors (e.g., white, yeììow) than to

those painted other colors (e.g. black, ned, gneen, blue, and orange).

However, c'lean pì ex'igl ass rectangl es captured as many adul ts as

r^ectangles approximating the same spectra'l refl ectance patterns as part

of the'ir host p1ant, i.e., appìe buds, b'lossoms foìiage, or bark (Pnokopy

et al. 1979). Thìs is true even when the tested colons are appfied to

surfaces approximating the size of the plant parts normally visited by

the adul ts (Prokopy and Owens 1978) . Therefone , al though v'i sual stimul ì

may pìay a role 'in the responses of ìygus bug adu'lts vìsiting a host

plant, the pnecìse nature of this role is yet to be determjned.

0lfactory cues may also be ìmportant. Removal of the rostnal tìp

sensilla or antennae of adults abolishes a feeding preference for frego

bract over normal cotton squanes (Ave et al. 1978). Th'is demonstnates

that hosts may be recogn'ized, at least f rom a short di stance, tht"ough

o'lfactory cues fnom chemosensilla present on the rostrum and antennae.

0nce L. lineolaris arlives on a plant, locomotion occurs, wjth

s'imultaneous nostral and antennal tappìng. Both chemosensillae and

mechanosensillae (Ave et aì. 1978) on the rostrum provìde sensory ìnput

at this point.
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l^lhen locomotjon ceases and sty'let probing beg'ins ' sal'ivat jon and

rei ngest'ion of sal'ivated material occurs (Mi ì es L972). The ì ygus bug

tests the food source using epipharnygeal chemosensillae and allows for

modj fication of ingestion by stimulants and deternents (Hatfield et al.

1982). Sugar stìmulates feeding by L. lineolanis. The degree of

stimulation depends on the type of sugar" pnesent (Hatfield et al . 1982).

Certain tannins, quinones, phenoììcs, glucos'ides and alkaloids deter

feeding (Hatfield et al. 1982). Cotton tannjn is one of the most

effective feed'ing deterrents. Leucine, an am'ino ac'id, also detens

feedì ng. Gossypof i s a feedì ng deterrent whì ch ì s present 'i n epi de nmal

pigment glands of pìants of the genus Gossypium (Eagle et al. 1948).

Cotton pìants which are devoid of these glands are more susceptjble to

ìygus bugs than gìandular cotton w'ith glands (T'ingey et al . 1975).

Facto¡s whjch influence termination of feedjng have not been

determ jned. Sensory adapti on , central programm'ing, or i nput f r"om gut

stretch receptors may be involved (Hatfield et al. 1983). Before feeding

is termjnated, severe injury to the plant host may be induced by both

mechanical destruction of plant tissue and physìo1og'ical reactìons of the

pl ant.

2.3 Feeding and'iniunY

2.3.I Feedì ng Mechan'isms

The mouthparts of lygus bugs ane of the p'ie¡c'ing-sucki ng type. They

form a slender segmented beak that arises fnom the fnont part of the head

and extends back along the ventral side of the body sometimes as far as

the base of the hind ìegs. The segmented port'ion of the beak is the
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I ab j um wh'ich serves as a sheath for the four pi erc'ing styl et bri stl es

(two mand'ibles and two maxi I lae). The maxillae f it togethen 'in the beak

to fonm two channeìs, a food channel and a salivary channeì. The labrum

is a shont Iobe at the base of the beak on the anterior sìde (Bor"ror et

al . 1976).

Lygus bugs feed usìng a lacenate and flush method without secretion

of a sty'let sheath (Miles 1972). A small amount of saliva is extruded

from the rostrum to the feedìng site. Th'is deposit'ion 'is repeated

several t'imes and occasionally the bug wììì suck the juìce up presumabìy

"tasting" the host (Mììes 1972). Assuming the "taste" 'is satisfactory

the stylet is insented, w'ithdrawn partia'l1y and neinserted several t'imes.

During the penetration and w'ithdrawal pnocess copious amounts of fluid

emerge from the stylet. Thìs saliva contains several substances which

aid in the feeding pnocess (Mììes I972). 0nce the laceration is

compì eted the fl u'id ì s ingested. Laceration, saì ivary secnetìon and

ingestion can take up to 10 mjnutes for L. hesperus. The obljtenated

anea 'is coni cal and has a maximum width of about 1 rnm (Str^ong 1970) .

In the process of ìngesting the saliva, considenable amounts of

I iquì fi ed pì ant materi al are al so i ngested. L. di sponsj Lj nnavuori

withdraws an avenage of 82.5 mg pl ant ju'ice per^ bug oven f jve 'instar

stages, whìle the adult wìthdraws 7 - 13 mg of p'ìant juice/day (Hori

197ia). L. hesperus can'ingest the lìquifìed contents of an alfalfa bud

j n onl y 23 seconds (Str^ong i970 ) .

The compositjon of the sal'i va has been invest'igated by a number of

researchers (Mi1es 1967, Strong and Knu'itwagen 1968, Hori I974b, 1975).

Polyga'ìactunonase (pect'inase) solubolizes the middle lamella (layer
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between cells) of plants, thus ajd'ing penetratjon and maceratìon of the

plant tissue. 0ther enzymatìc components of saliva such as amyìases and

proteases appear to a'id external digestion of insoluble organic nutrients

(T1ngey and P'illemer I977). Some non-enzyrratic components may orig'inate

ìn the food source after tnansport from the gut to the salìvary glands

f ol I owing i ngesti on. Fon examp'le, di etar^y ami no acjds have been detected

'in the sal'iva of many mj r j ds (Nuonteva and Laurema 1961, Mi I es and Ll oyd

1e67 )

A growt,h promoting factor can be ìsolated from the salìvany gland of

L. disponsì (Hor'ì 1974b). This factor inhibits indole-3-acetic acid

(IAA) activ'ity to promote IAA actìvity. Therefone, if ìt is ìnjected

'into the feeding site it will result in symptoms simjlar to those of iAA

.itself (Hor^i 1976). IAA may be synthesjzed 'in the salivar^y glands of

some Hetenoptera (Mìles and Lloyd 1967). However, there ìs no evidence

of IAA jn the salivary g'ìands of L. nuguljpennjs Popp., L. hesperus or L.

disponsi (Nuonteva 1956, Strong 1970, Honi 1974b). An ìnjectìon of 0.5%

IAA'into the food source inhibits feedjng by L. disponsi whereas an

injection of 0.1 to 0.05% stimulates feeding (Hori 1980). if IAA is

'ingested by L. d'isponsi, it 'is converted to a substance with a h'igh

moleculan weight and then is excreted since it can be toxic to the

insects 'if it enters the haemolynph (Hori 1979).

2.3.2 Description of Injury

Injury by lygus bugs can

(Tì ngey and P'il I eme r 1977 ):

morphol ogi ca'l def ormati on of

by Lygus

be categor'.ized into five generalìzed types

I ocal i zed wi 1ti ng and ti ssue necros'is;

fru'ît and seed; abscjssjon of fru'iting



1?
!J

forms; al tered vegetati ve growth ; and tj ssue mal formati on. Symptoms of

each category of injury ane found in a wìde variety of crops (Tabìe 1).

T'issue necrosis often occurs in the immedìate vic'inìty of the wound.

This type of injuny rare'ly influences plant gr'owth unless it is extreme.

When young ìeaves of cotton are injured, ìarge holes may become evident

as the leaves mature, termed "leaf ragging" (Taylor 1945). Thìs may

.influence the product'ion of fruìtìng stnuctunes through the reduction of

photosynthates.

Morphol ogi cal deform'it'ies of f ruit and seed have al so been documented

for sevenal pìants. "Catfacing" ìs a term used to descnibe the deformed

growth that results when the area anound a feedìng punctune in ìar"ge

frujt stops gnowing and the rest of the fruit continues to'increase in

si ze. Thi s symptom is common in peaches (,Rjce 1938) and app'ìes (Boivìn

and Stewart 1982) injuned by lygus bugs. ShnivelIed or defor"med seeds

are also common symptoms of lygus bug ìnjury. "Chalky spot"'is found jn

lentils and other 'legume crops ìnjured by lygus bugs (Sunrnenfjeld et al.

1982). In th'is case, seeds are often discolored, part'iaìly deformed, and

exhìb'it a profusìon of wh'ite material around the s'ight of the wound.

Reproductìve organs which have been'injured by lygus bug may turn

brown, shnivel up, and abscjse. Thjs type of injury ìs termed "bìasting"

and may or may not affect pl ant growth. Al fal fa pl ants often

overcompensate for blasted buds (Stnong 1968). Tomato plants 'injured by

L. l'ineol ar.is produce 42% nore bl ossoms than contnol pì ants (Davì s et

al . 1963). Development of new repr^oductìve organs by ìnjured plants

van'ies wjth the stage of plant development (Strong 1968).



Tabl e 1: Crop
by vari ous

Damage category

d amage
speci es

Local i zed tì ssue
necros'is

14

and symptoms associated with feeding injury caused
of Mì ridae.

Syrptoms

Brown, di scol ored
ti ssue; sunken
I esi ons ;
shrunken anthers

Leaf raggi ng

Bl ackened buds
and fl owers

Bl ack spotti ng
on pods

"Bl eached" areas
on I eaves

Ap'ical seediness
Cat faci ng

Mì sshapen frujt

Shri vel I ed seed

Morpho'logi caì
deformat'ions
of f nu'it and
s eeo

Crop

Cotton
Ca s hew

Cotton

Tea
Coffee

Cocoa

Grasses

St rawbe rry
Peach
Appì e

Cotton
Appì e
Al fal fa
Ca rrot
Gneen bean
Lima bean
Lent'il

Cotton
Tomato
Snap bean
Al fal fa
Tea
App'le
Cab bage
Green bean
Soybean
Grasses

Ref e r^e nce

Pack and Tugwel I 1976
Hi I I 1983

Pea r^son and
Maxwel I -Darl i ng 1958

Cal na'ido 1959
Hi I I 1983

H'i r i 1983

Haws 1978

Al I en and Goede 1963
Ri ce 1938
Boivìn and Stewant 1982

Jensen I972
Pack and Tugwell 1976
Boivin and Stewant 1982
Sorenson 1936
Flemion and 0lson 1950
Khattat and Stewart 1975
El mone 1955
Summerfield et al. 1982

McKinlay and Geering 1957
Dav'is et al . 1963
F'isher-et-ãl . 1946
Sorenson 1F6
Cal nai do 1959
Prokopy and Hubbel I 1981
Getzi n 1983
Khattat and Stewart 1975
Broersma and Luckman 1970
Annott and Bergìs 1961
Haws 1978

Jeppson and MacLeod 1946
Add'icott and Romney 1950
H'il I 1983
Varis 1972
H'il I i983

Abscì ssi on of
f ru'itì ng forms

Pnemature drop
of buds, fl ower,
fnuit

Al tered patterns
of vegetatì ve
and f ru'itì ng
growth

Si'ìvertop (whìte)
heads wi th some
aborted seeds)

Incneased number
of vegetat'ive
bnanches

Mult'iple cnowns
Bunched tenmi nal

g nowth

llllcfllcl

Guayu'le
Cotton
Su ga r beet
Cashew



Iabl e 1: Crop
by various

Damage category

damage and symptoms
speci es of Mi ri dae.

Al tened patterns
of vegetati ve
and frui ti ng
growth (contd)

Sympt cm s

Decreased bi onass

El ongati on of
i ntennodes

Eì ongatì on of
styì et s

Increased p'lant
he ì ght

Stunted p'l ant s

Dec r^eased seed
we i ght

Incneased root
we'ight

Decreased root
we.ight

Increased numben
of frui t

Tìp die back

Spì ìt stem
I esi ons

Swol I en nodes
Leaf crj nkl i ng
Leaf rol I

assoc'iated wi th
(cont'i nued )

I3

feeding 'injury caused

C nop

Al fal fa
Su ga rbeet
Cotton

Coffee

Ca r not
Cotton
Cotton
Soybean
Lenti I
Ca rnot

Su ga rbeet

Cotton

Asparagus

Cotton
Pop'l a r
Cotton
Su g a rbeet
Cott on

Ti ssue
mal formati on

Refe nence

Shull et al. 1934
vari s ß72-
Dale and Coaker 1958

iri I I 1983

Adopted and expanded from Tìngey and Pillemer (1977)

Scott 1969
Tugweìl et al. L976
Hi I I 1983
Broensma and Luckman 1970
Summerfield et al . 1982
Scott 1969

Vari s 1972

Ti ngey et al . 1975

Grafius and Morrow 1982

Ki ng and Cook 1,932
Sapi o et al . 1982
Dal e and Coake r' 1958
Hori 1967
Hi I I 1983
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Alterat'ion of the patterns of vegetative and frujting growth js a

broad category of injury which includes any abnormality that is not

obv'iously ìnsect ìnjuny, i.e., increased root growth, inc.neased number of

tiììers, stunted plants. Carrots grown from seed subjected to lygus bug

injury produce roots which weigh 30 to 40% more than the roots grown from

protected seed (Scott 1970). Lygus bug feed'ing may delay regrowth of

alfalfa hay without pnoducing vìsìble sìgns of ìnjury. In one study, the

heìghts of alfalfa plants wene 10.8, 4.4, and 7.1 cm, ìn cages contain'ing

no i nsects , cages contaj ni ng Adel phocorus I i neol atus (Goeze ) , and cages

contain'ing L. lineolaris, respectiveìy (Newton and H'ill 1970).

Tissue malformations result from ìygus bug punctures in vegetatìve

areas of the p1ant. Leaves become stunted in aneas injured by the

feeding puncture and often swell and fold'in aneas surroundìng the

injured area. In sugar beets swollen nodes, leaf cninklìng, and leaf

r"ol I reduce pl ant v'igour by reduci ng the f I cw of photosynthates (Hori ,

1967). These injured areas cneate a point cf entr^y for disease

organì sms. Spl ì t stem I esi ons on seedl i ng popì an al I ow fungi , whì ch

cause canker disease, to enten and ssnetìmes kill the young sap'ling.

Even i f the tree I 'ives it I acks vi gour^ and bears an unsi ghtl y scar whi ch

increases 'in s'ize with the growth of the tree (Sapio et al ., 1982). This

type of injury as well as those ljsted above may be explaìned by a series

of mechani cal and physi o1 ogi cal factors.

?.3.3 Physiologicaì Exp'lanation

Dest ruct'i on of me ni stemat i c

salìvary pectìnase and nepeated

for Inj ury

tissue, through the combined action of

probi ng, has been pr"oposed as an
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expl anati on for p'lant bug 'iniury (Strong 1970' Strong and Kruìtwagen

l968). Me¡istematìc tjssue 'is the site of aux'in pnoductìon. Injury to

this tissue could lead to a hormonal imbalance and result'in most of the

types of injury attributed to lygus bug (Str"ong 1970). For examp'le, the

destructi on of meri stemat'ic t'issue 'in the termi nal bud coul d I ead to the

altered vegetative growth seen ìn sugan beets (varis 1972). l.

rugul'ipennis feeding reduces stem growth of sugar beets and the loss of

apical dominance may resu'lt in 'incneased growth of the latenal buds and

the product'ion of mul t'ip1e crowns (Rubinstei n and Nagao 1976) .

Morphoìogical defor.matìon of apples and str^awbernies (Boivin and Stewart

1982, Allen and Goede 1963) mìght also be exp'lained by the destruct'ion of

menistemat'ic tìssues within fnuit or seeds. Injury to auxìn-producing

ti ssue on one si de of a f ru'it 'is known to produce I ocai 'ized i nhi b'iti on of

growth and abnormal fruit shape (Nitsch 1950). Final'ly, abscission of

fnujt following the feeding of lygus bug on alfalfa, tomatoes and green

beans (Sorensen 1936, Khattat and Stewart 1975, Davjs et al. 1963) can be

explaìned by the destr'uction of auxin-producing tissue ìn these organs'

because auxi ns pl ay a major ro'le 'in the preventi on of absci ssi on (Thìmann

re72).

Ev.idence suppor.tìng the hypothesis that mechanical and enzymatic

destruction is responsible fon lygus bug injury was obtained'in a study

of L. rugulipenn'is in sugan beets (Varìs 1972). Repeated probìng with a

needle did not lead to typical symptoms of feeding by L. r"ugulipenn'is'

.i .e., mul tì pl e crowns and decreased root we'ight. However, when probi ng

was combjned with the nemoval of plant juices and iniection of pectìnase

most of the symptoms associated w'ith lygus bug feeding were observed.
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Mechanjcal and enzymatic destruct'ion of tissue, howeVen, does not

explain all the symptoms of lygus bug ìnjury. Increased growlh,

hypentrophy of cel1s, and d'istorted leaf growth have all been seen at or

near f eed'ing s'ites (Carten i962, Scott 1970, Hori 1971b) . Non-enzymatic

factors may also be playing a ro1e. Amino acids, oxìdatìve enzymes, and

pheno'lic compounds are more abundant in leaf tìssue exposed to feedìng

(Horì 1976). Also, several amino acids and gnowth promotìng factors are

found in the saf ivany gland and can be iniected into the host tissue

(M'iles and L'ìoyd 7967 , Honi 1975) . It has been suggested that the

sal i vary am'ino ac'ids change the amì no acid pattenn of a normal I eaf and

this may be nelated to the ìncnease in oxidat.ive enzymes (Ho¡i 1976).

The plants produce phenolìc compounds as a result of the attack by the

ì nsect . The attacked cel.ì s rel ease these compounds ; thi s accel erates

necrosis and destnoys neìghborìng ceì1s, thus preventing fut^ther

jnvasìon. Necnosis is the nesult of phenolics being ox'idized and form'ing

quinones which are toxjc to the invaden and the host t'issue (Lev'in 1971).

Thus it is possible that the tissue surrounding the'injured area suffers

the toxic effect of the quinones produced by the pìant itself. Abnormal

growth f ol I ows because quì nones 'inacti vate ami no ac'ids, IAA and vailious

enzymes (Honi 1976) . At the same time, the growth-promot'ing f actor^s i n

the salìva spread to the surnound'ing tissue promotìng IAA activìty and

result in the unbalanced gnowth between injured parts and surroundìng

ti ssue ( Horì 1976 ) .

In summany, the causes of injuny and malformation caused by mirid

feedjng ane as fol lows; s.ites of meristemat'ic tissue are attacked;

growìng t'issue i s mechanically destroyed by the jnsect stylets;
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neighboring cells are destroyed by pectinase and other enzymes; growth in

the injuned area is inh'ibìted by quinones; and growth in sunrounding

tjssue ìs promoted by pìant gnowth promotìng factors from the saljva.

The above factons are modi f i ed accord'ing to how sens'iti ve the pì ant

ìs to feed'ing'injury. For exampìe, sugar beets are much more sensit'ive

to 'lygus bug feedì ng than i s chi nese cabbage (Ho¡i and Ataìay 1980).

2.4 Insect Injuny in Relation to Growth of 0ilseed Rape.

Insects may cause injury to roots, stems, buds, flowers, and seeds of

oiIseed Brass'ica crops such as nape (Lamb 1989). Lygus bugs are not

I i kely to feed on roots, howeven, they have been noted 'iniun'ing a'll the

other plant parts jn other crops (T'ingey and Pillemer 7977). Lygus bugs

have been noted ì n conrnerci al cruc'if er cnops (Hor^i and Hanada 1970, Scott

I977 , Getz'in 1983). However, the econom'ic 'impact of lygus bug 'injury ìn

ojlseed rape has not been assessed.

0'il seed rape i s abl e to cornpensate for i njury to vari ous pl ant parts

(Tatchell i983; and I^l'illiams and Fnee 1979). The impact of insect injury

on oiIseed rape vanies with the crop stage of the p'lant at the time of

attack, and depends on how that crop stage influences seed y'ie1d. The

seed yìeld of an 'individual pìant 'is determined by the number of pods,

seeds per pod, and the weight of indjvjdual seeds (McGregor" 198i).

Cruc'ifer seedlings are susceptible to lygus bug feeding. Fye (1982c)

found that severe injury occurred to cruc'ifer seedl'ings when L. elisus

adul ts were conf j ned on the seedl 'ings for' 48 h; i n many cases the

seedlings wer'e kjlled. Howeven, jn the field, a change in dens'ity of

seedlings in the crop may not lead to a change in y'ieìd. Plants grown at
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lower densjties produce more pods and leaves and have largen stems and

roots (Rood and Major 1984). A reductìon from 200 to 40 seedl'ings pen

squane meter leads to a 20% or less loss ìn yìeld (þbGregor 1987).

However, regardless of the crop's ab'iììty to compensate for seedling

injury, the phenoìogy of'lygus bug suggests that this insect may not

enter the crop until the bud and flower stage has been reached (Khattat

and Stewart 1980 ) . Therefo¡e, seed'l i ng i nj ury by ì ygus bug may not 6ccui'

in the field.

Buds and flowens are shed naturally by oilseed nape p'l ants. Up to

60% of the buds may abscise wìthout a not'iceable reduct'ion ìn yieìd

(Hll.iams and Free 1979). itbscission mostly occurs towands the end of

fl owerì ng or I ater, and i s most prevaì ent ìn I ater devel op'i ng

i nfl orescences ì ndi cat j ng a potenti al fon recovery f r^om earl y 'inj uny by

retent'ion of buds that would otherwi se abscise (McGregor 1981).

r4eligethes spp., beetles whìch feed on buds and flowers, cause little or

no r.educt'ion 'in y'ieid at low I evel s of infestatìon and may even cause

slight 'incneases ìn yìeìd (Nìlsson 1987). Yield r^eductions do, however,

occur at high leve'l s of infestatìon indicatjng that there is a lim'it to

now much the p'lant can compensate (Nilsson 1987; Sylen and Svenson 1976).

Seed ì nj ury coul d be ccrnpen sated f or by a ned uctì on 'in natural

abor-tìon of seeds (Pechan and l'lorgan 1985), howeven, this has not been

doci¡mented. Attack by the seed pod weev'il , Ceutorhynchus assìmil'is

payk., sometimes results in an incnease ìn 1000 seed weìght (Tatcheìl

1983), and an ìncnease 'in the number of pods developing on auxil iary

nacemes (Tul isalo et al. 1976; Tatchell 1983). However, these effects

are not cons'iStent. Studies cf seed injury are complìcated by



dìfferences 'in seed wejght, seed number, and number of aborted

depending on the position of pods on a plant (Pechan and Morgan

Diepenbnock and Ge'isler 1979; Inanaga et al., 1986). There is

little convjncìng evidence that canola can compensate for seed

2I

seed ,

1985;

as yet

ì nj ury.



2?

SEASONAL ABUNDANCE OF THREE LYGUS SPECIES (HETEROPTERA: MIRIDAI) iN

OILSEED RAPE AND ALFALFA IN ALBERTA.

3.1 Abstract

Lygus bugs wene sampìed fnom 1982 to 1986 in fields of oilseed rape,

Brass'ica campestn'is L. and B. napus 1., and al falfa, Medicago sativa L.,

in Alberta. 0f the three spec'ies collected, Lygus elisus Van Duzee was

the most abundant'in rape in foun of the years, and L. lineolarìs

(Palisot de Beauvoìs) was the most abundant 'in the fìfth year. Lygus

boneal'i s (Kel ton ) was the most abundant i n al fal fa. Al I three specì es

nepr^oduced and r'eached maturity i n rape and al fal fa.

Lygus bug adults fir"st entered rape when ìt reached the bud stage.

Popul at j ons reached a peak in August when r"ape waS 'in the earìy pod

stage. A single generation of ìygus bug was comp'leted 'in the three crop

speci es. Seed'ing date ì nf I uenced the abundance of lygus bug 'in rape such

that the highest densities were found in the crops which reached the bud

stage earliest. Lygus bugs ar^e potentìal'ìy serious pests of oiìseed rape

because thein phenoìogJ/ assures that the laten-instar nymphs and adults

ane present in the crop when seeds are developing.

3.2 I nt roduct'i on

Lygus bugs occur in oilseed rape, Brassìca campestris L. and B. napus

1., but they have not been reported to be a pest of the cnop 'in Canada.

