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ABSTRACT 

, 

This handbook, which includes the more im- 
portant cone and seed insect pests on 15 species 
of trees in British Columbia, is intended as a 
guide to anyone interested in insect problems 
associated with production and collection of tree 
seed. Damage keys and illustrations are included 
to aid in insect identification. Practical met.hods 
for prevention and control are discussed. 

Ce livret, qui comprend les insectes nuisibles 
Ies plus importants des cônes et semences de 15 
espèces d’arbres en Colombie britannique, est 
destiné à guider quiconque intéressé a u x  
problèmes des insectes en ce qui à trait à la pro- 
duction et ramassage des semences d’arbres. Des 
clés des dommages et des illustrations sont ~ I I C I U S  
pour aider à l’identification des insects. Des 
méthodes pratiques pour la prévention et- le 
contrôle sont discutées. 
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The first compilation of work on cone and seed insects in North America 
was by Keen (1958). Recently a complete bibliography was published by 
Barcia and Merkel (1972)& 

This publication provides general information on the common insects 
that destroy tree seed in British Columbia. It is intended for practicing 
foresters, seed collectors, and others interested in problems associated with 
tree seed production. With emphasis on seed production in orchards, many 
insect species, even though not considered serious in natural stands, could 
constitute a problem where the host is more consistently available. Tree 
hosts are treated in alphabetical order by scientific name and the insect pests 
are discussed in descending order of importance for each species of host 
tree. Some insects are mentioned only by name because they are relatively 
unimportant in this region; they may be of greater importance elsewhere. 

Cone 

/ Bract - 
7' / 

a Seed' 

Fig. 1.  Diagram of basic parts of Douglas-fir cone. 
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The keys are intended only as a guide for determination of insect species 
present in mature mature cones. In early identification is 

difficult as larvae mature. 
include a variety of figures to help the reader in 

identifying pests. Figure illustrates basic parts of a cone which 
are to throughout the text. Early flower the period 

infestation has described and ihstrated for 
Douglas-fir by Allen and Owens