Lygus el'isus Van Duzee is known to injure cabbagê, B. olenacea L.,

(Getzin i983) and attack B. campestris grown for seed in the U.S.A (Scott

I977). Thi s study desc¡ibes the spec'ies composit'ion and seasonal
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abundance of lygus bugs in Canola cultivars of oilseed nape ìn Alberta as

the first step in detenm'ining theìr status as pests. Canola cultjvars

have ìow levels of enucìc acìd and glucosìnolates in the'ir seeds and are

the only cuìtìvars gnown in Canada for human and animal consumption

(Thomas i984). Both spec'ies of oìlseed rape were examined and the

results companed to those fnom alfalfa for wh'ich the pest status of lygus

bugs is well known (Cnaìg 1983).

3.3 Materials and Methods

The species composition and seasonal abundance of lygus bugs were

determined by sampling one corlrner^cial fjeld each of B. campestris, B.

napus, and Medicago sativa L. near Fainview, A'lberta from 1982-1985, and

near. Vegrev'i'l 'le, Al benta ì n 1986. Lygus bug popu'l atì ons were al so

sampl ed 'in experi mental pl ots of Canol a at the same two I ocati ons 'in 1985

and 1986, to confirm that the timing of the invas'ion of the crop is

related to its stage of development.

Sampl ìng Commenc'i al Fields. In each field, thnee widely-spaced

transects were selected. Along each transect i to 3 sample sìtes

were selected to ensune that each site was at least 30 m from any other

site and 20 m fnom the edge of the field. The sjtes wene marked with

flags so that approximately the same area would be sarnpled on each

samplìng date. Samp'les wene taken fr^om 5 s'ites per^ field in 1982 and

1983 and from 10 sites per fìe'ld jn 1984-1986. At each site, a net 38 cm

jn diameter was swept thnough the crop 10 times; each sweep was through

an arc of 180'. ïhe 10 sweeps at each site constituted one samp'le. The

net was evented into a plastic bag and captured'insects were taken to the
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laboratory where nymphs were categorìzed by instar, and adults were

identjfied to species based on the key of Kelton (1975). Nymphs could

not be'ident'ified to specjes. At each sìte, five plants, 1m apart' were

sel ected and the growth stage for each was necorded (Harpen and

Berkenkamp 1975 ) . Ihe fi el ds were sampì ed tw'ice weekl y dut^ì ng the

g¡owi ng Season , or unti I the crop was harvested (16 to 18 sarnp'l 
.i ng days

per yea.r for Canol a and 24 to 28 in al fal fa) . In Canol a, sampì'ing

conrnenced when the crop began to form the first true leaves. In alfalfa,

sampl .ing began in the fi rst week of luhy (þpendices 1 and 2 ).

To determine whether or not sweep samples accunately reflect the

relat'ive frequency of species present 'in Canola, Sweep samp'l eS viere

cønpared to destnuct'ive sanples of Cefined areas in the crop. To sampìe

the lygus bugs in a defined area, the bottom was nemoved from a metal

garbage can,63.2 cm high wìth a dianeter of 42.5 cm at the top and 37.5

cm at the bottom, giving a sample area of 0.11 m2. The can was thrust

vertical'ly into the crop and twi sted until the loi{er rim was

approximate'ly 2 cm bel ow the so j I surface. Pl ant mater^i al was cl i pped

off at ground level, shaken firmly, and removed frqn the can. Plants

vere then beaten on a whjte cotton sheet and any nema'in'ing ìygus bugs

were collected. The ground within the can was searchal, and after the

can was removed, the so'i1 in the sarnpl ed anea was turned and searched.

0n 2 August 1985 when pìants were in the eariy pod stage (5.1) ' a sample

consist'ing of 10 sweeps and five samples of 0.11 m2 were taken in each of

fìve plots of B. napus cv. Andor. 0n 21 August 1986 when plants were

al so 'in the ear'ly pod stage (5.1-5.2), the sampì ing was repeated 'in 15

pìots of B. napus cv. t,Jestan.
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To determ'i ne the specì es composi ti on of immature 'lygus bug ì n the

crops, first to third instar nymphs were collected on 25-29 July 1985 in

M. sativa and B. napus fields by c'ìippìng p'lants at gnound level and

shaking nymphs onto a whjte sheet. The nymphs wene neared to adulthood

in the labonatory on the'ir host pìants 'in a nearìng room held at 22"C and

75% RH, with a photopeniod of 16 h l'ight and 8 h dark. Resultì ng adu'lts

were col I ected and 'ident'if i ed to specì es .

The seasonal patter"ns of abundance were determìned in the fìeld

populat'ions. For the adults, two gnoups were readily ident'ified by the

d'isjunct, b'imoda'l seasonal distribut'ion (Appendìx 1). These two groups

conresponded to the ovenwjnterìng aduìts that'invaded the fields, termed

spr'ìng aduì ts, and the adul ts of the next generaii on whi ch devel oped 'in

the fields, termed the sumner adults. The dates of sepanatjon between

sprì ng and summer gener'ati ons of al I thnee Lygus spec'ies were the same.

Peak dens'ities for the sprìng and suil'ìmer generatìons were compared using

a two way analysis of variance on data transformed by ca'ìculat'ing the

squane root of x + 1. l,lhen s'ign'i f ì cant dì f f erences were detected mean

separat'ions were determ'ined us'ing Duncan's new multip'le range test (Stee'l

and Tonnj e 1980 ) .

Seed'ing Date and Seasonal Abundance. Sampìes from the commencial

fields suggested that the timing of the'invasìon of the cnop was related

to jts stage of gnowth. To test thìs hypothesìs, an experiment was

conducted wjth B. campestris cv. Tobìn and B. napus cv. Westar seeded on

three dates. Species were placed in separate experiments with ìdentical

tr'eatments placed s'ide-by-sìde. The pìots wene 6 by 30 m, seeded at a

rate of 7 f1/ha for Westar and 5 Ug/ha for Tob.in, and separated w'ith 2 n
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pathways. Rows were 20 cm apart, gÍvìng 30 rows per pìot. The p'lots'

with seedìng dates as treatments, were arranged ìn a randomjzed compìete

block design with five nepljcates. The seeding dates were 21 May, i0

June, and 24 June 1985 at Fairv'iew, and the experìment was repeated in

1986 at Vegrevìlle with seed'ing dates of 12 May, 22 l4ay, and 5 June. The

second and thìrd seedìngs were planted aS soon as the pìants of the

preceding seedìng began to form true leaves. In 1985' seedìng was

delayed and B. napus plots were abandoned when they d'id not emerge

because of dr'ought.

The p'l ots were samp'l ed by taki ng 10 sweeps (as descr''i bed above ) 'i n

each at tw'ice weekly ìntervaìs. Samp'ling commenced when the plants

produced the first true leaves and continued until the pods were nipe and

beginn'ing to shatter. Nymphs in the sampìes wene categonized by instan

and counted; adul ts were i dent'i f i ed to spec'i es and counted . 0n each

sampl'ing occas'ion, the growth stages of five plants nean the center of

each pìot were recorded.

To conf i rm the apparent di f f erences 'in 'lygus bug numbers among pl ots

at different growth stages, all p'lots were ìntensively sampled on 26 June

1986 in B. campestnis, and on 30 June 86'in B. napus when the

fjrst-seeded plots were in flower, the second-seeded pìots were ìn bud,

and the last-seeded plots were in the vegetative stage. Intensìve

sampling consìsted of 30 sweep samples and 30 suction samples per pìot.

The suct'ion samp'les were obtained using a backpack D-Vac (D'ietr^ick 1961)

by placing the orìfice of the flex'ible collectjng tube (dìameter of 33

cm) over the plants and thrust'ing it down through the crop canopy until

jt touched the gnound. The co j I ect.ing tube was wjthdnawn and the 'lygus

bugs were nemoved from the net col'lectìng bag.



3.4 Resul ts

Species Composit,ion in Commercial Fields. Three spec'ies of lygus bug

cojlected durìng the study were L. borealjs (Kelton), L. elisus, and L.

l'ineol ari s (Pal i sot de Beauvoì s) . Voucher specirnens of these species

have been deposited jn the Canadjan Natjonal Coì'lectìon, 0ttawa. !.
borealis was the pnedominant species in alfalfa each year, and made up

62-82% of the catch of sumner adults (Table 2 and Appendix 1). !-. elisus

and L. lineolaris made up, on average 14.?% and 9.2% of the catch,

respectively. In both species of Canola at Fairview, L. elisus

predomìnated from 1982-1985 mak'ing up 491" of the summen adul ts 'in B.

napus and 60% ìn B. campestnis, but the other two specìes were also

always present (Table 2). G-tests (Sokal and Rohlf 1981), conducted by

pool ing the numbers collected from 1982-1985, jndicated that the relat'ive

fr.equency of lygus bug differed among crops. The relatìve frequency of

L. bor ealìs was sìgn'ificantly higher ìn alfal fa than 'in Canola

(G = 1244.4; df = 1; P < 0.01) but dìd not differ between Canola species

(G = 0.01; df = 1; P > 0.05). The relative frequency of L. lìneolar^'is

was sìgnificantly hìgher^ in B. napus than 'in either al fal fa (G = 134.9;

df=1; P <0.01) orB.campestris (G=35.0; df=1; P <0.01). The

relat'ive frequency of L. el'isus was s'ignìficantly hìgher ìn B. campestris

than in B. napus (G = 16.3; df = 1; P < 0.01)and higher in B. napus than

in alfalfa (G = 768.3; df = 1; P < 0.01). At Vegreville in 1986, the

specìes compositìon in Canola diffened markedly frøn that observed in

preceeding yeans at Fai rview: L. I ineolarìs predomìnated, L. el isus was

absent, and only one L. boreal'is was found ìn the trro Canola fields.

27



Tabìe 2: Number of adult lygus bugs of the
in three crop species from 1982 to 1985
1986 ìn Vegrevil'le, Alberta.

Crop

B. campestri s 1982
1 983
1 984
I 985
1 986

Year

No . Sam p'l es 
1

B. napus

days2 sites L. boreal i s

28

swnmer genenation collected
'in Fairv'iew, Alberta, and in

6

1

6
7

M. sati va

I 982
1983
1 984
1 98s
I 986

5

5

10
10
10

Lygus species

a

7

9

lT.n r*.ups pen

ZDuy, refers to
generatì on was

11
34
35
7t

0

L. el i sus

5

5

10
1rìIU
1n

i 982
1 983
1 984
1 985
1 986

1^
I-

-;

14

40
24
58

174
0

L. I i neol ari s

248
18

l5/
37?.

1

site on each sampling day.

the nunben of days of samp'l 'ing during which the summer
oresent.

5

10
10
10

4
3

14
19

1
I

413
11

220
67r

n

152

210
1406

147

106
5

60
304
110

10

70
238

?0

23

'lArl
T?7

7n
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Sweep sarnpl es accurately refì ected the species composition of adul t

lygus bugs ìn B. napus. Fifty sweeps on 2 August 1985 yielded 17 adults:

6 L. boreal'is, 11 L. elisus, and 0 L. lineolaris. Twenty-five samp'les of
2

0.11 m" yìe'ìded 19 adults: 5 L. boreal'is, 11 L. elisus, and 2 L.

lineolaris. 0n 2l August 1986, 150 sweeps yielded 34 adults: 0 L.

bor"eal i s , 12 L. el i sus, and 22 L.
2

0.11 m'y'ielded 39 adults: 2 L. boreal'is,9 L. elisus, and 28 L.

I ineolaris. G-tests showed that the frequency of L. elìsus was

ìndependent of sampìing method ìn 1985 (Q = 0.04; df = 1; P > 0.05) and

in 1986 (G = I.32; df = 1; P > 0.05) and that the frequency of L.

lineolaris was ìndependent of samplìng method in 1986 (G = 0.41; df = 1;

P > 0.05) (Sokal and Rohlf 198i).

The species composition of nymphs collected'in the commercìal fields

was sjmìlar to those of new adults collected 3 weeks laten. 0n 25 Juìy

1985, 486 nymphs collected from alfalfa produced 438 adults: 86% L.

bonealis, 10.3% L. elisus, and 3.7%L. lìneolaris. Sweep sanpìes on

August 2I of 155 adults in the same field contained: 77.4% L. boreal'is,

L9.4% L. elisus, and 3.2%L.l jneolaris. 0n 29 Juìy 1985, 275 nyritphs

collected from B. napus pnoduced 238 adults: 26% L. borealis, 35.3% L.

elisus, and 38.6% L.l jneolaris cønpared to sweep samp'les on August 23 of

213 adu'l ts wh jch contained: 35.6%, 45.5%, and 18.8% of the same species,

respectìveìy. G-tests showed that the frequency of all thnee specìes ìn

alfal fa was ìndependent of the stage of lygus bug collected (G = 3.56;

df = 2; P > 0.05). The relative frequency of L. lìneolaris nynphs ìn

Canola was highen than that of the L.'lineolaris adults (G = 21.95;

df = 1; P < 0.01), wheneas the fr^equency of the other two species did not

change between the samples of nymphs and adults.

I ineol ari s. Seventy-five samples of



1^JU

Seasonal Abundance in Commercial Fie'lds. Very few lygus bugs were

found ìn canola until ìt reached the bud stage (stages 3.1-3.3 of Harpen

and Berkenkamp 1975) (F'ig. I and Table 3). From 1982 to 1986, only three

'lygus bug adul ts were found on a si ngl e samp'l 'ing date, j n å. napus i n

1985, before buds wene detected ìn the crop, a'lthough fields were samp'led

1-2 times before buds appeared. Adults were found jn alfalfa during the

vegetative stage. However, numbers were low unt'il the bud stage was

reached. Inìt'ial ly on'ly adul ts were col I ected. blìthi n 2 weeks,

1st-instar" nymphs appeared and adults became scance. The five nympha'l

instars appeared in succession (FiS.2) and then adults reappeaned in the

sampl es . The sane pattern was obsenved ì n al I th ree crop spec'i es and 'i n

all yeans, although the t'imìng varied w'ith crop and year' (Figs. 1 and 2).

No differences were noted in the synchrony of the adult peaks for the

three'ìygus bug specìes, but the sample sizes of the less abundant

spec'ies wene too low to detect minon differences in phenoìogy. The

timìng of the initial peak of adults coinc'ided with the earìy

flowerìng stage of Canola (4.1 to 4.2 of Harper and Benkenkamp 1975)

(Table 3). In Canola, the highest number of lygus bugs were observed

between 72-21 August in 1982-i986, when most lygus bugs were in the 4th

and 5th j nstars on adul t stage and the crop was 'in the ear'ly pod stage

(5.1 and 5.2 of Harper and Berkenkamp 1975) (F'ig. 2). In the corrmercial

fìelds, the peak densit'ies of lygus bug were signìficantly higher in the

spr.ì ng generat'ion i n M. sati va than i n B. napus and B. campestri s

(F = 9.59; df = 2,I0; P < 0.01) (Table 4) based on Duncan's new muìtiple

range test (Stee1 and Torrie i980). Peak densities in the summer

gene¡ati on showed the sarne tnend , a'lthough di f f erences wene not

sì gni fì cant.
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Fì gure 1. Seasonal abundance of adul ts (-¡ and nymphs (-- - - - I
of lygus bugs ìnfesting Brassica specìes and Medicago sativa, near
FairvÍew, AÍberta, in is84 arxi--lggs. Arrows JiìJtãTã tle-ilitiation
of bud development in each croP.
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Table 3: Crop growth stages and
appeared and the PoPul at.ion of
f i el ds of two Brassi ca sPecì es

^'lurop-

q_.

B.

campest ri s

napu s

1One f .iel d of each specì es
100 sweeps (1984-1986) fon

dates at whjch ìygus adults fìrst
spr'ì ng adul ts peaked i n comrencì al
jn Albenta, from 1982-1986.

Stage

Fi rst adul ts

3. 1-3 .3

2.6-3.3

Date

June 27-July 15

June L7-25

was sampìed by taking 50 sweeps (1982-1983) or
each crop twice weekì Y.

3?.

Stage

F'i nst peak

4.r-4.2

3.3-4.2

Date

Jul y 2-J u'ly 23

June 27-July 5



52"

Fi gure 2. Seasonal abundance of the f i rst (:-) , second F' '-) ,third (---) , fourth (-.-.1, and fifth F-----) instar nymphs
of ìygus bug in 2 Brassica specìes near Fairview, Aìberta jn 1985.
Arrows jndicate thã-îñîtiãti on of ood development in each crop.
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influence of Seed'ing Date and Crop Stage. The appeanance of adult

lygus bugs 'in pì ots seeded on three di f f erent dates was cl ose'ly rel ated

to when the plots reached the bud stage. Lygus bugs were present ìn onìy

one of 84 sampìes taken during the seedling stage (Table 5). 0nce the

cnop was 'in bud, 'lygus bug aduìts were present ìn most plots regand'less

of when the plots were seeded. 0n 26 June 1986'in B. campestnis and 30

June 1986 in B. napus, intensive sampììng by sweeping and D-vac samplìng

confìrmed that no lygus bugs could be detected in plots which wene in the

seedling stage. Both sampìing methods detected adult lygus bugs in p'lots

which were in bud or flower.

In 1985, the number of lygus bugs in the plots, measured by the peak

densìty, were s'ignìfìcantly ìower in later seeded pìots jn both the

spr''ing (F = 30.72; df = 2,12; P < 0.01) and summer genenations (F = 9.14;

df = 2,I2; P < 0.01) (Table 6) . In 1986, the same trend was evident 'in

both crop species, although d'ifferences wene not signifjcant. However,

the peak dens'ity of the summer genenation in the B. campestris pìots was

sìgnifìcantly greaten than the peak'in the B. napus plots seeded the same

day, in the second (t = 5.71; df = 4; P < 0'01) and thìrd seedìngs

(t = 3.94; df = 4; P < 0.05). The fi rst seed'ing showed the same trend

but the difference was not significant (t = 1.94; df = 4; P > 0.05). The

peak Cens'ity occurrì ng ìn the p'1ots dur'ì ng the summen was signì f icant'1y

correlated wjth that occurning durìng the spn'ing (r =.8098; P < 0.001;

n = 45) when both cultivars and both years were included in the anaìys'is.



Table 4: Peak densit'ies of
cr^op species'in Alberta

Locat i on

Fa'irv iew

Fai rv'iew

Fai rv ì ew

Fa'i rv'i ew

Vegrevilìe

Mean

lygus bugs 'in commercial fields of three
from 1984-i986.

Yean

B. campestri s

1 982

1983

19 84

1985

1 986

PK 11

tPKl is the peak density of the spring generation and PK2 js
density of the surÌTner gene¡atìon. Peaks are the means for 5

per fìeld in 1982 and 1983, and 10 sites per field fr^orn 1984
Ten 180o sweeps were taken per s'ite.

3.0

1n

0.6

n'l

f . i

PK2

Cro p

21.6

8.?

13.8

1A n

1.0

1? 7

B. napus

PKi

35

oÁ

1.0

0.7

,IQ

t.¿

2.9

PK?

M. satìva

135.6

9.6

31.4

44 .4

q1

46. 0

PK1

7.8

13.5

15.6

4.6

10.4

PK2

L5.?

43.0

80.0

1^t.J

36.4

the pea k
s'i tes
to 1986.



Tabl e 5: Mean nr,rnben of
stages of o.il seed raPe
1985 at Faj rview, and

Seedì ng Seedl ìng

JO

lygus bug adults collected by suæepìng 4 crop
cvs. Tobin and Westar, seeded on 3 dates in

in 1986 at Vegrev'ille, Albenta.

Tob'in 1985

11' 0
20
30

Tobin 1986

10
20
a^JU

Westar 1986

n Bud

15
15

3.0 (1.0i)2
1.3 (0.36)
1.1 (0.48)

n

1

¿

3

Crop stage

10
5

10

15eed'ings 1, 2 and 3

on May 72, May 26

2M.un (St ) ane based

0
n?
0

Fl ower

1.6
0.8

i0 7.2
15 1.8
6 2.3

5

(0.33) e
10

io. ,t I
(0.33)

n

(1 .86 )
(0. 50 )
(0. 35 )

r.7 (0.50)
1.0 (0.42)
n ? ln tÃlv.v \v. ¡vl

2.0
13 1.0
10 1.0

Pod

15
15
15

were seeded on May 21, June 10, June 24 in 1985 and

and J une 5 'ìn 1986.

on 10, 180o sweeps per pl of for n pì ots.

(0.5e)
(0.32)
(o .27 )

r2.4 (3.27 ) 25
7 .3 (o.ee ) 20
5.2 (o.ee) 20

9

I
1n

0.2 (0.12) i3
0.7 (0.2e) 13
2.4 (0.25) 14

1A

t{

20

i .5 (0.41 ) 22
6.5 (2.26 ) 17
8.4 (3.15) 14

2.r (0.61) 16
4.0 (1.0e) 12
3.6 (0.e0) 1o



Table 6: ltlean peak densities of lygus
plots seeded on 3 successìve dates
and ìn 1986 at Vegreville, Aìberta.

Seed'ing n

Tobin 1985

,1 IIf,

25
35

Spring generation

Tobin 1986

1R
IJ

,Ê.L¿

<â

t¡lestar 1986

llr

25
?Ã

col I ected in fi el d
in 1985 at Fa j rv'iew,

14.0(2.3e)2

2.6 (o .74 )

1.0(0.32)

Summer generatìon

37

2.2(0.58)

1.2(0.58)

1.2(0.58)

61 .8(e . e6 )

30.6(4.33)

22.6(4.e6)

lseedings 1, 2, and 3

June 24'in 1985 and

2M.un (SE) are based
p'lots .

1.4(0.68)

r.2(0.37)

0.4 (o .24 )

12.4(2.31)

11.4(1.e4)

11.6(3.50)

were
on May

on 10,

seeded on lulay 21, June 10,
12, May 26 and June 5 in 1986.

180 o swee ps pe r p'l ot fo n n

4.2(1.46)

3.8(1.46)

3.2(0.58)



3. 5 Di scuss i on

Three spec'ies of lygus bug aduìts occur in all three species of crop.

The successful reanìng of nynphs collected fnom alfalfa and Canola

demonstrates that all thnee species oviposìt and develop ìn alfalfa and

Canola. The speci es compos'it j ons of the nympha'l popul ati ons are simi I an

to those of adults. However, the relat'ive abundance of the species

vanies between Canola and alfalfa with L. boreal'is making up about 70% of

the lygus bugs ìn alfalfa, wheneas L. elisus on L. l'ineolaris pnedominate

in Canola, together making up abcut 70% of the popuìations. Fye (i982b)

obtained similar nesults in rJashÍngton where L. elisus made up 81-100% of

the lygus bugs on cruci fens, but on'ly 17% on al fal f a. Therefor'e, i t i s

likely that some adult ìygus bugs ane migratìng ìnto Canola from neanby

al f al fa, as 'is the case wi th the cotton-al f al fa comp'lex (Stenn et al .

1964) , but al f al fa i s pnobabl y not the ma'in source of lygus bugs for.

Canola because alfalfa hanbors prìmariìy L. bonealis. Crucìfecous weeds

are abundant ìn Ajberta (8, Blackshaw, Agrìcuìture Canada, pensonal

conrnunication) and could pnovide a large source of L. elisus or L.

I ì neol ari s for i nfesti nq Canol a.
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When both spec'ies are common, L. elisus occurs at a relatively h'igher

frequency in B. campestris than L. l'ineolanis, and L. lìneolaris occurs

at a nelat'ively h'igher frequency in B. napus. The differences in

occunrence of the'lygus bug species ìn the three crops may be due to

d jffenences 'in the'i r feedìng and ovipos'ition or dìf ferences 'in the'in

phenoìogies in nelation to the diffenent phenologies of the cnops. The

pnedom'inance of L. ljneoaris'in Vegrev'ille in 1986 resulted ìn a species

cofllposition markedly dì ffer^ent from that obsenved in previ ous years.
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Howeven, the spec'ies composition in 1986 near Fa'irview differed simiìar1y

from that observed jn the same area in prevìous years. Sweep samples in

seven Cano'ìa fields showed that L. elisus comprised 22% of the

popu'lati on, l ess than hal f the frequency observed i n the four pnev'ious

Seasons, and L. lineolaris, which had been the least abundant, was the

most numerous species (M. 0kuda, Al berta Agriculture, personal

cornmun'i cat i on ) .

At Vegreville and Fainview, Alber^ta, al1 three species of lygus bug

compìete a single genenation per year, ìn both alfalfa and Canola.

Univolt'ism is demonstrated by the disjunct, bimoda'l peak ìn the seasonal

d'istribution for adults, and the singìe, successìve peaks for the five

nymphal jnstars. In contnast, at Saskatoon, Saskatchewan, lygus bugs

conrpl ete two generati ons 'in al f al fa (Cna'ig i983) . Saskatoon (52o 8' N,

106o 38' 'il) 'is 4o south of Fa'i r^vi ew (56o 4' N, 118o 23' l'J) , but onl y 1"

south of Vegrevilìe (53' 29' N, i12' 3' l.J). The s jm'ilarity ìn voltjn'ism

at Fajrview and Vegreville and the d'ifference in voltinism between these

locations and Saskatoon'is probably explained by the heat units ava'ilable

to'lygus bugs at the three locations. The 30 year average fon

degree-days accumulated above 10'C (Champla'in and Butler 1967) ìs 874,

599, and 5/6 at Saskatoon, Vegrev'i'lle, and Fairview, nespectively

(Envìncnment Canada 1982). Th'is d'iffer^ence 'in volt'inism and the number

of heat units ava'ilable in different parts of western Canada indicates

that the synchrony between lygus bugs and Canola may vary among regions.

In the northenn part of the agrìcultural area of Albenta, lygus bugs

are synchronized to the phenology of the crop. The last two instars and

newly moulied aduits occur in the crop when ìt is in the early pod stage.
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The 'l ater de vel opmenta'l stages of 'lygus bug are known to cause the most

injury (Gutìerrez et al. 1977), and ìnjury to pods and deveìoping seeds

is most ljkely to be the sout'ce of economic losses in Canola. This

synchnony is mainta'ined in spìte of dìfferences in seeding dates among

fields by the fact that the overwintened adults do not invade Canola

untìl the crop produces buds, regardìess of when the buds appear in the

cr.op. Thus, popuì ati ons of lygus bugs devel op on Canol a dun'ing its

neproductì ve phase. Synchnony 'ident j cal to thi s 'is found i n I ygus

populat.ions infestìng green beans (Khattat and stewant 1980).

Seeding date does affect the abundance of lygus bugs in the c¡op.

The fields which are seeded earl'iest, and pnoduce buds first, accumulate

the largest numbens of ìygus. Apparent differences observed'in'lygus bug

abundance between the two Canola specìes may reflect differences in the

tìme they come into bud r^ather than differences in theìr suitability as

hosts for lygus bug. In commercial fjelds, B. napus accumulates langer

numbers of lygus bug than B. campestris, but it is nonmally seeded and

comes jnto bud earlier than B. campestris. In experimental plots where

the two spec'ies ane seeded simultaneouslJ, B. campestris neaches the bud

stage earlier and accumulates mone lygus bug than pìots of B. napus.

Alfalfa comes into bud earliec than e'ither Canola species and accumulates

mone lygus bug , but the djfferences in lygus bug spec'ies composìtion

between alfalfa and Canola may also contrìbute to this difference'in

lygus bug abundance. To determine the nelative impontance of host pìant

and crop pheno'ìogy to I ygus bug abundance, experi ments w'il I have to be

desìgned to assure that crops reach the bud stage at the same time. The

rel at'ionsh'ip and seedi ng date may vary wìth locat'ion si nce I ater seedi ngs
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of green beans 'in Quebec apparent'ly accumu'late more lygus bug (Khattat

and Stewart 1980).

Three species of lygus bugs annualìy ìnvade, reproduce 'in, and

develop in Albenta Canola. Theìr ìnjuring stages are synchron'ized with

susceptib'le stages of the crop. It remains to be determìned whethen or

not their feeding activity has an econom'ic impact on Canola product'ion.



4. COMPARISON OF OILSEED BRASSiCA CROPS l.lITH HIGH AND LOI.J LEVTLS OF

GLUCOSINOLATES AND ALFALFA AS HOSTS FOR IHREE SPECIES OF LYGUS

(HETEROPTERA : MIRIDAE ) .

4,1 Abstract

Lygus bugs wene monìtored in field plots of five cultivars of oilseed

rape, Brass'ica napus L. and Bnassi ca campestr"ì s L. , contaÍ ni ng I ow and

hìgh ìevels of gìucosinolates. At the eanly pod stage, the numben of

lygus bugs coì I ected did not di f fer among cul tivars of the same spec'ies.

Nymphs reared on the fi ve cul ti vans had the same survi val and

developmenta'l rate negardless of the glucosjnolate status of the

cul t'ivar'. Survi va'l , deveì opment, and growth were compared for nymphs

reared on exci sed stem t'i ps of rape and al f al f a , l''led j cago sati va L. , that

had flower buds on flowens. Nymphs developed faster and had hìgher

survival when reared on rape than when reaned on alfalfa. However, the

dny we'ights of adults colIected from an alfalfa field wene significantly

higher than those reared on alfalfa jn the laboratory indicating excìsed

alfalfa may not be as good a source of food fon labonatory tests as

excìsed rape. The results demonstnate that o'il seed Brassica crops with

hìgh or low levels of gìucosinolates are both su'itable hosts for the

three species of lygus bug.
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4.2 Int roduct ì on

0'ilseed rape, Brassica napus L. and B. campestlis L., has become an

ìmportant cr^op ìn Canada, both as a source of edjb.le oil and a pnote'in

meal for an.imal consumptì on . The success of the rape cr"op i n Canada i s

'large'ly due to the devel opment of h.igh yi e1dì ng culti vars of rape caì'led
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Canol a that have I ess than 5% eruci c aci d as a proport'ion of total f atty

acìds ìn the oil, and less than 30 umol /g of g'lucosinolates in the

oìl-free meal (Downey 1983; Daun 1983).

Glucosinolates are feedìng deterrents and toxins for' many poìyphagous

i nsects, but are attractants or feed'ing st'imul ants for ol i gophagous

insects which use members of the Cruciferae as hosts (Blau et al. 1978).

Concern has been expressed that the reduct'ion in glucosinolates jn Canola

cult'ivans may lead to an increase'in infestat'ion of the crop by

polyphagous ìnsects. 0n the other hand, the changes ìn glucosinolate

composjt'ion of the plants might neduce the attractiveness of the cnop to

cnucifer spec'ialists. Among polyphagous feeders, the evidence is

equ'ìvocal . Davjs et al . (198i) demonstrated that larvae of Tenebr^'io

moljtor L. fed seed of Canola cult'ivars reach much hìgher we'ights than

those fed other nape cultivars. ilowever, Loschiavo and Lamb (1985)

concl uded that seeds of Canol a cul ti vans ai'e no more su'itabl e as food for

0ryzaephi I us mencator (Fauvel ) , 0ryzaephi I us surì namensj s (1. ) ,

Cryptolestes fernugineus (Stephens) and Tlibolium castaneum (Herbst) than

ane seeds of othen cul tì vars . l^Ieber et al . ( 1986 ) found that the

polyphagous aphid Mysus pensicae (Sulz.) develops equally weì1 on nape

and Canola cultjvars. Similarly, the crucìfer specìalists so far studied

have not been affected by the transition fnom r^ape to Canola cultjvars

(Gerber and Obadofjn 1981, Ahman 1982, Larsen et al. 1985, Weber et al.

1986, Lamb 1989).

Lygus bonealis (Kelton), L. eljsus Van Duzee, and L. lineolanis

(Pal'isot de Beauvoìs) have recently been cited as potentia'l pests of

oi I seed rape (Section 3) . These 'lygus bugs ar e po'ìyphagous (Fye 1982b,
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Snodgnass et al. i984). Glucosinolates are reported to be a feedìng

deterrent for L. lineolaris (Paìisot de Beauvo'is) (Hatfield et al. 1982).

It js possible that these potential pests of Canola wene onìy recognìzed

recently because they successfuìly invaded Canola, but were unable to

effectively exploit the older high glucosinolate rapes as a host.

This study was undertaken to determ'ine whether on not cultivars of

Canola contaìnìng'low levels of glucos'inolates are mone susceptìble to

infestation by'lygus bug than the older cultjvars of rape with hìgh

levels of g'lucosinolates. Also, the su'itabiì'ity of o'ilseed Brassìca

crops as hosts for^ lygus bug was compared to that of alfalfa, Medicago

sativa. L., because this crop is known to suppont Iarge populat'ions of

lygus bug (Craig 1983).

4.3 Materials and Methods

The fjve cultivars used in the study were: B. napus cvs. Westan and

Andor, and B. campestri s cv. Tobì n, whi ch are 'l ow gl ucosi nol ate

o.il seed rapes; B. napus cv. Mìdas and B. campestris cv. Tonch, which are

hìgh g'ìucosìnolate oilseed rapes (Thonas 1984). To determine whether

differences among cuìtivars influence the abundance of lygus bugs in

these cr-ops, popu'latìons of ìygus bug were sampl ed j n expenimental pl ots

of the five cultivars at Fainview in 1985, and at Vegrevì1ìe, Alberta,'in

1986. Lygus bug devel opment and surv'i val on the f i ve cult'ivars, and on

M. sativa cv. Beaver, were also studìed in the ìaboratory.

Rel ati ve abundance i n f i el d pl ots . The fi ve cul tj vars of rape were

seeded i n p'lots , 10 x 4 m, wi th rows 20 cm apart, gi vi ng 20 ¡ows pen

pl ot. Cul ti vars , as treatments, wene anranged 'in a random'i zed compì ete
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block design with fjve r^epì'icates. The seedjng date was 21 May ìn 1985

and in 1986. In 1985, plots were sampled foun times between flowering

and maturity. In 1986, pìots were sampled once weekly from emergence to

the time of hanvest. 0n each sampling date, plots were swept 10 t'imes

each, through an anc of 180", with a net that was 38 cm in dìameter. The

net was everted jnto a plastìc bag and captured insects were returned to

the laboratory whene adults were identjfjed to species, based on the key

of Kelton (1975). Nymphs could not be identified until they reached

adulthood. In each plot, five plants were selected at intervals of 1 m

and the growth stage of each was recorded (Harper and tserkenkamp 1975).

0rthogonal contrasts were used to compane the numben of insects collected

in high and low glucosinolate cultivans (Steel and Tornie 1980). In

1986, the numben of insect days accumulated through the season was

caìculated for each plot usìng the method descrìbed by Ruppeì (1983).

Devel opment 'in the I aboratory. l. el i sus was used i n thi s study

because it was the most abundant species ìn nape at the tìme. In Juìy

1986, adults were placed ìn 6 oviposìt'ion cages contaìning potted plants

of B. napus. Plants were examined da'ily until I24 first 'instan nymphs

wene collected and pl aced ìndividually 'in petri dishes, 100 x 15 rm,

conta'ining bud clusters of one of the cultivans on moist filter paper.

Petri dìshes wer.e held'in a room maintained at 22" + 0.5oC and 70-80% RH,

wìth 18 h light and 6 h dark. Bud clusters wene changed da'ily, at which

t'ime the 'instar and condi ti on of the nymphs wene necorded . When nymphs

reached adulthood, pa'irs (a femaìe and a male) wene placed in petrì

dishes containing bud clusters of the same cultìvar upon which they had

been reared. Bud cl ustens wene r^ep'laced daì 1y and exami ned for eggs.



46

0ilseed rape versus alfalfa. Developmental tjmes and survival of

lygus bugs reared on oìlseed rape, B. napus cv. Andon, and alfalfa, M.

satìva cv. Beaver, were compared to determ'ine whether or not lygus bugs

develop on oìlseed rape as successfulìy as on alfalfa. Sixty nymphs in

the fìrst instar wene collected from fields of alfalfa and 48 from nape,

B. napus, on 3 Juìy 1985 and 18 July 1985, respectively. They were

pìaced'indiv'idually in petri dishes, 100 x 1Snrn, contajn'ing a bud cluster

of rape or alfalfa. The bud clusters were replaced daìly. At the same

time, the instan and conditìon of each nymph was recorded. When nymphs

reached adulthood, they wene allowed to feed fon one day, after which

tìme they were placed in a freezer at -20"C for 24 h. Later they wene

dried in an oven at 35oC f or 24 h, and weìghed aga'in (termed dry weìght).

Comparisons wene inade by anaìysis of vaniance, usìng a completely

nandomized design, between hosts (crops whene nymphs wene collected),

foods (plants nymphs fed on in the Iabor"atony), and host by food

i ntenacti on. When sì gni fi cant di fferences wene detected mean separat'i ons

were determjned used Duncan's new nultiple range test (Steeì and Tonrie

1e80 ) .

To compare growth'in the laboratory with growth ìn the field, adults

were collected fnom a field of rape and a field of alfalfa irr August

1985. They were frozen, dnied, and weighed, as described above. Mean

weìghts of fìeld-collected and laboratory-neared adults wene companed

us'ing unpai red t-tests.



4.4 Resul ts

Rel ative abundance 'in fi el d pl ots. In 1985, col I ections made in

f i el d pl ots duri ng the ear^l y pod stage when popul at'ions peaked showed

that thene was no s'ignificant difference 'in the nunber of nytnphs present

between the cultivars high and low levels of glucos'inolates (F = 0.02;

df = 1,16; P > 0.05). There were also no differences between the

cultivars of B. campestris (F = 0.17; df = 1,16; P > 0.05) (Table 7).

For B. napus, Midas had fewer lygus bugs than the othen two cultjvars,

but the numbens did not di f fer s'igni ficantìy (F = 0.39; df = 1,16;

p > 0.05). Mjdas development was slightly slower than Andor and l,lestar

(on 28 July 1985, Midas was'in the mid-flowerìng stage (4.3) while Andor

and l¡lestar- had compìeted flower^ing (4.4)). The nt¡nber of lygus bugs was

significantly higher^'in the B. campestrjs plots than in the B' napus

p'lots (t = 26.7I; df = 1,16; P < 0.001). In 1986, ìygus bug dens'itìes

wene much Iowe¡in al1 pìots. There were no sìgnìfjcant dìfferences

between high and low glucosinolate cultìvars (F = 0.02; df = 1,16;

p > 0.05). There was no s'ignìficant dìffenence among cultivans within B.

campestnis (F = 1.15 df = 1,16; P > 0.05), or B. napus (F = 0'55;

df = 1,16; P > 0.05). Thene was a signìficant difference between B.

canpestrjs and B. napus (t = 12.97 df = 1,16; P < 0.01). Analyses

conducted on the counts, and on counts transfonned by addìng 1.0 and

takìng the square root, gave simjlan results (Snedecon and Cochran 1980).

In 1986, insect days accumul ated over the growing season 'in B.

campestris were 158 and 111.5 for Torch and Tobìn, respectìvely. In B.

napus, the insect days accurnulated were L27,9, 159.2, and 1 11.7 for

A1



Table 7: Densìty of Lygus nynphs during
cultivars of o'ilseed Brassica in i985
1986 nean Vegreville, Alberta.

Pl ant species

B. napus

9_. campestni s

Cul t'ivar

the early Pod stage in 5

near Fa'i rv i ew , and 'i n

l,le st ar

Andor'

M'idas

Tobi n

To rch

S. E.2

tMeans (\.E.) ane basec on 5 Pl
swee ps per P'l ot . Sam Pl i ng wa s

in Harpen and BerkenkamP 1975)
6 in 1986.

2S.f. was calculated from the error mean squane cf the analysis of
uáiiun... Analysi s of variance r^/as penformed on untransformed
counts.

5

5

5

Den sì ty
(nynphs/pl ot)

48

1 985

I

6.6'

7.8

3.6

20 Q

27.0

4.41

5

5

1 986

ots, sampled once using 10, 180"
done 'in the earl Y Pod stage ( 5.1
on August I in 1985, and on August

0.6

0.6

0.2

1.8

2.6

0. 50



\llestar, Andor, and M'idas, respectiveìy. There were no significant

dìfferences among the insect days accr.unulated in the five cultivars

(F = 1.54; df = 4,16; P > 0.05).

Devel ofnent i n the I aboratory. The percentage of L. el'isus nyrnphs

surv'iv'ing was jndependent of the cult'ivar on whìch they were reared

X? = 4.92; df = 4; P > 0.05). The develognental t'imes were not

significantly dìffenent among the fjve varietìes tested (F = 0.64;

df = 4,102 P > 0.05) (Table 8). The nwnber of eggs I aid pen fernale was

h'ighly van'iable, and ihere was no signì ficant d'i fference in ovipos'itìon

rate among cultivars (F = 0.85, df = 4,35; P = 0.5036) (Table 8). Plants

of the cultivar Tobin were in poot'condit'ion due to the constant prunìng

necessary to ensure an adequate suppìy of bud clusters. The other

cultjvars were better able to tolerate pnuning and d'id not show syttptüns

of stress.

0ilseed rape vs. alfal fa. The sur^vival of nyrphs fed nape ¡^laS

sìgnificantly higher than the survival of those fed alfalfa regardless of

the host from which they wene collected (Table 9). Developnental times

were sjgnificantly shorter for'the ìygus bugs fed rape than for those fed

alfalfa (F = 22.4I; df = 1.38; P < 0.001) regard'less of host (F = 4.46

df = 1,38; P > 0.05) (Tat'le 10). The dry weìghts of adults were

signìficantly hìghen for lygus bugs reared on rape than those reared on

alfalfa (F = 105.42; df = 1,35; P < 0.001), regardless of host (F = 3.87;

df = 1,35; P > 0.05) (Table 10). External'ly, al fal fa and canola buds

appeared to be in ctrnpanable condìtion after twenty-four hours. However,

'ìygus bug adults collected'in an alfalfa fìeld were signifìcantly heavìen

than those reared on alfalfa in the laboratory (t = 4.86; df = 23;

49
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Table 8: Survìvaì , deveìopnental time, and ovìposition of Lygus el isus
on 5 cul t'ivans of Brassica.

Species Cultìvan n (l) (days) ov.ìpositìng 1 (SE) Range

Food p'l ant

B. napus Westar 25 92 15.7(0.18) 8 36(11.2)^ 4-102

Andon 25 84 15.8(0.18) 8 27(12.7) 9-109

Midas 26 84.5 15.5(0.18) 7 38(16.1) 7-I2I

B. campestn'is Tobin 25 7?.0 15.8(0.20) 7 13(7.6) t-Se

forch 23 91.0 15.5 (0.19 ) 10 38 (8.4 ) 9-99

Devel ognenta'l
Su rv'iv al t'ime Femal es

tMeans (SE) are based on the numbers of eggs collected over the trial.

Egg s/ fsnal e
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Table 9: Survival of lygus bugs collected from eìther Bnassica napus or
Medicago sativa (fro-si) , anã reared on bud cl usters õf, th-e$ two
pTanTslfood. pTant ) .

Survival /-2,
Host Food plant n (%) test of independence

M. sativa B. napus 30 67
4 .?8, P <. 05

M. sati va 30 40

B. napus B. napus 24 88
7.85, P < .01

M. sati va 24 50
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Table 10: Developmentaì time, fresh we'ight, and dny weight of lygus bugs
collected fnom Brassica napus and Medìcago sativa and reared on the
two p'l ants.

Days to Dry wt.
Host Food n matun'ity mg

L. boneal i s

Fi el d-col I ected
Laboratory neared fnom 1st instar adults

B. napus B. napus I 9.6(0.38) a 4.5(0.23) a 6 3.8(0.56)a

M. sariva 4 12.5(0.50) b ?.1(0.42) b

M. sativa B. napus 19 I0.7(0.27) a 4.7(0.19) a

M. sativa 11 12.1(0.37) b 1.6(0.22) b 20 4.5(0.35)a

L . el i sus

B. napus B. napus 8 9.8(0.23) a 3.8(0.34) a I? 3.8(0.59)a

M. sativa 5 11.8(0.58) b 1.9(0.35) b

L. I i neol ari s

B. napus B. napus 5 9.2(0.58) a 3.8 (0.49) a 2 3.7(0.75)a

M. sativa 3 11.7(0.67) b 1.5 (0.2e) b -

Means (SE ) i n each col umn w'ith'in each gnoup fol I owed by the same I etter
ane not signìficantly differ^ent (P=0.05, Duncan's [1950, in Steel and
Tonrìe i9801 mult'ipìe range test). S.t. was based on the variance and n

of each mean.

Dry wt.
nmg
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P < 0.001) and not significantly different from the weights of those

collected in nape (t = 0.97; df = 14, P ) 0.05), or reared on rape ìn the

laborator-y (t = 0.34; df = 35i P > 0.05) (Table 10). F'ield collected

adults were assumed to be pant the local resìdents and not migrants since

the specìes proportìon of collected adults was similar to that of

coll ected and neared nymphs (Sect'ion 3).

4. 5 Dì scussi on

cul ti vans wi th hi gh and I ow I evel s of gì ucosj nol ates. Ne'i ther Midas nor

Tonch, the hi gh g1 ucosi nol ate cul ti vars of rape , accumul ated i nsect days

in a different way from the Canola cu'ìtìvans jn the same species. In

1985, howevei', there were differences in the numbers of lygus bugs

pnesent in the two rape spec'ies, B. campestris and B. napus. All five

cultivans wene seeded on the same date, ìn both years. When seeded at

the same t.ime B. campestris accumulates more lygus bugs than B. napus

because .it comes into bud more quickly (Section 3). Therefone, the

differences ìn lygus bug numbers between species were l'ikely due to the

t'im'ing of crop devel opment and not due to a di f ference among cul ti vars or'

an inher'ent di fference in the suitabil ity of the two spec'ies for lygus

bug. Among the cul tì vars of B " napus , Mi das fl owered I ast , whì ch

probab'ly accounts for the I owen numbers of 'ìygus bugs captured i n M'idas

ol ots.

Cul tì vans of oi I seed nape contai n'ing hì gh ì evel s of gl ucosi nol ates 'in

their seed are no less suitable as a food source than cultivars wìth low

levels of g'ìucosjnolates. There were no sign'ificant djfferences in the

Lygus bug s occurred 'in sìmi I ar numbers at early pod stage ì n
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surv'ival , developrnentaì t'imes or oviposÍtion rates of ìygus bug reared on

the five cultivar^s. Lygus bug nymphs survìve betten and develop at a

s'ign'if i cantl y h'ighen rate when reared on exci sed rape than they do on

excised alfalfa. These results are s'imilar to those obtained by Hori and

Kuramochi (1984) fon Lygus dispons'i Linnavuoni. However, the weìghts of

adults collected in an a.l falfa fieìd, were as hjgh as those fnom rape.

This ìndjcates that lygus bugs reared on excjsed alfalfa in the

laboratory ane not cunpanable to those reared on gnowing alfalfa.

Thenefore, laboratony rearìng procedures must be improved before

conclus'ions can be made about the relat'ive su.itabil'itv of the two crops

as hosts for lygus bugs.

Based on the occunrence of nymphs and adults of ìygus bugs ìn field

pìots of oìIseed Bnass'icas and the successful reaning of Iygus bugs on

five cultivars of rape, rape 'is an adequate host for the three'ìygus bug

species. The 91 ucos'inolate status of the five cult'ivans had no effect on

the su'itabìl'ity of the fìve cultìvars for lygus bugs. Therefore, ìt is

unljkely that the transfonmat'ion fnom rape to Canola cultìvars had any

'impact on the pest status of 'lygus bugs 'in the oì I seed Brassì ca_ crops .
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5 INJURY TO OILSTID RAPE CAUSID BY LYGUS (HETEROPTTRA: MIRIDAE) AND ITS

EFFTCT ON SEED PRODUCTION.

5.1 Abstnact

Lygus bug ìnjury to oilseed rape, Brassica napus L. and Brassica

campestris L. was assessed both in p'lots and commercial fields from 1984

to 1986. The symptoms of injur^y by 'lygus bugs ìn ojl seed rape are

s1mil ar to those described i n other^ cnops. Lygus bug i nj ury resul ted i n

s'ignìfìcant increases 'in the nu¡rber of "blasted" buds, fl orvens, and

seeds. Bud loss was ccrnpensated for by the product'ion of mone pods 'in

1984 and 1985. Howeven, in 1984, because the pods on injuned plants were

sign'ifjcantly lìghter, there \{as a decl .ine in yie'ld weight with jncreased

injury. Compensatìon for fl ower I oss al so occurred, but yiel d decl ined

as injury ìncreased in both years. Cornpensation for seed 'injury did not

occur in ejther year. The r'esults indicate that lygus bug injury does

occur in oilseed rape and has the potential to result in econcmic losses

in this crop.

5.2 Intnoduction

Lygus bug s cause damage of economic ìmpontance to more than 20 ct'op

species (T'ingey and Pillmer 1977). Lygus bug feeding causes buds and

flowers to be shed, and destroys seed and apical rneristem (strong 1970,

Ti ngey and P'il I ernen L977). When buds or fl owers ane shed or seed

collapses because of lygus bug feedìng, the ìnjury is called 'blast'ing'.

0'il seed rape, Brassica napus L. was fir"st cited as a host of 'lygus

bug ìn Japan (Horì and Hanada 1970). Lygus bugs aìso attack the othen

spec'ies of oil seed rape, Bnassica campestni s 1., in the U. S.A. (Scott
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Ig77). Wher^eas oilseed rape ìs a mìnor crop'in Japan and U.S.A., the

ojlseed rape crop, caì1ed Canola, is one of the most impontant field

cr.ops i n western Canada (Adol phe 1979, A'lberta Agrìcuì ture 1988). The

name Canola was adopted fon o'ilseed rape cultivans w'ith very low level s

of eruci c ac'id and gl ucosì nol ates 'in the seed . Determi nati on of the

status of Canola pests such as'lygus bug is important to the agricultural

'industry 'in the regi on.

Lygus elisus Van Duzee, L. l'ineolar"is (Palisot de Beauvo'is), and L.

bor^eal ì s (Kel ton) i nfest and feed in Canol a (Sect'ion 3 and 4) , but the

'impact of thei r feed i ng on seed product i on 'i s unknown . 0ì I seed rape

p'l ants cønpensate for ì ni uny to buds , fì cwers and pods , e'ithen by

arti fic'ial ìnjury on 'iniury caused by the bl ossorn beetle, Mel'igethes

aeneus F. (l^Jill'iams and Free 1979, Tatcheìl 1983), although compensatìon

may not be comp'l ete (N'i I sson 1987 ) . Lygus bugs i nj ure some of the same

tissues as M. aeneus, although the two pests have different modes of

feeding (M. aeneus chews pì ant ti ssue) . Canol a p'lants may a]so

compen sate for I ygus bug i ni ury. Thi s study descri bes I ygus bug i nj ury

occur'ni ng i n Canol a , the ìrnpact of thi s ì nj ury on seed producti on by

Canola plants, and the abilìty of the p.ìanLs to cønpensate fon lygus bug

i nj ury.

5.3 Materials and Methods

5.3.1 Identifying lygus bug ìnjury

The injury to Canola from feeding by'ìygus bug was observed:1. on

exc'ised pì ant parts in petrì d'ishes conta'inì ng 'ìygus bug nymphs ot'

aduì ts, 2. ì n f i el d pì ots whene 'lygus bugs were caged on pl ant parts at



various growth stages, and 3. ìn commerc'iaì fields with natural

i nfestati ons of 'lygus bugs. Examì nat'ion of pl ant pants exposed to ì ygus

bugs'in petrì dishes revealed the types of feeding scars made by lygus

bugs. Confining ìygus bugs to plant parts in sleeve cages on field grown

pì ants permitted injury to be studied under semi-contnol I ed condjt'i ons,

so that its short and long term effects were evident. The obsenvations

in Canola w'ith natunal infestations confinmed that the injury observed ìn

petri dishes and field cages occurned ìn corrnercial fields.

Seed injury was observed by dissecting pods and extracting seeds.

Seed surfaces were examined under a dissect'ing mìcroscope by roìling the

seeds down a groove ì n a p'ì ex'ig'lass pl ate so that the ent'ine surface of

each seed was vìsible. Injured and unjnjuned seeds were also compared

usÍng a scannìng e'lectnon mìcnoscope.

To determine if disease organìsms were assocìated with injury

attlibuted to ìygus bug,100 part'ia1ly coìlapsed seeds and 100 healthy

seeds were selected from seed samples collected fnom plants confined w'ith

ìygus bug during the pod stage. For each categony, ten seeds were placed

'in each of 10 petri pìates containing potato dextnose agar. Plates were

held at room temperature for one week, at which t'ime they wene examined

for d'i sease ongani sms.

The viability of partialìy collapsed seeds with ev'idence of lygus bug

injury was assessed by placing 100 iniuned and 100 healthy seeds in

petri pìates (10 seeds per plate) contaìnìng waten agar. Dishes wene

held at 25oC fon one week, at which time the germjnated seeds were

counted.
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5.3.2 Dìstribution of injury on the pl ants

The distnibution of healthy and'lygus bug-ìniured buds, pods and

seeds on Canola pìants was determined by collecting plants in fields or

plots of Brassica napus 1., cv. hlestar and B. campestris 1., cv. Tobin.

Each field was entered from the roadsjde and sunveyed by walking a track

w'ith an 'inverted V pattern. Upon enteri ng the f ield , the sunveyor took a

min'imum of 50 steps into the field and then seanched fon the nearest

suìtable plant. Only plants w'ith one primary raceme and four auxìliary

nacemes wene selected, s'ince on plants wjth more than fìve racemes, the

laten developing racernes were poor'ly developed and rarely contained pods.

Subsequent pìants were chosen by walking a random number of steps, random

numbens wene generated by cønputer^ to be between 50 and 100, and again

selecting the nearest suitable p1ant. Sim'ilar methods, but on a smallen

scale wene used to select plants r^andom'ly ìn field p'lots.

The distribution of pods on racemes was determìned for 20 plants

col I ected f nom one cornmer^c'ial f l'el d of each speci es , near Fai nview on

August 15, 1985. The racemes on each pìant wene labelled bas'ipetalìy and

the nurnbers of pods per raceme were recorded on site. The dìstribution of

heaì thy seeds and seed weì ght was determined for' 10 p'lants for each

species taken fnom plots at Fainview on August 22 for B. campestrìs, and

August 29 for ts. napus. The nacemes were labelled bas'ipetalìy, as

descrìbed above, and then dìv'ided ìnto th'i rds, based on the number of

seed bearing pods on each raceme. A singìe pod was removed from the top,

mìddle, and bottom third of each raceme. The contents of each pod were

we'ighed and the total numben of seeds per pod was recorded. The numbers

of heal thy and col'lapsed seeds 'in each pod wer^e determi ned. Abonted seeds

wene noted but not recorded.

5B
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Ana'lyses of varjance based on a randomized compìete block desìgn wene

used to reveal dÍfferences among nacernes or locatjons on racemes. Prior

to the anaìyses, counts wene transformed by adding one to the count and

tak'ing the square root (Snedecor and Cochnan 1980) . ì,/hene sign'if.icant

differences wene found, mean separations wene done using Duncan's new

mult'ip'le nange test (Steel and Tonnie 1980).

5.3.3 Lygus Bug Injuny and Seed Production

The effect of feeding injury by lygus bug on the productìon of seed

by Canola plants was assessed in two ways: 1. Lygus bugs were confined'in

sl eeve cages encl osi ng pants of pl ants . The r^esul ti ng i nj uny to buds ,

flowers, and pods was related to seed product'ion. 2. lndividual plants

wene samp'led in comnencial fields and plots, Seed pnoduction was related

to the level of natura'ìly-occurrìng lygus bug injury.

Injury by confined lygus. E_. napus and B. campestnìs were seeded in

10 x 10 m plots, at a seeding rate of 7 XS/ha and 5 kg/ha, respectìveìy.

Rows were spaced 20 cm apart, giving 50 rows per plot. The two species

were arnanged 'in a nandomi zed compì ete bl ock desi gn w'ith four repì 'icates.

Seeding dates wene May 28, May 21, and May 12 in 1984, 1985, and 1986,

r^espectì vely. B. campestri s cv. Tobin was seeded 'in al I three years,

whereas f or B. napus, cv. Andor was seeded 'in 1984, and cv . þJestan was

seeded in 1985 and 1986.

To assune an adequate level of lygus bug injury, buds, flowers and

pods were confined with lygus bugs jn sleeve cages. The cages wene made

of nylon tulle supported by two p'ìastjc-covered rings, each 8 qn in

djameter', and joined by a 16 cm'ìength of wire. When buds wene confined,
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all racemes on a plant jn the bud stage were inserted 'in the sleeves.

When flowers and pods were caged a singìe racene was inserted'into a

sleeve, except in 1984 for B. campestnis where two racemes wene insented

in a sleeve. So that racemes at the pod stage would fìt in the cage, all

but 10 pods were nemoved fnom the caged racemes. After inserting a

racerne , the sl eeve was t j ed I oosel y around the pì ant stem and a s'ing'le

adult of L. elisus was pìaced in the sleeve conta'ining plants to be

infested. Control plants were treated 'in the same manner without the

inclusion of an insect. Then, the other end of the sleeve was t'ied, and

the cage was supported on a sp'ike insented into a wooden stake. Cages

wer^e left on the plants fon 2 days in 1984 and for 7 days in 1985 and

i986.

Upon removal of the cage, each confined naceme was flagged for later"

ìdenti f icat'ion. Fìve nep'licate cages per plot were used for each growth

stage. An equaì numben of racemes i./as conf i ned wj thout 'lygus bugs, so

that a tot,al of 40 pì ants had caged racemes, 20 wì th an ì n sect and 20

wi thout for each p'lant gro'¡¡lh stage caged. Racemes at the bud and fl ower

stages (stages 3.1 and 4.1, respect'ive'ly, based on Harper and Berkenkamp

1975) were caged jn 1984 and 1985. Racemes at the pod stage (stage 5.1)

were caged'in alI three years. In 1984, bud confinement experìments were

conducted twice for B. napus and flower confinement expenjments were

conducted twìce for B. campestris. Otherwise, each stage was caged once.

The plants with caged racemes wene harvested upon maturity. For

racemes caged at the bud and flower stages, the number of aborted buds,

blasted buds, blasted flowers, and hea'lthy seed pods were reconded. The

seeds f nom the conf i ned racenes wer"e col I ected and we'ighed. In 1984, i n
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one experiment, nacemes that had been caged in the bud stage were

examined 10 days after the cages wene nemoved to determine the number of

flowens, blasted buds, healthy buds, and young pods. These pìants were

then allowed to develop to maturìty, at which time they were harvested

and measured as described above.

For racemes caged in the pod stage, pods were examined ìndiv'iduaìly.

The locat'ion of each pod on the raceme was recorded. Each pod was

d'issected and the numbens of healthy, injured, and aborted seeds wene

r^ecorded. Injuned seeds were divided ìnto three categorìes: 1.

punctured, seeds w.ith a feeding puncture but no obvious coìlapse of the

seed contents; 2. part'ialìy co'llapsed, seeds that had co'l'lapsed only in

the area immediately surnounding the feedjng puncture; and 3. collapsed,

seeds that had col'ìapsed to the extent that ljttle more than the seed

coat remaineC. The seeds in each category were counted and we'ighed

sepanateì y.

The ability of Canola p'lants to compensate for lygus bug injury was

assessed by measuning the deviations jn seed production fr'om that

expected due to the dinect, countable losses of seeds. For examp'le,

ìygus bug feed'ìng whìch causes seeds to collapse mighL reduce the number

of healthy seeds by an amount equ'ivalent to the number of collapsed

seeds. In i,he simplest case, the total numben of seeds produced by a

p'l ant, S, 'is equal to the number of heal thy seeds, il, pl us the number of

seedsdestroyedbylygusbug ìnjury, D. Thus S =H+D (1), onH =S-D

(2). If the pìant 'is unable to compensate jts seed product.ion for the

'loss of individual seeds to lygus bug, then equation 2 describes the

nelationshi p between hea'ìthy and ìnjured seeCs. Howeven, there may be
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plant compensatjon for seed ìoss, or indjrect injury from lygus bugs that

nesults'in reduced seed production, ìnjury other than that due to the

Ioss of co'lIapsed seeds. If so, the equation could be rewritten as:

H = S-bD (3), where b is a coefficient describ'ing the change in seed

producti on nesul ti ng from compensatì on or ind'i rect i nj ury. If the pl ant

cønpensates for djrect seed loss and indjnect damage, then b < 1. If
there ìs uncompensated, indinect'injury correlated with the direct seed

ìoss, then b > 1. Lìnean regress'ion analyses where H is the dependent

variable, and D is the independent varjable can be used to estimate, a,

the j ntercept or potent'iaì seed numben, an est jmate of S, and the s'lope

panameter, b, Scattergrams of each relat'ionship were examined and all

rel at,ionsh'ips wene determ'ined to be I ìnear. Thenefore, th'is regression

appr^oach was used to determine the level of indinect ìnjuny to seed

production and compensation for lygus bug ìnjury.

The same approach was used to estimate the impact of bud and flower

destruct'ion on the product'ion of pods. Ljnear regression analyses al so

wene used to assoc'iate the d'ifferent types of injury and seed pr"oduction.

Lygus bug i nj ury i n connnencì al fi elds. Ten pl ants wene col I ected

from sing'le fields of B. napus and B. campestris nean Vegrev'il1e, Alberta

on August 29, 1986 us'ing the survey methods descnjbed above. All of the

pods were hand hanvested and djssected. For each p'ìant the numbers of

healthy and injured seeds wene recorded and the seed was wejghed.

5.4 Resul ts

5.4.1 Descript'ion of Injury to Canola Caused by Lygus

Feeding les'ions were often evjdent on stems and pods whene lygus bugs
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had fed. These wene chanacterÍzed by brown rajsed areas whjch often

coalesced to form large bnown lesions'in the feeding areas. When located

on the pod, these lesions were not necessanily assocìated wìth injured

seeo .

Buds that had been fed upon by 'lygus bugs turned white withìn

twenty-four hours. These buds often were shed soon aftenwards. The

rema'ining pet'iole was stunted throughout the I ife of the pìant and it was

possible to separate this injuny fnorn that wh'ich occunned ìn the flower

stage. In j ured fl owens were character'ì zed by an el ongated peti o'ì e and

an undeve'loped port'ion of the pod which remaìned attached to the p'ìant

once the ìnjured flowen was shed. These symptoms were observed on

f o'l ì age f ed on by 'ìygus bugs j n petri di shes , on racemes exposed to I ygus

bugs'in sleeve cages and also in commencial fields of Canola. Shedding of

buds and flowens caused by lygus bugs in nature was d'ifficult to sepanate

from that whjch occurned naturally or from other^ types of injury.

Interpretation of lygus bug injur^y to seeds was based on obsenvations

of pods fed upon by lygus bugs ìn sleeve cages and commercial Canola

i nfested natural'ly by l ygus bugs. Some seeds wer"e punctured by ì ygus

bugs, leaving a small rupture in the seed coat but no othen apparent

effect. In such cases, there was no obvious d'iscoloration of the

punctured seeds and no sìgn'ificant diffenence ìn the weight of punctur'ed

and uninjured seeds. D'issection of 10 punctuned seeds revealed no

necrosi s of the endosperm, 'indìcatì ng that the i nsect had 'injected I i ttl e

or no saì ìvary f.ì uìds 'into the seed. Genmination of these seeds was not

sign'ifìcantly diffenent fr^om that of uninjured seeds collected from the

same pod. Quaìity analyses wene not conducted because insufficjent

quanti tì es of thi s seed coul d be col I ected.
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Some seeds 'injuned by lygus bugs were partìal1y collapsed. These

seeds were usua'l'ly sma'll er than heal thy seeds and often mì sshapen. A

punctune wound was usually evident ìn the v'icin'ity of the collapsed anea.

The endosperm ìnrned'iately below the wounded anea was often necrotic.

Some seeds were observed to have a profusion of white maten'ial

'inrnedjate'ly around the puncture ìn the seed coat. This symptom has been

ter.med "chal ky spot" ìn crops such as lenti.ls (Summenf ield et al . 1982).

Scann'ing el ectron m'icrograph pì ctures of th'iS area neveal ed I arge

ì r^regu'l an-shaped granuì es wi th empty 'inter'sti ces. P'ictures of heaì thy

endospenm revealed that the gnanules wene usually embedded'in a matrix of

material which was missìng in the injured seed. The "chalky spot"

synptom was not evident jn all pantiaììy collapsed seeds. Seeds which

rvere partìa1ly co1'lapsed showed neduced germ'inat'ion and a s'lightly

j ncreased incidence of fungaì 'infection. Germjnation was signi fìcantly

lower (46%) for partìalìy co'ììapsed seeds than for for healthy seeds

(97%) (F = 45.59; df = 1,18; P < 0.001). Ì,lhen seeds were incubated on

dextrose agar, 12% of the partiaìly co'lìapsed seeds and 6.9% of the

healthy seeds wene contaminated with Alternania spp., pathogens that have

been associated with leaf spot'in Canola (4. Tekaus, Agriculture Canada,

pers, conm.). However, this diffenence was not signifìcant (F = 0.63;

df=1,18:P>0.05)

Some seeds ìnjured by ìygus bugs colìapsed complete'ly. These seeds

consisted of little mone than a seed coat. A feedìng puncture was

usually evident and the "chalky spot" synptom was often pr^esent ìn the

area of the punctune. At harvest t'ime, these seeds had coats which were

simìlar in color to those of normal seeds except fon the areas affected
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by the "chalky spot" symptom. The coìlapsed seeds had a flattened or

concave shape and were often quite wr'inkled. The diameten of these seeds

was often sim'ilar to, or only s'lìghtly smaller than, that of a normal

seeo.

The percentages of iniured seeds placed'in each of the above

categories followed the same trend'in each year with the lowest number of

seeds be.ing placed ìn category one (punctured), slightly more in categony

two (part.iaì 1y coì'lapsed) and the most i n categony three (col l apsed) . In

1984, fon B. campestris, 21.0, 22.0, and 56.9% of the injured seeds

(n = 675) we¡e p'laced ìn categorjes one, two, and three respect'iveìy. In

1986, the proportìons wene 11.1, 13.8, and 75.0% fOr the same categories

(n = 390). The sh1ft between yeans vras sìgnì fìcant XZ = 36.3; df = ?;

P < 0.01). Fon B. napus, the pr"opontions of injured seed placed in

categories one, two and three were 10.5,14.0, and 74.5 (n = 919) in 1984

and 1.2, 6.7, and 90.6 (n = 366) in 1986. Again, the sh'ift was

ô

signjfìcantXt = 37.5; df = 2; P < 0.01).

Some seeds showed abnormal ities rvhich wene not attributed to 'lygus

bug feed'ing. Aborted seeds were often found at eithen end of a pod but

also individual aborted seeds were found ìn the center of pods. These

seeds were usuaìly quite small and consisted of an undeveloped portion of

t,he seed coat. Usually, they were white or ìight brown with a necnot.ic

area at the point where the seed attached to the pod. In nearly a'l'l

cases, aborted seeds were easiIy d'ifferentiated from seeds injuned by

ìygus bugs by the'ir 'ììght col our, small si ze, and I ack of a feeding

puncture. There was a weak negative conrelation between the number of

aborted seeds and 'ini ur ed seeds found per pod in 1984 ( r = - .222;

n = 371; P < 0.001), and 1986 (r = -.108; n = 661; P < 0'001)'



66

pìgmented spots on the seed coat of some seeds might be confused wìth

ìygus bug feedìng punctures. The pigmented areas were usua'lìy bt^own and

qu.ite evident especìally on the yellow seeds of B. campestris. Scannìng

electron micnogcaphs revealed no punctures in the seed coat at the

pigmented s'ites. Therefore, these symptoms were assumed to be caused by

factors other than lygus bug injury.

Early f r.osts 'in 1985 resul ted 'in the I oss of experiments in whìch

lygus bugs were caged on racemes at the pod stage. Seeds exposed to the

f rost often co'l 'l apsed and resembl ed seeds 'i ni ured by l ygus bug s .

However, the seed coats of frosted seeds had a mottled appearance

compared with a unìform yeìlow or dark brown fon the ìygus bug-injured

seed (except fon areas affected by the "chalky spot" synptom). The

endosper^m of f r"osted seed was often a dar"k green col or versus the yel l ow

color w'ith a necrosis at the puncture fon the lygus bug-ìnjured seed.

Drought strìcken seeds, common in 1984, also collapsed and so nesembled

ìygus bug injury to seeds. However,'in cases of colìapse due to drought

the seeds showed no sunf ace punctures, 'internal necnos'i s or the "cha'l ky

Spot" symptm. In dnought-affected pods, often all the seeds in an

indjvjdual pod were collapsed, whereas lygus bug-'injured seeds were m'ixed

w'ìth healthy seeds aìong a Pod.

5.4.2 Di st¡ibut'ion of Lygus Bug-Injured Seed on Canol a Pl ants

For both spec'ies of Canola, the numben of pods was h'ighest on Racerne

1, the fìrst raceme to form, and lowen cn the other four racemes (Table

11). The number of seeds per pod was signi fìcantly hìghelin pods on the

I owen two thj rds, or ear.l 'iest formed pods on each raceme, i n both B.



Table 11: D'i stribut'ion of
cv. Tobin and B. napus

Pl ant tnait

B. campestri s

No. pods

Seed s/ pod

67

seed production on pìants of B. campestnìs
cv . I,lestar .

Locationl
on

Racene

Seed we i g ht ,mg

B. napus

No. pods

Seed s/ pod

T
I

M

B

T
I

M

ö

28.4a

19. 4
2L.4
20.3

2. 05
2.22
2.35

^2Kac efne

2r.76

14.5
17 .2
20.9

1 .88
1. 95
?.26

Seed we i g ht ,mg

19.lb 22.9ab

19.4 16.9
20. 8 24.9
2?..0 20.9

1.69 1.57
2.13 r.74
2.77 2. L4

l'leans in rows representing no. pods folloræd_by the same letten are not
signìficantly dìfferent (P > 0.05; Duncan's [1955; in Steel and Torrie
19801 Mul ti p1 e Range Test) .

lLocations on naceme are T = top, M = rniddle, and B = bottom.

2Ru.*. 1 i s at the top of the ma'in Sttn, racsles 2-5 are formed
sequenti al ì y as side branches .

T
M

B

T

M

B

27.7a

2n o
<t /

28.6

3.7?
A A1l. T!

SD

19.4b 9.16 20

$.? 6.90 10
22.4 6.76 10
2r.9 7.02 10

r "97 0.40 10
r.97 0.36 10
2.2r 0,40 10

15. 6b

t1 n

2l .4
30. 7

20?
5. ¿+
3.57

14.4b 1 3. 6b

24.r 24,I
28.3 26,4
28.6 29.5

2"93 2.28
2.98 2.60
3.46 3.21

1? ?h

18. 7
2ç^ ?
?na

1 a7

2.84
2.81

7 .24

6.22
5. 68
5. 78

0.64
0. 46
0. 59

20

10
10
10

10
10
10
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napus (F = 22.28; df = 2,130; P < 0.001), and in B. canpestris (F =

ll.?l; df = 2;127; P < 0.001) , but dìd not vary sìgnìfìcantly among

racernes for either B. napus (F = 0.64; df = 4,130; P > 0.05) or^ B.

campestris (F = 1.35; df = 4,L27; P > 0.05). Individual seeds were

heavìest at the bottsn of Raceme I and decreased 'in weìght toward the top

of the racsne and w'ith racsne nr-¡mben. The I ast seeds to fonn at the top

of Raceme 4 and 5 wene the lightest. There r,rene sign'ifìcant djfferences

based on analysis of van'iance'in the weìght of seeds among racemes in

B. napus (F = 17.29 df = 4,79; P < 0.001) and B. campestris (F = 2.80;

df = 4,78; P < 0.05), and among pants of racsnes for both B. napus

(f = 28.171- df = 2,79; P < 0.001) and B. campestnis (F = 7.94;

df = 2,78; P < 0.001).

The percentage of seeds blasted by lygus bugs was highen at the top

of each racerrìe in both B. napus (F = 13.98; df = 2,116; P < 0.001) and B'

campestris (F = 4.44; df = ?,I27; P < 0.05). For B. campestris, the

percentage of seed blasted by lygus bugs tended to be lower on Raceme 1

compared to other racemes, aìthough an analys'is of variance revealed no

sìgni ficant d'i fferences (F = 2.25; df = 4,I?7; P > 0.05) (Table 12). In

B. napus, the pencentage of seeds blasted by ìygus bugs were

signìficantly lower (F = 9.50; df = 4,116; P < 0.001) on Raceme 1 than on

Raceme 5.

5.4.3 Lygus Bug Injuny and Seed Production

Bud .injury. When lygus bug ìnjur"y to buds was augnnented by cagìng a

ìygus bug on nacemes'in the bud stage, the percentage of blasted buds

on the nacemes was higher than on nacernes which were caged wìthout Iygus



Table 12: Distributìon of
percentage of total seed
B. campestrìs cv. Tob'in

Locat'ion1
0n

Raceme

q_. campestri s

T

M

B

seed blasted by lygus bug as a
on pods from 10 pì ants of

and B. napus cv . l,Jestar.

B. napus

T

M

D

Raceme2

10.7

i4. 1

10.6

18 .4

14. 6

v4

lLocati ons on

ZRaceme f i s
sequenti al 1 y

22.7

13. 5

7.2

17.3

12.8

3.7

69

?9.r

?1.6

13.8

60 .4

23.4

2^^

naceme are T = tcp, M

at the top of ihe main
as s'ide branches.

SD

24.5

25.9

14.9

32 .0

16.5

11,6

25.2

23.4

18. 2

28.4

21.7

20.7

10

10

10

52.?

39 .0

27.2

= middle, and

stãn, racemes

26.9

Iv.4

16.8

10

10

10

B = bottom.

2-5 ane formed
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Table 13: Numben of buds and pods produced pen naceme and percentage
of buds blasted on nacernes of Canola caged with and wìthout a ìygus
bug during the bud stage.

No . Bud s/ Pod s/
Yean Tneatment p'lants raceme raceme % bl asted

B. campestri s

i984 1ygusl tB z1.4az t7.oa r9.za
no'lygus 18 19.9a 18.0a 7.7b

1985 lygus 20 41.5 a 28.6 a 27.2 a

no l ygus 18 28.0 b' 22.7 a 15.6 b

B. napus

1984 ìygus 39 14.7a 13.0a 10.2a
no ìygus 37 14.9 a 14.5 a 1.9 b

1985 lygus 16 ?4.0 a 20.6 a 12.8 a

no lygus 20 18.4 b 16.0 b 11.5 a

Means for each year and species in a column followed by the sare letter
are not sìgnìficantly dìfferent (P < 0.05; LSD test IStee] and Torrie
1e801).

Analysiñ gf variance was conducted us'ing data transformed usìng
(x + 1)'" for counts and ancsine for per^centages.
't

'Insects were confined on the plants for 2 days ìn i984 and 7 days
in 1985.

2M"un, for counts and pencentages are back-transformed from the
transformed means.
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bugs (Table 13). The increase'in the percentage of blasted buds was

signìficant in 1984 (F = 4.87; df = 1,31; P < 0.05) and in 1985

(F = 7.08; df = 1,36; P < 0.05) for B. campestris, and in 1984 for B.

napus (F = L7.2I; df = 1,66; P < 0.001). Some blastìng of buds, flowers

of'young pods also occurred on the control racemes, pnobabìy due to

natural infestation of the racemes by ìygus bug before and after cagìng.

The level of blasting was hìghen on B. campestrìs than on E. !up*, und

hìgher ìn 1985 than in 1984. In 1984, blastìng nanged from 10-19%, but

no reduction in the average number of pods pnoduced by the raceme lvas

observed a'ìthough the level of blast.ing neached 19% (Table 13). In 1985,

in B. napus s'ignifjcantly more buds were produced on pìants caged w'ith a

lygus bug (F = 5,81; df = 1,35; P < 0.05). In B. napus, there were

significantly more pods produced on plants caged with a lygus bug (F =

6.I7 df = 1,35; P < 0.05) 'ind'icatìng that the plants ovencompensated

bud ìnjury. This same trend was evident jn B. campestrjs where there

a sign'if icant d'i f ference 'in the numbens of buds produced (F = 4.66;

df = 1,38; P < 0.05) , but no di fference 'in the number of pods pnoduced

(F = 1.83; df = 1,38; P > 0.05).

In both yeans, seed production by the racemes was negat'ively

related to the percentage of buds blasted by ìygus bug, howeven, these

re1atjonships were significant only ìn 1984 (Table 14). No compensat.ion

occunred on the race.ile as a result of an increase in seed size or seed

number. Thì s was confi nmed by the negatì ve, al though usuaì ì y

non-sign'i ficant, rel ationshi p between seed production per pod and

percentage of buds blasted. The regression r^elationships a1ì had low

r-square val ues, rangìng f rom 0.07 to 0.27 f or those wh'ich were

fon

was
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sìgn.ificant at P < 0.05. The lygus bug injury accounted for a relativeìy

small proportion of the variation in the weìght of seeds per racsne.

When B. campestrìs plants vlere examìned 10 days after the cages wene

rsnoved jn 1984, there were s'ignìficantly more flowers present on the

racsnes caged wjth an adult ìygus bug (7' = 26.7 SD = IZ.4 n = 20)

conpared to those caged without (l = 16.3 SD = 12.0 n = 20). However,

there lvene s'ignì fì cantl y fewe r heal thy bud s on the i nfested racemes

(1 = 7.8 SD = 10.6 n = 20) csnpared to the uninfested racemes (i = 14.9

SD = 14.1 n = 20). B. napus racemes showed the sane trend when caged

with a iygus bug, that 'is, they had more flowens and fewer healthy buds,

aìthough the dìffere,nces r,lene not significant. Racemes neceiving injuny

to buds ìnitìated flowen'ing of the reraìning buds earl'ien, but no net

change in the nunber of buds occunred. Thìs is in contrast to 1985 when

ther^e was a net jncnease ìn the number of buds not just an acceleration

in the rate of developnent of buds (Table 13).

Flower iniury. l,lhen lygus bug'injuny to flowens .r^¡as augnented by

cag'ing a 'lygus bug on a raceme 'in the fl ower stage, the pencentage of

blasted flowers on the facsnes was higher than on racernes wh'ich were

caged w'ithout ìygus bugs (Table 15). A sign'ifìcant 'increase in the

pencentage of blasted flowens was observed in 1984 for both B. napus

(F -- 22.01; df = 1,34; P < 0.001) and B. campestris (F = 7.81;

df = 1,96; P < 0.01). Scrne lygus bug injury occurred due to natunal

i nfestatì on before and aften cag i ng . A si gni fi cant i ncrease ì n the

number of buds pr^oduced by lygus bug-ìnjured nacemes rvas evident on.ly fot"

B. campest¡is ìn 1985 (F = 4.2L; df = 1,39; P < 0.05). In all cases'

there was no sìgnìficant djfference jn the number of pods pt'oduced on

pì ants caged w'ith or without a lygus bug (Table 15) indìcating that some

cqnpensati on occunred .



Table 15. Number of buds and pods produced
of flowers blasted on racemes of Canola
lygus bug during the flowen stage.

Year

q_. campestri s

1984

1 985

Tneatment 
1

B.

74

pe r racerne and percentage
caged with and without a

I ygus
no ì ygus

'lygus

no I ygus

napus

1 984

1 985

No.
pì ants

Bud s/
racerne

Means fon each year and species jn a column followed by the_same
I etter. ane not s'ignificantly different (P > 0.05; LSD test [Stee]
and Torr.ie 19801).

Anaìysì¡ qf van'iance was conducted using data transformed using
(x + 1)'" for counts and arcsine for percentages.

llnsects wene confìned on the plants for 2 days ìn 1984 and 7 days
in 1985.

51
49

19
20

ìygus
no 'lygus

lygus
no I ygus

Pod s/
racene

23.7a2
2L.7 a

37 .4a
26.3 b

olp

bl asted

)tMeans fon counts and pencentages are back-transformed from the

19
20

19
t7

20.9a
?0.7 a

29.7a
2?.8a

transformed means.

19. 8a
18.4a

25.5a
20.2a

9.3a
4.8b

15. 4a
12.4a

17.9a
17.7a

2L.6a
17. 4a

9. 5a
1.9b

14. 1a

13.6a
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The weìght of seeds produced per pod was negativeìy related to the

percentage of flowers blasted, and therefore the pìant d'id not compensate

for flowen loss by incneasjng the number or sjze of seeds produced ìn

surviving pods (Table 14). The net nesult of ìygus bug 'iniury at

flowening was a negative relationshìp between seed production per raceme

and the percentage of flowers blasted for both species in both years.

The slope of the relationship was significant for B. campestrìs in both

yeans and for B. napus ìn 1985. As was observed in tests on the bud

stage, the regression relationshìps accounted for a small amount of the

vanjation ìn pod or^ seed pr^oduciion w'ith r-squares fnom 0.11 to 0.45 for

those relatìonships that were significant at P < 0.05. The lygus bug

'injury to flowers accounted for a relatìve1y small proportion of the

varìation jn number of pods per raceme or seed productìon.

Seed'injury. When lygus bug injury to seed was augmented by caging

ìygus bug on a raceme w'ith 10 pods, the percentage of seeds 'inj ured pen

pod was hi gher. for caged racanes w'ith an adul t I ygus bug than for those

w'ithout lygus bugs (Table 16). The 'increase 'in injury was signìfìcant

for B. napus in 1984 (F = 33.91; df = 1,39; P < 0.001) and 1986

(t = 23.82; df = 1,39; P < 0.01) and B. campestrìs in 1984 (t = 9.32;

df = 1,39; P < 0.01). (The data fnom tests conducted in 1985 could not

be analyzed because the pods were affected by an earìy frost.) Lygus

bugs wene present naturally ìn the plots after the cages were nemoved,

and so there was injury to seeds from the control racemes. The pods

whìch wer.e caged with lygus bugs and suffered a higher seed loss djd not

produce a signìficantly different numben of seeds than pods with low

levels of injur"y (Table 16). They apparentìy dìd not respond to the



Table 16: Seed production
racernes caged with and

Year Tneatmentl

B. campestri s

I vö+

1986

and per^centage seeds bl asted for Canol a
wì thout I ygus .

I ygus
no ì ygus

I ygus
no 'lygus

No. pods

B. napus

1 984

1 986

139
t74

184
170

Seed s/ pod

I ygus
no 'lygus

lygus
no I ygus

Means for each year and species in a column followed by the same letter
are not significantly dìfferent (P > 0.05; LSD test [Steel and Tonrie
ie80l).

I 6. 9a2
15.9a

18. 2a
18.2a

Seed weight, mg

Anaìysis of vaniance was conducted on data transformed
for counts and arcsine for percentages.

1'lnsects were confined on the plants for 2 days in 1984

tvöo.
2
'Means for counts and per"centages are back-transfomed
tnansformed means.

llo

158
t47

76

1.83a
1 .87a

2.48a
2. 60a

% bl asted

19. 4a
17.1a

22.Ia
23.1a

22.4a
12.6b

6.9a
5.2a

2. 33a
2.53b

3.04a
? ?1 h

38.7a
8.4b

E. 8a
1 .8b

^cusing (x + 1)"''

and 7 days ìn

from the
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injury by producing more seed. In 1986, the lack of this form of

compensation was confjrmed by the relationships between the numben of

hea'lthy (V) and blasted seeds (x), whìch had sìopes that were not

sign.ificantìy different fnom 1 (p > 0.05) (Soka1 and Rohlf i981). The

relatjonshìps were, for B. napus, ! = 24.4-0.g6x rZ = 0.15 n = 115, and

for B. campestris y = 19.3-0.93x rZ = 0.18 n = 174, indicatìng a

reduction of one healthy seed fon each seed blasted in the pod. However,

in 1984, the relat'ionshi ps were, for B. napus, y = 16.6-0.50x 12 = 0.09

n = 156, and for^ B. campestr.is, y = rs.?z-0.55x r'2 = 0.13 n = 185. In

thì s case, the sl opes were sìgni f jcantly ì ower than 1 appr'oximat'ing a

reduction of t healthy seed for every 2 seeds blasted per pod. Thjs

'indìcates the p'ìants dìd part.ially compensate for injury by pnoducing

more healthy seeds.

The total weight of seeds produced per^ pod was negativeìy related to

the percentage of seeds blasted by lygus bugs for both species of Canola

and in both years (Table i7). When lygus bugs bìasted 10% of the seed,

the loss in weight of seed produced per pod was about 11% (range 6-14% in

the 4 tests) showing that pods had ljttle or no ability to compensate the

weìght of seeds for the ioss of seeds. Thjs was confinled by the fact

that pods with injured seeds did not increase the size of nemaìning

hea'lthy seeds. The nelatìonshi p between the weight of indjvidual healthy

seeds and the percentage of lygus bug 'injured seeds had small,

non-sjgn.ificant siopes (Tabìe 17). In B. napus in 1984 and 1986, the

weight of individual seeds was signìficantly ìower for racemes caged wìth

a lygus bug than for those caged wi'uhout (Table 16). In 1986' injury to

the sunface of the pods from'lygus feedjng was common in cages with a
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Table 17: Relatjonship between seed production by we'ight and the
percentage of seeds blasted by lygus when racemes were caged during
the pod stage.

Year

9.. c ampe stri s

i 984

Seed pnoduction, mg

I 986

Se ed s/ pod

Seed weìght

Seeds/ raceme

Seeds/pod

Seed weight

Seed s/ raceme

napus

1 984

Intercept

326 33.1

326 I.7

26 243.7

340 54.0

340 2.6

33 456.4

Sì ope

1 986

Se ed s/ pod

Seed weìght

Seed s/ r'aceme

Seed s/ pod

Seed weìght

Seeds/naceme

2r-

-0.21 0.09

0.00 0.00

-1 .65 0. 18

-0. 75 0.14

0.00 0.00

-s.80 0.05

166

166

17

306

306

2,2

0.00

0.32

0.03

0.00

0. 48

0.?r

55. 6

2.5

352.5

77 .0

624.2

-n ÃÊ

0.00

-3.42

-1 ñ7

-0.03

-R n4

0.40 0.00

0.02 0.05

0.49 0.00

0.29 0.00

0.12 0.00

0.08 0.11
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iygus, suggest'ing that the ìnjury to pod surfaces may have caused a

reduction ìn seed production thr'ough a reductìon in seed s'ize caused by

jnjury to pod surfaces. Both B. napus (F = 1i.43; df = I,299; P < 0.001)

and B. campestrìs (F = 4.38; df = 1,333; P < 0.05) pods produced a

s'ignificantly ìower we'ight of seeds when nacemes were caged with a lygus

(60.1 Ing and 41.8 mg r"espectìvely) companed to those w'ithout a lygus

(7I.7 mg and 46.8 mg, r^espective]y) . For both spec'ies, the loss 'in

we.ight of seeds produced pen pod was greater than expected based on the

percentages of blasted seed per pod (Table 16).

When seed p¡oduct'ion waS considered on the basis of nacemes, a

s'imilan pattern was observed to that revealed by anaìysis of seed

production fon ind'iv'idual pods. For both crop species and in both years

the nel atì onshi p between seed product'ion per raceme was negat'ivel y

related to the percentage of seed blasted pen nacsne, although the slopes

of the relationships were sìgnìficant only 'in 1984 (Tabìe 17). When 70%

of the seeds were blasted an avenage of I0.?% (r'ange 6.8-12.9%) of the

seed pnoduction by weight was lost.

As was obsenved in the bud and flower tests, the r-squaned values for

the rel ationsh'ips between seed product'ion and the percentage of seed

blasteC were low, between 0.09 and 0.49 when P < 0.05,'indicating

that injury to the seed by lygus bugs accounted for only a small

proportìon of the variation'in seed productìon among pods or nacemes.

Lyqus buq injur"y in conärenc'ial fields. The two con¡nercìal fields

sampì ed in t9B6 suf fered a I ow level of 'lygus bug injury, with 2.4 + 0.7%

of the seed blasted in B. napus and 1.7 + I.4% blasted in B. campestrìs.

For pods from the fields, the sìopes of the relatìonshìps between number
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of healthy seeds per pod (V) and numben of blasted seeds per pod (x) were

signifjcantly less than -l for both B. napus (t = 2.08; y = 27.26'I.I7x;

rZ = .58; n = 140; P < 0.01) and B. campestnis (t = ?.51; y = 24.5-1.29x;

,2 =.57; n = 96; P < 0.05) ìnd'icating that, more than one healthy seed

was lost for each seed blasted by ìygus bugs. Seed productìon pen pìant

was negat'iveìy nelated to the per^centage of blasted seed for both

species, but only sìgnificantìy so for B. napus (Table 18). Usìng the

per^centage of blasted seed est'imated in each field the relat'ionsh'ip

suggests that 1.2% of the seed product'ion of B. campestrì s was I ost

whereas 4% of the seed product'ion of B. napus was lost. Thene was no

relatjonshìp between the weìght of individual seeds and the pencentage of

seeds blasted as shown by the small, non-sìgnificant slopes of the

rel at'ionsh'ips . Al though the I evel of lygus bug-inj ury was I ow in these

f ields, the relat'ionshi ps between 'injury and losses in seed production

were similar to those observed in cage tests.

5. 5 Di scuss'ion

l,lhen presented w'ith Canol a ìn petri dìshes or in f ield cages, 'lygus

bugs feed act'iveì y on various p'ì ant parts and cause characteri st'ic ,

v'is'ible'injury. This injury'i s ev'ident as lesions on the stems, buds,

flowens, pods, and seeds of the plants. The same syrnptoms are evident in

commerc jal Canol a fìelds. No other' .insect pests or disease ongan'isms

have been'identjfied in Canola whìch could account fon these synptøns,

The pathogen Alternaria spp., a potential pathogen of Cano'la, is present

in only a smaì'l propontion of the lesions and could not be the main cause

of the syrptoms.



Table 18: Relationship between seeC production by we'ight and the
percentage of seeds blasted by lygus for p'lants collected in
tvo fi el ds of Canol a nean Vegrevì ì ì e, Al benta i986.

Seed pnoducti on , mg n Intencept Sì ope î? P

B. campestris

Seeds/plant 10 6301.6 -43.3 0.06 0.49

Seed weight 10 1.5 0.0 0.22 0.17

B. napus

Seeds/pl ant 10 884C.5 -147.5 0.55 0.01

Seed weight 10 3,3 0.0 0.32 0.09

81
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The feeding activity of lygus bugs causes the shedding of buds and

flowens of Canola. This'injury js s'imilar to symptøns of ìygus bug

injury ìn many other crops (Strong 1970, Tìngey and Pillemer 1977). For

jnstance, prernature drop of buds, fìowers and fru'it has been noted in

tomatoes (Davìs et al. 1963), apples (Prokopy and Hubbel 1981), and

cabbages (Getzin 1983). Alfalfa buds are destroyed quickly by lygus bugs.

Lygus hesperus Knìght can di ssol ve the contents of a 0.25 nrn bud 'in 23

sec (Strong 1970). In cotton, small buds are shed within 4 days of being

ìnjured by lygus bugs (Strong 1970). The I i kel ihood that these organs

wjl I be shed when i nj ured by I ygus bugs depends on thei n si ze. For

examp1e,50% of buds 5 frm or less in dìameter were shed when'lygus bugs

were confined on cotton, whereas none of the buds B mm on greater were

shed (Strong 1970). In th'is study, shedding of buds was I ess ev'ident for

B. napus than for B. campestr"'is, pnobabl y because of the ì arger si ze of

the buds ìn the fonmer specìes.

Natural shedding of buds and flowers is common in Canola and can be

att¡ibuted to a varìety of stresses other than lygus bugs. However, when

natural shedd'ing occur's, usualìy a1l buds or fl owers produced during the

period of stress, i.e. during a hot dry spell, are shed. An ìnadequate

suppì y of nutrìents (Al I en and iv'longan 1975, l€ndham et al . 1981) , sudden

drops in tsnper^ature (Scott et al. 1973), and ìnadequate pollìnatjon

(Wiìlìams 1978) all can result in pod'less stalks. þJhen a p.ì ant has

reached 'its capac'ity for seed production , a neduct'ion in the avail abì1 ity

of ass'imil ates may resul t ìn the shedding of the nemainden of the

undeveloped buds (Keiller and Morgan 19BBa) . Usua'l'ly buds are shed at

the top of the naceme which is the last area to develop. Thus, although



83

thene are differences in the pattern of shedding of buds and flowens due

to ìygus bug feeding and othen stresses, and often lesions are evident on

the rernnants of I ygus bug bl asted buds and f'ì owers, i t 'i s not al ways easy

to distinguish the sheddìng caused by lygus bugs from that caused by

other stresses, especia'l'ly unden f ield conditì ons.

Lygus bug injuny to seeds in Canol a 'is al so sìm'il ar to that observed

in othen crops, such as Ientils, where "chalky spot" and seed colIapse

are ind'icative of ìygus bug feedìng (Sunrner"field et al . 1982).

Shr.jvelled seeds are common in alfalfa fields infested with lygus bugs

(Sorenson 1936) . Ini ury to peach f ruìts can be pì aced in s'irnil ar

categor.ies to those found jn Canol a: young f ru'its d'ie when 'inj ured;

ìar^ger fru'its develop defonnitjes consisting of depressions; and some

fruits show scanring and dìmpl'ing but no deformities (Rings 1958).

Seed injury ìn Canola can be distinguished from other types of

'in j ur^y. D'i seased , f rozen and aborted seeds d'if fer mor^phol ogìcal 1y f rom

seeds injured by lygus bugs. Drought-stricken seeds are similar in

appearance to ìygus bug-'injured seed, but usual'ly most or all seeds'in a

pod or. part of a naceme ar^e dnought af fected. Drought-stressed seeds do

not exhìbìt lesions characterìstic of ìygus bug feed'ing. The symptoms of

lygus bug injury to seeds are more dìstinct than those for buds because

the evìdence of the puncture'is preserved in the seed coat. For this

reason, the percentage cf seeds which had collapsed or^ partiaìly

coìlapsed from lygus feeding were used as a measune of the feeding rate

of lygus bugs on Canola pìants. This measure underestimates the actual

nL¡mber of seeds affected by ìygus bug feeding because it excludes seeds

that were punctured but not co'l'lapsed.
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The pencentage of seeds blasted by lygus bugs is also a useful direct

measure of the loss in seed pnoduction due to ìygus bug feedìng. But

th j s measure of ì ygus bug 'inj ury to seed product'ion assumes that: 1. seed

weìght and lygus bug ìnjury are uniform over the p1ant, 2. there are no

indirect effects of ìygus bug feedjng on seed product'ion, and 3. the

pì ant i s unabl e to ccmpensate for i nd'irect i nj ury or seed bl asti ng. The

I atter two possibi I ities are addnessed ìn subsequent pa''agraphs. Because

the heav'iest seeds on Canol a pl ants ar'e produced near the bottcrn of the

primary naceme and a l arger pnoport'ion of the lygus bug-blasted seeds

occur" on the top of other nacsnes, estjmates of lost seed production

based on the pencentage of seed s bl asted Inay over"est jmate the I oss i n

seed pnoduction. In field colIected plants of B. napus significantìy

less injur"y occurs on the primary nacene. Thenefore, the actual yìeìd

loss by weight (20%) 'is I ess than the yield loss est'imated by percent

'i nj ury (2?f"). In B. campestni s 12.8% of the seeds pnoduced per p1 ant

were lost due to'lygus bug feedìng. However, if this numben'is adiusted

according to the average number^ of seeds per pod, and the avenage weight

per seeds produced on each nacsne the pencentage of yìeld lost'is

actually 15.7%. Therefore the location and extent of ìnjury shouìd be

cons'idened w'ith any yieìd loss estjmate.

The Canola plant is able to compensate for both bud and flower^ blast

under certain condjtions. In the gneenhouse, potted pl ants cunpensate

for jnjuny to buds and flowens (HIIiams and Fnee 1979, Tatchell 1983).

However, in the f ield cfflpensation does not a'lways occur (N'il sson 1987)

probably due to competition between closely associated plants which tend

to be smaller than plants grown individuaì'ìy (Rood and Maior 1984). In
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1984, pl ants ccmpensated for bud 'injury, and produced as many or more

pods than racemes with fewer blasted buds. However, as ind'icated by the

decljne in seed weìght per pod these new pods were lighter, resuìt'ing ìn

a net loss'in seed productìon. Plants overcqnpensated for bud'loss, ìn

1985, by p¡oducìng s'ignificantly more pods on injured racemes.

Therefore, even though seed weight pen pod decljned with increased bud

injury, fu1i compensation occurred. The dìfferences between years may

also be related to d'iffenences jn the level of cønpetìt'ion between pìants

for I irn.ited resources. In 1984, the naj nfal I for May and June was 246 mm

wh.ich was more than twice the 30 year average for the Fairview area (99.3

mm) , wheneas in 1985, only 70.4 n¡'n of rain fell, in the same period'

plots in 1984 wene lush and dense compared to plois established in 1985.

Therefore, intense competition between pìants may have occurred in 1984,

reducing the ind'ividual pl ant's abilìty to compensate for losses 'in seed

product'ion.

The 'impact of jnjury to the fl owens wìll depend on when the 'iniury

occurs. Injury at anthesìs can be conpensated for by the development of

a ì argen nr¡nber of smal'ler pods and the I evel of ccmpensatìon decl ines as

the days f rom anthesì s 'incnease (Ke'il I er and Morgan 1988b) . þlhere

flower"s were iniured, an 'incnease in the number of pods produced as

injury increased was not evident in this study, in either year". In 1984,

the plants may not have been able to respond to injury because of weathen

cond.it.ìons. However, in 1985, the I ack of compensai'ion may have been due

to the length of the confinement. In thìs season, p'lants were injured

over a week I ong per^i od . Most other experiments have exam'ined the irnpact

of injury ìnflicted at one po'int in time (Tatche'll 1983, Keillen and

Morgan i988b) . Ccrnpensat'ion 'i s noL as evident when ì nj ury occurs over a

1 ongen peri od of time (lll'i I I i ams and Fr^ee 1979) '
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L'ittle is known about compensation for injury to seeds. Seed Ínjury

by ceutorhynchus assimilis (Payk.), whìch occurs early ìn pod

develognent, flâJ be compensated fon 'in some years (Tatchell i9B3)'

However, the propor"t'ion of pods ìnfested'is posit'ively conrejated to

p'l ant size (tl¡.i1liams and Free 1979) and th'i s may have confounded the

results of the above study. The current study shows that the canola

p'lant does not compensate for lygus bug injury to seeds by ìncreasìng the

seed weìght or number of healthy seeds jn the same pod. Compensation may

be achieved by allocatìng f"esources to other areas of the same plant,

a'lthough no ev'idence for such compensation was found. The inab'il ity of

canola to compensate for seed loss may be a nesult of the late stage at

whi ch s uch i nj unY occurs .

The level of cornpensation fo¡ d'irect ìnjur"y by lygus bug to buds,

flowers, pods and seed 'is difficult to rneasure prec.isely because measures

of compensation are confounded by the indìrect'injury lygus bug also

causes. The indirect ìnjuny, whìch results'in lesjons to the su¡'faces of

stems and pods, probabìy results jn a dnain on the resources the pìant

might have marshalled to cornpensate for direct losses of buds or seeds to

lygus bug feeding. signìficant reductions in the weìght of seed produced

per pod occur as a result of ind'irect lygus bug 'injury' Thì s ef fect

shows that the ìndirect ìnjury may mone than balance the abil'ity of the

p'lant to cønpensate for ìygus bug ìnjury. Simì1ar1y, iniury to the pod

coat by Dasineura brassicae (w'inn.) leads to reduct'ions in seed

production (Tatchell 1983).

The level of compensatjon for dinect and 'indirect 'injury by lygus

bugs va¡ies from year to year and between locations' More neseanch work
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js needed to clarify how env'ironmental factors and lygus bug ìnjury

'interact to influence seed pnoductìon in Canola. Lygus bugs must be

consi dered a s'i gnì f i cant pest of Canol a because si gnì f i cant 'inj ury does

occur under fl'eld conditions and the Canola pìant is not able to

compensate for blasted seeds.



6 LYGUS (HETEROPTERA: MIRIDAT) INJURY AND YITLD LOSS

CROPS IN ALBERTA

6.1 Abstract

The ìmpact of 'lygus bug injuny ìn oilseed nape was assessed 'in plots

and comrnercial fìelds of oilseed rape Bnass'ica napus L. and Brassica

carnpestris L. When lygus bugs were controlled at the early pod stage of

oil seed rape, yieìd increased by 11-35%. Lygus bug densitjes reached 52

lygus bugs per' 10 sweeps at the ear'ly pod stage in 1985. Neither bud nor

flower Sprays resul ted in i ncreased yields. The percentage of seeds

'inju¡ed incneased and the yield decneased as lygus bug densìty 'incneased.

A1so, yìeld declined as the pencentage of seed injured by lygus bugs

incneased. These nelationshigs followed the same trends in a numben of

experiments conducted over'uwo yeans, but many of the slopes definìng the

tnends wene not statistically sìgnìficant and the predict,ive variables

accounted for relatìvely smaìì pr^oport'ions of the variatìon. Howeven, the

nelationships between ìygus bug density, percentage of seed ìnjured by

lygus bugs, and Canola y'ield support the conclusìon that lygus bugs can

cause agronomìca'lìy impor^tant'losses of Canola under field conditions in

Alberta.

8B

IN OILSTED BRASSICA

6.2 Introduct'ion

Lygus bugs have been found 'in oil seed rape ('i .e., Canol a) , Brassica

napus L. and Brassica campestni s L. , gt'own jn Canada for many yeans .

Thr.ee specìes of ìygus bugs ìnfest Canol a in Alberta (Sect'ion 3 ). Both

species of Canola and all cultivars tested are jnfested (Se:t.ion 4).
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Until recently, rìo atternpts have been made to determine whether on not

lygus bug populat'ions 'in Canol a cause cnop ìnjury that might wanrant

control (section 5). Control programs have been neponted for lygus bugs

'infesting other crops, ê.g. beans (Stewart and Khattat i980), and cotton

(Cave and Gutjerrez 1983). The first step in developing control

gu'ide1 ines for I ygus bug in Canol a i s to assess the'ir pest status in the

crop.

The objectives of this study were to detenmine: 1) 'if insectìcidal

control of lygus bug increases the y'ieìd of Canoìa;2) ìf yield loss and

the level of crop injury are related to ìygus bug densìty; 3) how

widespnead and severe the Iosses of Canola due to ìygus bug ane'in

Al berta.

6,3 Methods and Materials

conducted using an .insectìcide to contnol natural infestations of lygus

bug 'in fìel d p1ots. The punpose of the experiments was to determ'ine 'i f

reducing the densities of lygus bugs during the pod stage, when ìygus bug

jnju¡y i s ìmportant (Section 5), would increase the y'ield of the sprayed

plots in relation to that of the contnol p1ots. The fjrst was a

randomi zed compl ete bl ock (RCB) desì gn w'ith i nsect jc'ide appì ied at three

crop gnowth stages. The second was a spì'it plot (SP) des'ign with

'insecticide appl ied at a single crop gt'owth stage.

The RCB experìments were seeded jn plots (4 x 10 m) su'itable for the

cultivatìon of Canola at Fairview, Alberta and at Vegnevìlle, Alberta on

4 June 1985 and 12 May 1986, respect'ive'ìy. q_. campestni s cv. Tobin was

Insectjcidal control and y'ield loss. Two types of expenjments were



90

seeded'in 1985 and 1986, and in 1986 B. napus cv. Westar was included in

the same trìal. Seed was sown at a depth of 2,5 c¡n, in rows spaced at 20

cm, and at a seeding rate of 5 kg/ha for B. campestrjs and 7 kg/ha for B.

napus. In 1985, L. campestris was seeded in 4 plots, replicated 4 times.

In 1986, the two cultivans were seeded in 4 plots each per block,

total I ì ng eight p'lots per bì ock and each bl ock was repl 'icated 4 tìmes.

The treatments consì sted of a sìng'le appl icat'ion of an insecticide at one

of three plant growLh stages and a control, as follows: at the earìy bud

stage, when at least 75% of the pìants had visìble buds (3.1, growLh

stages defjned by Harpen and tser'kenkamp (1975)); at the flower stage,

when at least 75% of the p'lants had open flowers (4.1) and all the plants

had bolted; at the early pod stage, when at least 75% of the p'lants had

stanted forming pods (5.i); and the control plots, whìch were sprayed

wìth water during the early pod stage. Deltamethrin was appfied at a

rate of 12 g AI/na with a self propelled boom-sprayer usÍng flat fan

nozzles calibrated to del'iver 100 l/ha at a pressure of 275 kpa and a

speed of 6 km/hour.

Lygus bug densities in each p'lot were monitored imrnediately prior to

an 'insecticide app'l ication and 4E h after sprayi ng ìn 1985 (6 times) , and

weekly ìn 1986. Sampìes cons'i sted of 10, 180" sweeps per p'lot usìng a

37,5 crn d'iameter sweep net.

The percentage of seed'injured by ìygus bug in each plot was

estirnated by picki ng pods f rom the top, middl e and bottom of pl ants 'in

each pì ot. Sampl ed p'l ants were I ocated by wal kì ng two paces 'into the pl ot

and choosing every fifth plant aìong the length of each now. A subsamp'le

of 50 pods per pl ot were I ater examined in the I aboratony by d'issecti ng
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out the seeCs and assignjng them to injury categories. The number of

heaìthy, lygus bug-ìnjured, and aborted seeds per pod were recorded.

Seeds were assigned to the ''lygus bug-'injured' category 'if they had

co'llapsed and a feedìng puncture or the synptoms of enzymatic destruction

of the seed contents were evident (Section 5). Any injuned seeds

determi ned not to be i ni uned by 'lygus bug wer-e recorded separately, but

pooled with the healthy seeds to calculate percentages of seeds ìnjured

by lygus bug. Aborted seeds were not ìncluded ìn the count of total

seeds. In 1985, because of an ear'ly frost, seed sampìes were collected

green and then fnozen. Seed sampìes deteriorated by the tìme they wene

examined and the percent injury could not be estimated accunate'ìy.

Y'ields per plot were estirnated by hand harvest'ing two, 1m2 aneas in each

pl of , and in 1986, 1000-seeC-we'ights were deter¡nined f rom each y'ie1d

sarnp'le by weìghing thnee subsamp'ìes of 1000 healthy seeds and cal culat'ing

the rnean weight. Two-way anaìys'is of variance (SAS inst'itute 1985) was

conducted fon each parameten apportion'ing variance to spray tìming and

block effects. Separate ana'lyses were perfonned for each year and

cul ti var. ',.lhen sì gnì f ìcant d'i f fenences were detected mean separat'ions

were detennined used Duncan's new multiple range test (Steeì and Torrie

ieso).

The spl it-p'l ot experiment was seeded 'in pì ots (6 x 30 m) on three

dates 21 May, 10 June, and 24 June in 1985. F'ive rep'l icate pl ots of B .

campestnis cv. Tobin were sown on each date. A 5 x 6m area of each plot

was sprayed wìth deltamethrÍn, as described above, duning the ear'ly pod

stage. Plots were monitored for lygus bug twice weekly us'ing 10, 180'

sweeps per^ pì ot in the sprayed and unsprayed areas of each plot. Y'ields



from sprayed and unspnayed areas were determined by harvest'ing a one

metne Square area of each plot. They were cornpared using a paìred

t-test.

Lyqus buq dens'ity, seed 'iniuny, and y'ieìd. To determine the

rel at'ionsh'ips between I ygus bug density and seed j ni ury, the data f rom

the experiments descnibed above were analyzed by linear regression.

Scatter.grams vtere exam'ined and all nelat'ionsh'ips appeared to be linear.

Al so, the same ana'lyses were appl ied to estimates of seed ìnjury and

yieìd from seeding date and cultìvar trìaìs, and to sampìes taken from

commencìal Canola fields. These experiments are desclibed bel ow.

In 1985 and 1986, B. campestris cv. Tobin and B. napus cv. i^lestar

were seeded on three dales (will be referred to as the'seedìng date

trial') (Sect'ion 3). The two cultivars were sown ìn adjacent areas of a

field'in plots,6 X 30 m, at a seed'ing rate of 7 kg/fra for Westan and 5

kg/ha for Tob'in. Rows wene 20 cm apart, g'iv'ing 30 rows per pìot. Five

replicate plots were sown for each seeding date and crop species. The

seeding dates wene 21 May, 10 June, and 24 June 1985 at Fa'inview, and 12

May, 22 llay, and 5 June 1986 at Vegrev jl ì e. In 1985, seed'ing was deì ayed

and B. napus pl ots wene abandoned when they did not emerge because of

d roug ht .

Also in 1985 and 1986, five cultìvars of o'ilseed rape were seeded

(will be referred to as the 'cultivar trial') in plots, 10 x 4m, w'ith

rows 20 cm apart, gìving 20 rows per plot (section 4). The five

cult'ivars used were: B. napus cvs. þlestar, Andor, and Mjdas, and B.

campestris cvs. Tob jn and Tor"ch. F'ive nepl'icate pl ots were sown for

each cuìtjvar. The seeding date was 21 May in 1985, and jn 1986. For

Y¿
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both experiments, each pl ot was samp'led for lygus bug during the earl y

pod stage, and fon pods late in the pod stage (as described above). The

pods were dissected and the proport'ion of seed ìnjured by ìygus bug was

determ'ined. In the seedÍng date experiment, yields ¡vere estimated by

hanvesting two, 1 metre squane aneas of each pìot and taking a mean

weight.

To compare plot results to those for Canola growing unden normal

farming pnactìces, 16 con¡nerc'ial fields wene samp'led for lygus bug dur^'ing

the early pod stage in 1986. Each field was entered from the roadway and

surveyed in an inverted V patter'n. Ten sjtes were chosen by walking a

random nunber of paces, between 50 and 100. At each sìte, lygus bugs

wene col I ected us'ing 10, 180" sweeps , and two p'ì ants were uprooted and

transponted out of the fìeld for later examinat'ion. A second visjt was

made to each fie'ld just prìor io harvest to colìect pods from the top,

m'iddle, and bottom of the cnop canopy at several sites throughout the

field. In the laboratory, d Subsample of 50 pods was extnacted from each

sample and each pod was djssected. The nunber^ of hea'lthy, injured, and

aborted seeds was necorded as descrìbed above. Yields were obta'ined fon

each field by asking the fanmers for an accurate estimate of the yìeld ìn

each field. Yields wene estimated in bushels per acne based on the

stonage volume needed to contain the harvest from the ent'ire field, and

converted to g/n2 for the negressìon analyses. Far¡ers were informed

prìor^ to harvest that these data was needed, and thenefone, 'it 'is assumed

that the y'ield estìmates are as accunate as poss'ibl e gìven the methods of

harvest.
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For the above experiments, ìinear negressìons (y = a + bx) of yield

(V) against the number of ìygus bugs (x) per 10 sweeps was estìmated

separately for each of the eanly pod stages (5.1-5.2). The pencentage of

injured seed was regnessed agaìnst the number of'lygus bugs per 10 sweeps

col I ected in each pl ot dur"'ing the earìy pod stages (Harper' and Berkenkamp

lg75). For the seedìng date trial, analysis of covariance (SAS Institute

l9B5) was used to account for the effect of seed'ing date when comparing

the yield panametens to number of ìnsects collected'

survey of lygql_Þug_jnjuIJ. In 1982 and 1983, the pr"ovince of

Alberta was divìded into three neg'ions: Peace River, central Alberta,

and souther-n Al berta. The Peace Ri ver neg'ion consi sted of an area bounded

on the south by Valleyview, the east by High Pr^airje, the nonth by Fort

Vermìlion and the west by the British Columbia border. Central Alberta

extended fnom Athabasca south to Red Deer and east and west to the

prov.inc.ial bordens. Southern Al benta was any area south of Red Deer to

the U.S.A.-Canada borden. !^lith'in each r^egìon, Canol a gnowìng di stn'icts

were identjfied (M. Rudakewich, A'lbenta Ag¡iculture, Pers. comm.).

Munìc'ipal Di stricts (M.D.) , Countìes, and Improvenent Dì stricts (I.0.)

wjthin Canola growing dìstr"icts of each neg'ion were divìded into sampl'ing

aneas identified by centnal locations. Twertty of these areas were

selected at random wjth'in each region of the provìnce. The sunveyor then

dr.ove to a designated area and selected the canola field closest to the

central location. The surveyor entered each field from one connen and

followed an inverted V pattern. Sampled plants wene identifìed by

wal k'ing a random'ly se'lected numben of paces and sampì ing the pì ant

immediately to the left. Pods from the top, middle, and bottom of 100
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plants wene colIected and brought back to the Iabonatory for examinat'ion.

Seeds were dissected frcrn the pods and d'ivided into categorìes as

described above. Seeds that were col'l apsed but showed no external sìgns

of injury, ì .e., feeding punctures, were incl uded in the hea'lthy category

because we assumed that they were not damaged by lygus. Inexperience at

detectìng feeding punctures may have led to underestimates of injuny in

some cases. The Canola species in the fìeld and notes on crop conditjon

were neconded fon each field sampìed. In 1982, seed sampìes for thnee

sites in souther^n Alberta wene lost befone injury could be est'imated and

therefore, 17 ìnstead of 20 fields were ana'lyzed. An add'it'ional

thìrty-fìve fields were surveyed in the Peace R'iver region ìn 1982.

6.4 Resul ts

counts indicated that there were no sign'ificant diffenences ìn lygus bug

nL,mbens pen pl ot in ejther B. campestnjs (F = 0.66; df = 3,9; P > 0.05)

or B. napus (F = 1.95; df = 3,9; P > 0.05). Deltamethnin effect'iveìy

kl'lled lygus bugs at each crop stage. In 1985, 48 h after spray'ìng,

0.8(SD = 1.30) lygus bugs per'10 sweeps were collected in 5 pìots of B.

campestris sprayed jn the fl ower' stage companed to 5.2(SD = 3.42)

collected in the 5 check pìots, and no lygus bugs were collected in 5

plots sprayed in the pod stage compared to 14.6(SD = I0.9?) coìlected in

the 5 check p1ots. In 1986, in B. campestris no lygus bugs were

collected 48 h after spraying'in the 4 plots sprayed jn the bud, flower,

and pod stages ccrnpared to 0.5 (SD = 0.57) , 1.8(SD = ?-.61) , and 5.5

(SD = 6.45), at the bud, flower and pod stages, nespectively, co'llected

Insect'icìdal contnol and yi el d I oss. In RCB expen'iments pre-spray
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in the 4 control plots. In B. napus, no lygus bugs were collected in the

4 sprayed p]ots whereas 0.25(SD = 0.5), 0.6(SD = 0.89), and 0.71

(SD = 0.95) være collected in the 4 control p'lots at the bud, flower and

pod stages, resPect'iveìY.

Lygus bug densities at the pod stage were most effect'ively controlled

when 'insecticide was app'ì ied early in the pod stage (Table 19). When

pìots rcre spr.ayed at the bud and flor+er stages, they were reìnfested.

r¿Jhen pìots were spr^ayed early.in the pod stage, however, no'ìygus bugs

were collected'in subsequent growth stages. In all trials, sìgnìfìcantìy

fewer ìygus bugs wene collected in p'lots sprayed early'in the pod stage

than ìn unspr.ayed p1 ots (Tabl e 20). P.lots sprayed at fl owening al so had

sìgnìficantly fewer lygus bugs than the contnoìs, but they contained mone

lygus bugs than plots sprayed earìy ìn the pod stage. Pjots sprayed at

the bud stage haC lygus bug densities whjch were not sìgnìficantiy

different than the control Plots.

In all insecticide trials, Canola yield was greater in p'lots sprayed

at the pod stage than in the unsprayed pìots (Table 20). The yield

ìmprovement assocìated with sprayìng at the pod stage varìed from 11 to

35%, but in only two of the five tests, were the yjeld d'ifferences

significant (Table 20). The sign'ificant d'if fenences in yield were

obtained when ìygus bug densitìes wene high and when the cnop was sprayed

early in the pod stage. Yields in the p'lots spnayed at the bud or flower

stage dìd not di ffer s'ignif icantly f røn those 'in the control plots and

we re usuaì 'ì y ì ntermed i ate between yì el ds 'i n the contnol and those ì n

p'l ots spr-ayed at the qod stage . There was no con s'i stent nel at'ionshi p

between the lygus bug density of the control p'ìots and the sìze of the
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Table 20: Effect of an insectjcide appì ìcat'ion for lygus bug control
on yieìd and lygus bug densìtY.

Time of
appì icatì on

Date

9_.

t7

campestris, SP, 1985

Aug Pod ( 5.1 )

Check

Stage

)L

17 Aug Pod (5.3)
Check

5L

Seed
damage, 1000-seeC

% wst. ( g)

q..

9
¿l

campestrì s, RCB, 1985

Juìy Flower' -
July Pod
- Check

SE

R,

¿I
24
27

campestris, RCB, 1986

Yield
(gln¿)

June Bud

June Flower
Juì y Pod

- Check

Lygus 
1

density'

22L.7 a
164.7 b

3.18

145.5a
131.5a

2.25

SE

B . napus, RCB, 1986

24 June Bud

1 July Flower
28 Ju'ly Pod
Check

5L

Stage ,
samp'led'

0
52.2

0
30. 6

2^
A't

3.6
2,5
0.9

1 36. 7b
157.3a
135.lb

2.7

Analysìl ef va¡iance was conducted usìng data transformed using
(x + 1)u'3 for counts. SE's are based on tnansformed means. Means

withjn each column and group followed by the same letter or by no letter
are not s'igni f icantly d'if ferent (P > 0.05; Duncan's [1955; in Steel and

Tornie 19801 Mu'l tip'le Range Test) .

1M"un number of 'lygus bugs per' 10 sweeps. Means ane back-transformed
fnom transfonned means.

2¿Gnowth stage of Harper and tserkenkamp (1975).

5.?
5.2

5.3
5.3

2.7?
2.7 9

¿.óL
, tr,Ê,

0. 10

2.9
4.0
2,5
3.8
r.4

9.5b
ucl

22.4c
Ãa

189.0
181.0
189. 0

11.8

3. 78
3. 98
4.09
3.r2

.08

R'

5"2

2.Oab
1.3ab

0b
4.2a
.51

228.9
2TT.7
250.3
2r4.9
t4.7

5.2

^?

^2

0.6a
0.2 b
0. 1b
0.6 a
0.3

Ãi
5.1
5.1
5.1
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yieìd difference between the control plots and those sprayed in the pod

stage. The percentage of seeC injured by lygus bug and the

1000-seed-we'ight were only measured in 1986 when ìygus bug densitìes were

low. Under these condi tions thene was no sìgn'if icant di f ference 'in

percentage of seed'injuned for the different treatments, nor any apparent

assoc'iation between the percentages of injured seed and the lygus bug

densities during the pod stage. The 1000-seed-weìght was lower" in the

control p'lots than ìn the plots sprayed jn the pod stage for both tests

in 1986, but not sìgni f icant'ly so (Tabl e 20) .

Lygus bug densìty, seed ìnjury, and yl€]{. Lygus bug densities were

substantially lower ìn 1986 than in 1985. This was tnue fon the

insecticide trials (Tables 19 and 20) as well as the other trjals. For

exampìe,'in p'lots at the pod stage in the thjrd seed'ing of the seed'ing

date trì al s, 'lygus bug densities averaged 30.6 (SD = 9.7) pen 10 sweeps i n

1985 versus 2.2(SD = 0.6) 'in 1986. In the cul tìvar tnia] s, the mean

numben of lygus bugs collected at pod stage 5.2 was 26.6 (SD = 17.3,

nange 4-80) 'lygus bugs per^ 10 sweeps in 1985, and 3.86 (SD = 3.14, range

0-12) in the sane tn'ial in 1986. The pencentage of seed injured showed

a similar tnend although the differences were smaller. In the cultivar

trial of 1985, 5.4% (SD = 5.40, nange ?.2-27%) of the seed was ìnjured by

lygus bugs companed with 3.2% (SD = 2.4, range 0.13-i1.1%) in 1986.

The per^centage of seed i nj ured by I ygus bugs (y) ìn 1985 in the

cul tivar tri al s increased w'ith the dens'ity of 'ìnsects (x) present 'in the

pìots at pod stage 5.2 (y = 1.BZ +.092x, n = 24, ,2 = 0.23, P ( 0.05).

Sjm'ilarly, in 1986 in alI three types of trial, the percentage of seed

ìnjured by ìygus bugs ìncreased with dens'ity of insects, aìthough the
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slopes \+ene sìgn'ifjcant on'ly for the seeding date trial (Tabl e 2I). In

the seedìng date trial, at crop stage 5.2, the sìopes rsnained

sign'ificant when adjusted for seeding date us'ing ana'lysis of covariance

for B. campestris (b = 0.i3; df = 1,15; F = 6.i; P < 0.05), and B. napus

(b = 0.17; df = 1,15; F = 4.8; P < 0.05) indicat'ing that the thene was a

direct relationship between percent damage and insect numbens. However,

at crop stage 5.1the same nelat'ionshjps were not s'ignificant fon ejther

species when adjusted for seeding date. Nevertheìess, in both 1985 and

1986 lygus bug densìty, as estirnated by sweep sampl es, accounted for on'ly

a small portìon of the vaniation jn the percentage of seed injured by

'lygus bugs. The percentage of seed jniured by lygus bugs incneased by

0.1-1.1% for each increase of one lygus bug per 10 sleeps.

In the cultivar trials of i985, y'ield (V) of B. napus was negatìvely

related to ìygus bug dens'ity (x) at pod stage 5.1 (y = 194.42-5.61x,

,2 = 0.41, P = .01 n = 15). The one B. campestris cul t'ivar tested had a

yìeid-densìty ¡elationship wìth a s'im'ilan sìope, -3.48, but the

relationship was not sign'ificant. When the analyses were repeated using

densitìes est'imated at pod stage 5.2, ther^e waS no s jgnì fìcant

rel ati onshì p between yi eì d and I ygus bug densi ty. In 1986, j n the

seed'ing date tri al , there was al so a negat'ive neì atì onsh'i p between the

yìeld of the p'l ots and the nL¡nben of jnsects collected ìn the pl ots

durìng Lhe pod stage (Table 22). When the result,s of this tnìal wene

adjusted for djfferences ìn seed'ing date the slope of the relatjonshÍp

between y.ield and'insect nutnbers was not sìgnìficant (b = -4.79;

SEb = 3.77; ,2 = 0.06; P > 0.05), 'ind'icating that seeding date affected

both the yìeìd and the number of lygus bugs. The slope of the



Table 21: Relat'ionsh'ip (linear'
seed damaged and the density of
earìy pod stage ìn 1986.

Crop stage
Cul tivar samp'l ed

B. campestri s

Tobin 5.1

Tob'i n

regressìon) between
lygus bug (mean for

B. napus

l,Je sta n

Tri al

5.2

Seeding date
Insecticide

Seeding date
Insectìcide
Cul tivar

101

percentage of Canola
10 sweeps) during the

I,lestar

In te rce pt

15
-1

I5
II

5

Seed i ng date
Insect'icide
Cul tivar

Seed i ng date
In sec t'i c.id e
Cul tivan

5.2

3. 78
?7?

1.19
3. 81
4. 13

Sì ope

0. 33
-0.58

0.72
0.2 8
0.29

2r-

15
I3

5

15
5

5

.098

.080

.420

.194

.008

4.52
3.28
2.32

4. 84
3.81
3. 91

.?7 6

.538

.009

.r75

.908

n?o
0.10
0. 51

0. 78
I .08
0.70

.368

.001

.384

.459

.0?6

.565

.047

.934

.265

.029

.793

.1+J
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relationship for B. campestris cv. Tobjn r.rere similar to those observed

in 1985, whereas the sìopes for B. napus cv. Westar varied for the two

stages samp'led (Tabl e 22). For B. campestris cv. Tobin, the y'ieìd

declined by about 6% for each increase of one lygus bug per 10 sweeps.

Even for thi s sì gni fj cant nel at'i onshi p between yi el d and I ygus bug

density, pest dens'ity accounted for only a snalì percentage (45%) of the

vani ati on ì n yì e'ld.

In the cultivar trials of 1985, the relatjonship between seed yie'ld

and the percentage of seed ìnjured by ìygus bugs had a negative sìope,

but the sìope was not sìgn'ificant (b = -0.36; SEb = 5.06; 12 = 0.12;

P > 0.05). In 1986, the yìeìd al so decl'ined with the intens'ity of seed

'inj ury both in the seeding date trì al and in the insectic'ide tnial (Tabl e

23) . The rel at'i onshì p was sì gni fì cant for the seed i ng date trì al for

both varietìes and 'in the jnsecticide tnjal us'ing B. napus. For B.

campestris cv. Tobìn, about 5% of the yìe1d was lost for'each 1% increase

in the percentage of seed ìnjured by lygus bugs. For B. napus cv.

Westar, about 2% of the yield was lost for each 1% jncnease in the

percentage of seed 'ini ured by I ygus bugs.

The density of 'lygus bugs in the commercial fields sampled at the

early pod stage 'in 1986 was I ow, wìth a maximum of 2.2 l nsects per 10

sweeps jn one field. The rel at'ionships between the pencentage of seed

injured by ìygus bugs and lygus bug densìty was not sign'ificant fon

either Canola specìes and the slopes of the nelationshìps wene low for

both B. campestnis (y = 3.44-0.001x, n = 10, ,2 =.00, P =.99) and B.

napus (y = 3.83-.002x, n = 6, rZ =.02 P =.78). 0f the sixteen fields

sur^veyed , y'i e'ì d estimates we re obta j ned for twel ve . Y'i el d wa s not



Table 22: Relatìonship (linear
'lygus bug dens'ity (mean for
Canol a, 1986.

Cul tj var Cnop stage

B. campestris

Tob'in

Tob'in

regression)
l0 sweeps) at

B. napus

l.lestar

l,Je st a r

5.1

5.2

Tri al

Seeding Date
Insecticide

Seeding Date
In sect'ic'ide

between yje] d (S/^2 ) and
the early pod stage of

5.1

5.2

Intercept

l3
1

Seed'ing Date 15
Insect'icide 16

Seed ì ng Date 15
Insect'icide 5

103

146.03
172.4I

2t2.42
1 83. 51

S'lope

15
1l

?r-

- 0.58
- 3.21

-12.72
- 0.57

.000 .977

.030 .709

.451 .006

.001 .866

206.7r
230. 36

175.59
22r.75

-1 0. 23
- 7.81

- 0.32
-11.05

.193 .101

.021 .589

.001 .956

.054 .709



Tabl e 23: Rel at'i onshi P (f i nea r'
pencentage of seed damaged bY

Cultivan

B. campestri s

Tob'in

Tri al

B. napus

Westan

regressì on ) between
lygus in two field

Seedi ng date

Insectìcide

r04

yield (s/nz) and the
t ri aì s , 1986.

I nte rce pt

Seed'ing date

Insecti cide

15

15

203 .49

185.68

S'lope

15

15

-Ir.26

-2.34

2i5.85

250.22

.442

.025

-4 .93

-7 .16

.007

.558

.364

2(O

.017

.044
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s.ignìficantly re'lated to the percentage of ìnjured seed in B. campestnis

(y = 2lg.g6-24.5x, n = 6, rZ = 0.39 P =.19) or in B. napus

(y = 22g.65-4.04x, n = 6, rZ =.01 P = .83). However, for both species,

the slopes were negatìve as was observed ìn the field plots. Simì'larly,

yìe'lds were not sìgnificantly related to the number of ìnsects collected

'in B. campestn'is (y = 103.06-0.29x, n = 6, 12 =.004, P = 0'90) or in B'

napus (y = 22g.g-2.4x, n = 6, ,2 =.135, P = 0.47). However, the slopes

were negat'ive and simìlar to those found in field plots 'in 1986.

Survey of lygus bug iniuny. In 1982, the pencentage of seed ìnjured

by I ygus bugs was h'ighest 'in the northern part of Al berta and I owest i n

the southern part of the provìnce. The percentage of seeds destroyed by

lygus bugs varied from 2-7% for the regions, and was over 20% in some

f i el ds (Tabl e 24). In 1983, southern Aì ber"ta nece'ived si gn'i f i cantly mone

injury than central Alberta and the Peace Riven region, w'ith a level of

jnjury across the prov'ince sìmilar to that in 1982. Genenaìly, r'egions

which neceived the most injury were experiencing dr^ought and the plants

were i n poon condi t'ion .

6.5 Di scussi on

V,lhen lygus bugs were control led at the earìy pod stage of Canol a,

yìeld increased by 11-35%. Lygus bug injury causing yie'ld losses of this

magnitude jn commencial Canola would warrant control. The h'ighest ìoss

occurred at densities of 52'lygus bugs per 10 sweeps at the early pod

stage'in i985. In 1986 when densitìes at this stage were 1-5 ìygus bugs

per 10 sweeps, yield losses of 14-18% were observed, but these losses

were not stat'i st'ical ì y si gnì f i cant. Because pl ant and sweep sampl es



Table 24: Canola seed damaged by ìygus in three regions of Albenta.

Regì on

Peace Rì ven

Central Al berta

Southern Al berta

No.
fi el ds

1 982

Dama ge
% (sE)

55

20

6.88(0.7)a

4.10(i.2)ab

2.15(1.3) b

Range

i.3-28.4

0.4-21 . 0

0.4- 4.3

No. Damage
fields % (SE)

1 qÂ?

106

20

20

20

i.82(1.2)a

0.e6(1.2)a

6.21(1.2)b

Range

0.4-10.1

0 .3-2 .3

1.4-29 .7
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r.evealed no other pests in numbers that could have affected yÍeld, the

yield losses probably reflected ìygus bug ìnjury, aìthough no sìmp1e

assoc'iation of the yieìd losses with seed ìnjury or lygus bug density

were evident in the jnsectjcide tnials. Insectic'ides appììed during the

bud and flower stages also djd not sìgnificantly affect yield. Th'is

nesult was cons'istent with the conclusion that yìeld losses resulted

primarily from lygus bug contr"oì because neither the bud nor the flower

sprays provided protection from lygus bug attack during the pod stage,

when the Canola plant js nost susceptìble to lygus bug injury (Sect'ion

5). Furthenmore, the most ínjurious stages of the lygus bug ar^e the fifth

instans and adults (Gutiennez ei al. I977), which predominate when pods

ane devel op'ing (Secti on 3).

The relationsh'ips between lygus bug density, pencentage of seed

i njur.ed by 'lygus bug, and Canol a yìeìd support the concl usion that ìygus

bug can cause agronomìca1ìy ìmportant losses of Canola under field

condjtions ìn Alberta. The percentage of seeds jniured 'increased as

ìygus bug dens'ity i ncreased , and the y'iel d decneased as lygus bug densi ty

'increased. Furthermone, yìeìd decl'ined as the percentage of seed ìnjured

by ìygus bug 'increased. Al though these rel ati onsh'ips fol I owed the same

tnends in a number of expeliments conducted oven two yeans, many of the

slopes defin'ing the trends were not statjstically signìfìcant and the

predi cti ve vari abl es accounted f or rel ati ve'ly smaì 1 pt'oporti ons of the

variation.

The weakness of the nelatìonship between percentage of seed injured

and lygus bug densìty was prìmarily due to high varìation 'in estimates of

lygus bug dens'ities'in the Canola cnop. Coeff.icients of variatjon for
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density estìmates usually exceeded 70%. Sweepnet sampl'ing is also an

unrel'iable method of estimating'lygus bug densìties in other field crops,

e.g. lentils (Schotzko and 0'Keefe 1986), and cotton (Byerìy et al.197B'

El'lington et al . 1984j. However, it 'is a widely used techn'ique because

no other method can capture as many insects at reasonable cost whìle

minjmizing ìnjury to the crop (Ruesink and Kogan 1975). In Canola,

sweepi ng ì s espec'ia'l1y di f f i cul t once the crop enters the pod stage.

plants become intertwìned and form a veny dense canopy wh'ich js often

d1fficult to penetrate with a sweepnet. Then, insects below the top few

inches of the crop canopy are not sampled. Simi lan dìfficulties ane

repor"ted for^ samplìng lygus bug in cotton (Byer''ly et al . 1978' E'lf ington

et al. 1984). The low lygus bug densìties in 1986 contributed to the

problem of estimatjng precìse'ìy the relationshìp between seed jnjury and

ìygus bug densitY.

High var.iability jn the estimates of lygus bug dens'ity a'lso

cont¡ibuted to the low 12 values of the nelat'ionsh'ips between yield and

lygus bug density, as well as affectìng the constancy of the slopes.

Anothen cont r"i buti ng f actor was variab'il ì ty i n y'i el d among adjacent p'lots

or even adjacent areas wìth'in a plot. Cano'ìa plants can vary

considenably in sìze, shape, and number per unìt area in a field. The

plants are sensit'ive to differences in soi'l nutrients, mo'istune level ,

and plant density (Rood and Major 1984). At the Vegrevil'le sìte, soil

types vary wìthin a shont d.istance (R. Johnson, Aìbenta Environmental

Centne, personal communicat'ion). To overcome the effect of varìati ons in

so.il, it may be best to pair plots so that treatments are compared to

adjacent controls. lllhen th'is method was used in 1985, signìficant



differences were found between treated and untreated pìots. This

technjque was used effectìvely to demonstrate that yield losses occulin

rapeseed attacked by pollen beetles, Meligethes spp. (Nììsson 1987). The

'importance of vaniabiììty in the estimates of lygus bug dens'ity is

supported by the relatively high precision of the relationship between

yie'ld and seed injuny. In field p1ots, 43-46% of the variation 'in yie'ld

were accounted fon by the pencentage of seed'injured by'lygus bugs. This

I evel of prec'is'ion i s hi gh consi deni ng the number of extraneous f actors

that jnfluence yìeld'in Canola field p'ìots, and the low number of lygus

bugs present in the plots in 1986 when the tests were conducted.

The negnession relatjonshjps suggest that 0.3-0.7% of Canola seed

might be'injuned with lygus bug densities approxìmating 1 lygus bugs per

10 sr.reeps at the ear'ly pod stage (5.1) or 0.3-1% for the same numben

collected at a slìghtly ìater^ stage (5.2). The yieìd ìoss van'ied from

0.4-6% at about 1 ìygus bug per 10 sweeps. The relat'ionshìp between the

yield loss and seed ìnjuny indicated that 2-5% of the yield was lost for

each I% of the seed 'injur'ed. Gi ven the I ow rZ of the negressi on

r.elatjonships, these est'imates are ìmprecise and shou'ld not be used to

estimate economic thresholds for lygus bugs. Neventheless, they'indicate

that agronomically ìmportant losses could be occurrìng at lygus bug

densi ti es observed i n the f iel d p'ìots. Furthermore, the rel at'ionshi p

between yie'ld and seed injury, wh'ich is much more consistent and precise

than those denived using lygus bug density,'ind'icate that seed'injury

levels of 2-5% which were commonly observed in the field pìots and.in

commercial f ields would be associated with agronomical'ìy 'important levels

of yi el d I oss.
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In the 1986 survey of 'lygus bug density, seed injury, and canola

yie1d conducted in cqnnercial fields, lygus bug densities wene too low to

detect sìgnìficant varjatjon in yie'ld associated w'ith variation jn seed

injury or. ìygus bug density. Surveys of canola f ields are un'l'i keìy to

produce s'ignìficant nelatjonshìps between pest density, injury and yie'ld

(Free and lrlilliams 1978), because of variabìlìty between fìelds in

extnaneous envìronmental factors. Although few commercial fields lære

sampìed, the slopes def ining the relat'ionsh'ip between yield and the

pencentage of lygus bug injur^y wene negative as were those'in the field

pìots. Thus, the percentage of injured seed may be a reliable ìndicator

of y'ield losses occur^r'ing ìn the fjeld. This survey al so dernonstrated

that lygus bugs are not necessarily sign'ificant pests in all Albenta

fi el ds.

The mor^e comprehensi ve surveys of 'lygus bug 'inj ury i n Al benta Canol a

conducted in 1982 and 1983 also showed that scrne fìelds or scrne regions

may show veny l'ittle evidence of lygus bug injuny (ìess than 1% seed

injury). In the same years, howeven, other fields showed very

substantial level s of seed ìnjury attributed to lygus bug feeding. Based

on the relationship between seed injury and yìeld losses, seed ìnjury of

5% or more ane probab'ly assocìated with agronomical'ly' impor'tant, I osses in

yield (10% or highen). Therefore, in both years, when the avenage ìevels

of seed ìnjured wene 6%, a substantìal proportion of Alberta Canola

fìelds would have suffered losses great enough to warrant control.

tsased on the ev'idence presented in thìs paper, ìygus bugs are

potent'ial1y s'ignifìcant pests in Canola. Insecticìdal control of 'lygus

bugs at the ear^1y pod stage results 'in 'improved yields when suffic'ient



'lygus bugs are present. Reductions in yield are related to the

percentage of seed injured by lygus bugs, and injury can reach severe

levels in some Alberta fields. Insecticìdal control of lygus bug'is

effectìve at controlììng'lygus bug ìnjury if insecticide app.lìcations are

timed correct'ly. Sampl i ng methods for 'lygus bug i n Canol a ane

unsatisfactory fon estjmating precise'ly the relat'ionships between ìygus

bug densìty and yield ìoss, or to provìde act'ion thnesholds fon lygus bug

in Canola. Accurate gu'idelìnes for contnol of these pests of Canola need

to be developed.
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7 GTNERAL DISCUSSION

The pest status of'lygus bugs in oilseed rape crops such as canola

was v'irtually unknown. There ane no pub'lished reports of lygus bug

infestìng or ìnjuring ojIseed nape cnops'in Canada and very few reponts

of .inju¡y to these crops from other pants of the world (Hori and Hanada

1970). However, lygus bugs are known to be serious pests of a wìde range

of other crops in many parts of North America (T'ingey and Pillemer 1977),

and are known to feed on members of the plant family Cruciferae (Scott

Ig77, Fye 19g2b, Getzin 1983). This study establishes that thr^ee spec'ies

of 'lygus bug use Canola, a low gìucos'inolate type of o'ilseed rape' as a

host plant'in Alberta. The'insects feed, oviposit, and develop to

maturity on the two specìes of crop. The consequences of the interaction

between'lygus bugs and crops such as canola have only begun to become

appanent. In this discussion, I will assess the st.atus of our knowledge

of the relat'ionship between lygus bugs and Canola'

tt?

7.I Canola as a Host Plant for Lygus Bugs

Lygus bugs are not present jn the vegetat'ive stage of Canola crops.

Adults are attracted to the crop aften it has begun to bolt and then they

feed on buds, flowers, and developjng seeds. Nymphs fìrst appear duning

the flowering stage of the cnop. Late jnstar nymphs and adults are

present.in the crop as it beg'ins to matune when abundant green seed are

available to the lygus bug. Adults apparently m'igrate out of the cr'op as

the seed becomes mature, presumably they go to other cr^ops at suitable

stages of development on to overwintenjng sìtes. 0nìy one generat'ion is

completed each year^ in central and northern Alberta, although the



available day-degree un'its indjcate that more generations may be

compìeted jn other areas of the Canad'ian Prairies.

The specìes comp'lex of 'lygus bug ìs different ìn Canola than in

alfalfa, whìch is known to be an important host for lygus bug acnoss the

Canadian prairie and pa¡kìand. L. borealis makes up 70% of the

popu'lat'ion present in alfalfa whereas, L. elisus and L. lineolaris

predominate in ojlseed rape makìng up 70% of the population in that crop'

Lygus bugs are attracted to alfalfa often before Canola has been seeded

in Alberta. Therefone, nearby alfalfa stands have been suggested as a

possìble source of the lygus bug popu'lat'ions pnesent in Canola. However,

lygus bugs remajn on alfalfa for extended periods of time migrating out

only if it is cut (Stern 1976), or if it matures (Khattat and Stewant

1980) . Consideri ng the attnact'i veness of al fal fa and the rel ati ve

scarcity of L. el'isus and L. lineolaris 'in alfalfa, it is lìkely that the

source of lygus bugs f or the Canol a crops 'is weeds, especi al'ly

cruc'iferous weeds, which are abundant in rural Alberta, and not alfalfa.

The time Canola crops are seeded ìnfluences the numbers of ìygus bugs

.in the cnop. The numben of lygus bugs in a field apparentìy depends mone

on the tìmi ng of bud devel opment than on the cr^op spec'ies or cul tì var.

Later seeded crops accumulate lower numbers of lygus bugs. Thìs suggests

that thene is a finite pool of overwintered adults that move from crop to

crop i n the spr"i ng as the bud stage 'is reached i n each crop. As the

season progresses fewer adults ane available and therefore, the number of

migrants declines result'ing'in lower populat'ions. Brassjca napus L.

crops ane often seeded earlier in the sprìng than B. campestris L. crops

because B. napus takes longen to mature (Thomas 1984). Therefone,

113



114

negardless of cultivar, it js likely that the number of lygus bugs ìn B.

napus crops wi ì ì be hi ghen than i n B. campestri s cr"ops grovrn 'in the same

area.

Production of oilseed rape on the Canadian Praìries shifted in the

late 1970's from cultìvars containing hìgh levels of glucosinolates in

thei r seeds to those w'ith I ow I evel s (j .e. the Canol a cul t'i vans ) (Thomas

1984). The gìucosinolates ane thought to be defensìve compounds that

deter f eedi ng by generaì j st he rb'i vores , wheneas cruc'i fer speci al ì sts use

the breakdown products of g'lucosinolates as attractants (Feeny 1977).

The crucìfen special'ists so far studied have not been affected by this

trans'itìon to Canola cultivars (Genber and Obadofin 1981, Ahman 1982,

Larsen et al. 1985, Weber et al. 1986, Lamb 1989). Aìthough ìygus bugs

are generalist herb'ivores, they too are unaffected by the gìucosinolate

status of oilseed rapes. Survival and developmenta'l nates ane equal fon

'lygus bugs reaned on f i ve cul t'ivars of oi I seed rape regardl ess of thei r

gl ucosì nol ate status. In f j el d p'ìots, the numben of lygus bugs 'in each

of the five cultivars is equaì jndìca'uing that aì'l five cultivars are

suìtable hosts for ìygus bugs. The transitìon from hìgh-gìucosjnolate to

low-glucosinolate cultivars probably has not affected the pest status of

lygus bugs .in Canadi an oi I seed rape.

Canola ìs as good a host for lygus as alfalfa. Nymphs collected from

Canola or alfalfa show the sarne survival and rate of development when fed

Canol a. Resul t'ing adu'lts are s jmi I ar si zes. Thenefore, host sw'itchi ng

has l'ittle effect on nymphal development. 0ther studies have shown that

changìng the host of poìyphagous I anvae neduces ihe product'ion of b'iomass

(Scriber and Slansky i981). Howeven, this does not appear to be the case

for^ ìygus bugs.



7 .2 Pl ant Injury

Lygus bug feed'ing injury to Canola consìsts of lesions on stems and

pods, and blasted buds, f'lowers, and seeds. The response of the canola

plant to thjs injury ìs compìex. l^lìth'incneased bud and flower ìnjury'

pod numbers'incnease but the weight of seed pen pod, and the weight of

seed per plant often declines. When lygus bug'injury is severe, pods are

produced later on the raceme and contain fewer, fighter seeds presumabìy

due to a shortage of carbon assimìlates (Tayo and Morgan 1979). l,lhen

buds and flowens are injured art'ifìcially, the Canola p'lant fu'l1y

compensates for the lost buds (Ul'illiams and Free 1979, Tatcheìl 1983).

However, when the buds and flowers of Canola plants are injured by lygus

bugs, the degr-ee of compensation vanjes w'ith envi ronmental conditions.

There are s'ituati ons under whi ch I osses i n seed product'i on resul t f rom

bud or flower ìnjury by ìygus bugs. Furthen experiments, examìning the

condi t'ions under whi ch Canol a pl ants wì'lì compensate f or bud and f I ower^

'injury, are necessary to clanify the'impact of thìs jniury on Canola.

Direct and indjrect seed injury appanently occurs too late in pìant

development to 'induce compensation in the Canola pìant. No evidence was

found to'indicate that Canola plants can compensate for seed blastìng, so

that at least one seed is lost fon each seed blasted. Losses in seed

producti on assoc'iated wi th seed ì n j ury may 'in f act be hi gher than what

can be accounted for by djrect seed loss. For examp'le, some seeds in

injured pods may not be ìnjured, but nevertheless their weight declìnes

w1th the number of injured seeds'in the pod. This indicates e'ither that

plant nesources are neallocated to healthy plant parts at the expense of

seeds developing jn the injured pods, or that lygus bug injury causes a
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dna'in on the ass'imi I ates avai I abl e

p'lant's abilìty to respond to this

envi ronmental condi ti ons.

7.3 Impact of Lygus Bugs on the Productìon of Canola

Lygus bugs are pnesent in thei r highest numbers dur''ing the most

suscept'ib'le stages of the Canola crop and injuny to p'lants js occurring

whìch appears to be caused by ìygus bugs. However, there are several

addì ti onal I i nes of evi dence needed to determ'ine whether" or not lygus

bugs are important pests of Canola. In particular", it needs to be

demonstrated that the observed ìnju¡y js caused by ìygus bugs and that

the i n jury resul ts 'in agronom'ical'ly ìmportant reducti ons j n yi e'ld '

First, the injury found in the crop is typical of injuny caused by

'lygus bugs i nfest'ing other crops. In thì s study, growth patterns of

'injured buds, fIowens, and pods alI falI into categories of injury

previously descnibed in the litenature as ìygus bug injury (see

I'iterature revìew). Symptoms of lygus injury in Canola seed are sim'ilar

to symptoms evident'in lentil seeds injured by lygus bugs (Summerfield et

al. 1982). Second, symptoms of injury are 'induced in the presence of the

j nsects be'ing 'investi gated . in Canol a, bud and f I ower bl astì ng i ncrease

on plants confìned with a s'ing1e ìygus bug. The number of seeds'iniuned

jncreases and seed weight declines under the same cond'itions'

Th.i r.d, seed productì on per pl ant decl'ines wi th i ncreased ì njuny. Bud

and flower blast'ing in Canola result in a reduction in seed wejght per

pod w'ithout ìnfluencing the number of seeds produced. Seed ìniuny

results in fewer healthy seeds and lower seed wejght per pod.
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Fourth, y'ieìd reductions occur jn the field'in the pnesence of lygus

bugs and are related to the level of insect injury. Yjeld reductìons ane

neg'l'igib'le in field plots spr"ayed du¡ing the early pod stage and

substantial when lygus bugs are not controlled. Further"more' yield ìs

negativeìy related to lygus bug numbers and to the percentage of injured

seed occurring because of 'lygus bug feedìng. However, only a small

pr^oportìon of the variation in y'ield could be accounted fon by lygus bug

numbers and'injuny. More stud'ies are needed to clalify the relatìonsh'ip

between insect numbers and yieìd reductions 'in Canola.

Fifth, yield ìncreases occur when lygus bugs are contnolled. When

ìygus bugs were controlled jn fjeld plots at the earìy pod stage of

oilseed rape yield increased by 11-35% (Section 6). Surveys of percent

injury occur¡ing in commercial fields jnd'icates t-hat injury can range

from 0.3 to 29.7%'injury. Therefore, assumìng that there is no

compensation fo¡ seed jnjury, losses occut'ning'in commencial fields are

comparabl e to those estjmated i n f i el d pì ot tri al s. More precì se

yield-ìoSS estimates ane needed to confir^m the impact of lygus bugs jn

comme nc'i al f i el ds .

More accunate sampling methods would also help ìmprove estimates of

ìygus bug numbens present ìn Canola and their effects on yìeld. During

the bud stage ìygus bugs are dìfficult to sampìe with a sweep net. For a

shont time during flowerìng the crop is tall and open; however, once the

pods start to form, the crop canopy becomes intertwìned and difficult to

penetrate wìth a sweep net. Funthermore, sweep net sampìes of'lygus bugs

cornelate poorly wìth absolute population counts (Schotzko and 0'Keefe

1986). Therefore, ìt'is difficult to obta'in h'igh correlations between
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ìygus bug numbens and 'injury occurring in the fjeld even 'if the level of

injur"y can be measured preciseìy. Until mone accunate and precise

methods of assessing lygus bug numbens are found, deveìop'ing an economic

threshold for thìs insect will be d'ifficult. Neventheìess, based on the

ev'idence presented in this thesis, ìygus bugs ane important pests of

Canola and warnant furthen study to clar'ìfy theìn impact on Canola

production in western Canada and to ìdent'ify suitable contnol measures.



8 SUMMARY AND CONCLUSIONS

Lygus spec'ies successf ul ly comp'lete one generati on i n oi I seed

Brassica crops grown in Alber'ta. Three plimary spec'ies are Lygus elisus

Van Duzee, L. l'ineolaris (Palisot de Beauvois), and L. borealis (Ke'lton).

All three species are present in r^ape and alfalfa.

Lygus development 'is highìy synchronized w'ith the development of ìt's

host plant. It entens the crop duning the bud stage and neaches peak

numbens dur-'ing the earl y pod stage regandì ess of the date of seedi ng.

Later seeded crops accumulate fewen lygus bugs. Young nymphs ane present

durìng f'lowering stage. 0lder nymphs and adults are pnesent during the

early pod stage, whìch is the crop stage most susceptibìe to damage.

Therefore, lygus bugs are potent'ia'lìy seri ous pests of oil seed rape

because the'ir phenology assures that the later-jnstar nymphs and adults

are Dresent in the crop when seeCs are developing'

Glucosìnolate content of o'il seed Brassica cultivans has no ìmpact on

the development or survival of ìygus bug nymphs, nor on the ovipos'ition

by lygus bug adults. The numbens of ìygus bugs collected in the field

are not influenced by the glucosinolate content of the nape cultivan.

These results demonstrate that o'ilseed Brassica crops with hìgh on low

I evel s of gl ucosì nol ates ar"e both sui tabl e hosts f or Lygus spec'ies '

The symptoms of injury by ìygus bugs in ojlseed nape are s'imilan to

those described in othen cnops. Repnoductìve organs which have been

ìnjur"ed by lygus bug may turn bnown' shrivel uP, and abscise. Th'is type

of injuny.is termed "bìast'ing". Lygus bug-'injury results'in s'ign'ificant

i ncr.eases i n the number" of "bl asted" buds, f I owers, and seeds. Bud I oss

may compensated for by the product'ion of more pods on injuned pìants'
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Howeven, the pods on injured plants are lighter ìn weight, resultìng'in a

decl ì ne j n seed productì on w'ith i ncreased 'iniuny. Some compensation for

flower loss alSo occu¡s, but seed product'ion decl'ines as injury

jncreases. Compensat'ion for seed injury does not occur. These results

ind.icate that lygus bug-injury does occur in oilseed rape and has the

potent.ial to nesult in economic losses in th'is cnop.

I,lhen lygus bugs ane control led at the early pod stage of oil seed

rape , y'ie'ld ì ncreases . Neì then 'i nsecti c'ide appl i cati ons at bud stage nor

flowen.ing nesult in increased yieìds. The pencentage of seeds injured

i ncreases , and the yi el d decreases , as 'lygus bug density 'increases.

Also, yield declìnes as the percentage of seed injured by lygus bug

incneases. The relationships between lygus bug density, percentage of

seed injured by ìygus bug, and oilseed rape yìeld support the conclusion

that I ygus bug can cause agronom'i cal ì y ì mpontant I osses of o'i I seed rape

under field condìtions in Alberta.



9 CONTRIBUTIONS TO KNOI.¡LEDGE

This study demonstnated for the first time that lygus bug deveìop and

comp'lete one generati on 'i n o j I seed Bnass'ica crops grown i n Central and

Nor.thern Al berta. By demonstnat'ing that lygus bug devel opment i s

synchronous with host development this study has shown that lygus bugs

are potentìally serious pests of ojlseed rape because thejr phenoìogy

assures that the laten-jnstan nymphs and adults are pnesent ìn the crop

when seeds are develoPing.

By demonstrating ìygus bug deve'lopment ìs the same on hìgh and low

gìucosinolate cultivars it has been shown that most of the conrnerc'ial

cultivars of oìlseed Bnass'icas are equally suìtable hosts for lygus bugs.

0ther factors other than g'lucosinolate content should be sought to confer

nes'istance. Poss j b1y phys'ical barri ers , ì .e. , t richomes coul d be

'incorporated 'into f utune cul t'ivars to deter or pr"event f eedi ng by lygus

bugs. Further nesearch into the factons ìnfluencing host attraction and

acceptance woul d al so hel p i n the devei opment of r^esi stant vari etì es.

Lygus bug ìnjury does occun in oilseed rape and has the potentìaì to

nesult in economic losses in this crop. The nelat'ionsh'ips between 'lygus

bug dens'ity, percentage of seed injured by lygus bugs, and oilseed rape

yield support the conclusion that lygus bugs can cause agronomica'l'ly

important losses of o'ilseed rape under" field condìtions in Albenta.

However, much more research is needed to develop accur^ate sampling

methods so the stronger relationship between ìygus bug numbens and damage

can be established. This study has demonstrated that spr'ay'ing dunìng the

pod stage may resuìt in yield increases. Howeven, there ìs st,ìll need

for economic thresholds wh'ich will determ'ine if an insecticide

appì ìcation is necessany.
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þpend'ix 1: Mean + SE, of I ygus bug adul ts col I ected in commerci al
fields of Medicãgo sativa cv. beaver Brassica campestnis cv. Tobin,
B. napus cv-Estãr-Tr^om 1984-1986.

Cul tivar year

Beaven 1984

Beaven 1984

Beaver 1984

Beav er 1 984

Beaven 1984

Beaver 1984

Beaver 1984

Beaver i984

Beaven 1984

Beaver 1984

Beaven 1984

Beaver 1984

Beaver 1984

Beav er 1984

Beaver 1984

Beaven 1985

Beaver 1985

Beaver 1985

Beaver 1985

Beaver i985

Beaver 1985

Beaver 1985

Beaven 1985

Beaver i985

Beaven 1985

Beav er 1985

Beaver 1985

Beaver 1985

Date t'b.
(Jul ian) sites

155

160

165

169

t72
177

t79

185

r87

191

194

t97

205

208

2TT

155

158

r62

165

169

T7T

t/o
I /Õ

180

183

185

190

10

10

10

i0
10

1n

10

10

10

1ñIU

10

10

10

10

10

10

10

10

10

10

10

i0
10

10

10

10

10

10

boreal ì s

1.0 + 0.28

0.3 + 0.16

2.2 + 0.95

1.0 + 0,35

2.? + 0.54

6.3 + 2.07

1.7 + 0.59

2.2 + 0.68
n

1.6 + 0.26

1.7 + 0.43

I.2 + 0.37

4.0 + 1.00

3.5 + 0.69

9.0 + 2.14

0.3 + 0.16

0

I.2 + 0.24

0.2 + 0.13

0

i.3 + 0.48

I.2 + 0.47

0.8 + 0.42

0.7 + 0,26

1 .0 + 0.40

0.3 + 0.16

1.0 + 0.20

0.5 + 0.26

Lygus specìes

el i sus

0.5 + 0.17

0.5 + 0.26

1.0 + 0.28

1.0 + 0.35
1Ã+nRO

r.l t o.ll
0.8 + 0. 24

0.5 + 0.17

0

3.7 + C.97

1,7 + 0.38

0.7 + 0.16

0.5 + 0.26

0.2 + 0.13

0.3 + 0.26

0.2 + 0. l3
0.7 + 0.26

0

0.3 + 0.16

0

1.8 + 0.54

0.8 + 0.31
n

0.2 + 0. 13

0.7 + 0.26

0.2 + 0.13

0.3 + 0.16

0.2 + 0.13

I i neol ari s

0.2 + 0. 13

0

0.8 + 0.24

0.5 + 0.26

0.8 + 0.31

0.3 + 0.16

0

0

0.7 + 0.i6
0.5 + 0.26

0.3 + 0.16

0.2 + 0.13

0.3 + 0.i6
0

0

0

0

0.8 + 0.31

0

0

0.7 + 0.26

0.2 + 0.13

0.2 + 0.13

0

0.7 + 0.38

0

0

0.2 + 0.13



Appendi x 1: (Con't)

Cul ti var year

Beaven 1985

Beaver 1985

Beaver 1985

Beaver 1985

Beaver 1985

Beaver 1985

Beaven 1985

Beaver 1985

Beaver 1985

Beaven 1985

Beaver 1985

Beaven 1986

Beaver 1986

Beaver 1986

Beaven 1986

Beaven 1986

Beaver 1986

Beaver 1986

Beaver 1986

Beaver 1986

Beaver 1986

Beaver i986

Beaver 1986

Beaver 1986

Beaven 1986

Beaver 1986

Beaven i986

Beaven 1986

Beaver 1986

Beaven i986

Date No.
(Jul ian) sjtes

193

198

200

204

zTT

2t4

2r8

233

239

242

?46

143

146

i49

153

156

160

163

167

L7I

774

177

184

188

191

i95

202

205

209

212

10

10

10

10

10

10

10

10

10

10
1ô
1U

10

10

l0
10

10

i0
i0
J.U

10

10

10

10

10

10

10

10

10

10

10

boneal ì s

L.? + 0.37

0.3 + 0. 16

1 .5 + 0.59

2.2 + 0.83

8.8 + 1 .52

2I.3 + 2.45

29 .2 + 1.67

20.0 + 3.76

16.5 + 3.82

20.5 + ?_,65

17.3 + 1.85

0.2 + 0,13

0

0.7 + 0. 38

U

n

0 .8 + 0.24

0.5 + 0. 17

0.5 + 0. 17

0.5 + 0. 39

0.2 + 0.13

0

n

U

0.2 + 0.13

0.5 + 0.26

U

0.5 + 0.17
ô

0

Lygus species

el i sus

145

0.3 + 0 .16

0

0

0

0.7 + 0.?6

0.8 + 0.37

2.3 + 0.68

5.0 + 0 .82

3.8 + 0.24

5. 3 + 0.62

4.8 + 0.79
n

0.2 + 0. 13

0

0.3 + 0. i6
0.2 + 0.13

n

U

0

0

0

0

0.2 + 0.13

0

n

0

0

U

0

0

iineolaris

rì

0

0

U

0.7 + 0.26

0.5 + 0.17

1.0 + 0.49

0,8 + 0.24

2.7 + 0.38

3.8 + 1 .05

3.0 + 0.40

0

Û

0.7 + 0. 38

1.2 + 0.65

0

0 .5 + 0.26

0.3 + 0. 16

0

0

0.2 + 0.13

0

0

0

0

n

0

0.2 + 0.13

^

0.2 + 0. 13



Appendi x 1: (Con 't)

Date
Cultivar year (Julìan)

Beaven

Beav er

Beaven

Beaver

Beaver

Beave n

Bea ve r

Beave n

Tobi n

Tobì n

Tobi n

Tobi n

Tob'in

Tobi n

Tobi n

Tob'in

Tob'in

Tobin

Tobi n

Tobi n

Tobi n

Tobi n

Tobi n

Tob'in

Tobi n

Tobi n

Tobi n

Tobi n

Tobi n

Tob'in

1986 2r7

1986 2r9

1986 223

1986 2?6

1986 230

1986 233

1986 237

i986 240

1984 i87

1984 i91

1984 r97

1984 205

1984 208

1984 ?lI
1984 220

1984 222

1984 228

i984 239

1985 183

1985 185

1985 190

1985 193

10aÃ 1qR

1985 200

1985 204

1985 zrl
1985 2t4

1985 2r8

1985 225

1985 23?

No.
si tes

10

10

10

10

10

10

10

i0
10

10

10

1rìIU

10

10

10

10

10

10

10

ttJ

10

10

IU

i0
10

i0
10

10

10

10

boneal ì s

2 .0 + 0.45

1.3 + 0.33

2.7 + 0 .59

0.7 + 0.26

1 .3 + 0.38

1.5 + 0.33

1.0 + 0.20

3.2 + 0.37
n

0

U

0.2 + 0.13

0.8 + 0.24

0

0 .3 + 0.26

0.2 + 0.13

0.5 + 0.26

1.5 + 0.52

0 .1 + 0.10

0.2 + 0. 13

0.4 + 0.40

0.1 + 0. 10

0.2 + 0.13

0

n

0.1 + 0.10

0.2 + 0. 13

0.9 + 0.25

2.8 + 0.33

Lygus spec'ies

el ì sus
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0. 3 + 0.26

0.2 + 0.13

0 .3 + 0.26

0

0.3 + 0.26

0.3 + 0.26

0

0. 5 + 0.26

0

0

0

0.2 + 0.13

0. 3 + 0,16

0.3 + 0. 16

0.2 + 0. 13

0.3 + 0.16

2 .5 + 0.56

2.0 + 0.53

0

0.1 + 0.10

0.3 + 0.15

0

0.1 + 0.10

0. 1 + 0.10

0

0

U

0.1 + 0.10

1.1 + 0.78

4.0 + 0 .97

lineolaris

0.2 + 0.13

0.2 + 0.13

0.3 + 0.16

0.9 + 0.51

1.3 + 0.33

0.8 + 0.31

1.3 + 0.38

1.7 + 0.52

0

0

0

0

0

U

0.2 + 0.13

0.2 + 0. 13

1 .0 + 0.40

0

0

0.3 + 0. 15

0

U

0.1 + 0.10

0

0

0

0

rì

0.1 + 0.10

0.6 + 0.34



Append'ix 1: (Con't)

Cul ti var Yean

Tobi n 1985 ?35

Tob'in 1985 239

Tob'i n 1986 171

Tobì n 1986 I74

Tobi n 1986 L77

Tobi n 1986 181

Tob'in 1986 184

Tob'in 1986 188

Tob'in 1986 195

Tobi n 1986 202

Tobi n 1986 205

Tob'i n 1986 209

Tobìn 1986 LLz

Tobi n 1986 2I9

Tob'in 1986 2?3

Tobi n 1986 226

Tob'in 1986 230

Tobi n 1986 233

Andor 1984 17?

Andor 1984 Il7
Andor 1984 179

Andor' 1984 I85

Andor 1984 i87

Andor i984 191

Andor 1984 194

Andor 1984 L97

Andor 1984 205

Andor 1984 208

Andon 1984 ?LI

Andor 1984 220

Date No.
(Jul ì an ) si tes

10

10

10

10

10

10

10

i0
1^l.U

10

10

10

10

IU

i0
10

10

1n

10

10

10

10

i0
10

10

10

1^LU

10

10

IU

boneal'is

i.2 + 0.49

2.0 + 0.47

0

0

0

0

0

0

0

0

0

0

0

0

0

n

0

0

0

0.5 + 0. 17

0

0.3 + 0. 16

0.8 + 0.24

0.3 + 0.16

0

0 .5 + 0.26

0

0

0 .5 + 0.17

2.0 + 0.28

Lygus spec'ies

el'isus

t47

5.1 + 0.81

7.1 + 0.85

0

U

0

0

0.1 + 0. 10

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.2 + 0.13

0

0

0.2 + 0.13

0

0

0

0

9.5 + i.69

I i neol ari s

0.2 + 0. 13

1.0 + 0.30

0

0.1 + 0.10

0

0

0

0.1 + 0.10

0

0

0

0

0

0

0.7 + 0.47

0

0

0

0

0

0

0.2 + 0.13

0,3 + 0.16

0.3 + 0.16

0 .2 + 0.13

0

0.2 + 0.13

0

0

0.2 + 0. 13



Appendì x 1: (Con't)

Date
Cul t'ivan year' (Jul i an )

Andor

Andor

Andor

l,le sta r

Westar

l.le sta n

l¡le sta r
l.Je sta n

l¡lestar

He star
I,le st a r
I,le st a r
l.Jestar

i,{estan

We sta r

l.lestan

l¡le st a r
T,lesta n

l,Je sta r
ì¡lestar

Hestar

l,lest ar

l,lestar

Westar

l^le sta n

l^lesta n

i,le sta n

ìnle st a r

We sta n

l¡lesta r

1984 222

1984 228

1984 239

1985 r7t
1985 175

1985 r79

1985 i83

1985 185

1985 190

1985 193

19E5 198

1985 200

1985 204

i9B5 zTI

1985 214

1985 2r8

198s 225

1985 233

1985 235

1985 239

1985 ?42

1986 r77
1 ,a Ilyöo rol

1986 184

1986 189

i986 195

1986 ?02

1986 205

1986 209

10RÂ 21?

No.
sì tes

10

10

10

10

10

10

10

i0
10

10
1^IU

10

1n

10

10

1n

10

10

10

i0
10

10

10

10

IU

10

10

10

10

10

boreal 'is

3 .7 + 0.76

5.0 + 0.82

4.5 + 0.59

0

0.3 + 0.21

0.6 + 0.22

0.4 + 0.16

0.4 + 0.31

0.8 + 0 .29

0.1 + 0.10

0. i + 0.10

0

0.3 + 0.15

2.0 + 0.78

2.4 + 0.40

4.3 + 1.37

8.6 + 1.69

7 .7 + 1.37

6.0 + 2.09

5.8 + 1.20

0.1 + 0. 10

0

0

0

0

Û

0

0

0.1 + 0. 10

Lygus species

el i sus

148

3 .0 + 0.40

t0.5 + 1.75

0

0.2 + 0.13

0.5 + 0.22

0.6 + 0.22

0.6 + 0.27

0.3 + 0.15

0.3 + 0.15

0.2 + 0. 13

0 .1 + 0.10

0

0.2 + 0.13

0.3 + 0.21

2.7 + 0.87

5.3 + 1.14

10.5 + 1.63

I5.7 + 2.20

9.7 + L.75

L2.0 + 3.77

IL.g + 2.02
nU

0

0.1 + 0.10

0

n

0

0.2 + 0.13
nU

0

lineoiaris

1.0 + 0.40

4.0 + 1.00

0.8 + 0.24

0.1 + 0.10

0

0.6 + 0 .31

0. 5 + 0.17

0.5 + 0 .22

0

0.1 + 0. 10

0

0

0.1 + 0.10

0

1.0 + 0.61

t.? + 0.42

5.1 + 1.05

6.8 + 1.35

3.6 + 0.65

5.4 + 0.73
g.g + 1.15

0.3 + 0 .21

1.0 + 0.42

0.7 + 0.21

0.6 + 0.34

0.1 + 0.10

0.2 + 0.20

0.4 + 0.16

0.3 + 0.15

0.4 + 0.16



Appendi x 1: (Con't)

Cul ti var year'

l,le sta r 1986

lrlestar 1986

Hestar 1986

,destar 1986

l,lestar 1986

Date No.
(Jul i an ) si tes

219

2?3

226

230

233

i0
i0
10

i0
10

boreal i s

Lygus spec'ies

0

0

0

0

0

el i sus

149

0

0

0

0

n
U

I ì neol arì s

1.1

2.0

2.4
2.7

?.7

+

+

+

+

+

0. 35

0.39

0.48

0.67

0.62
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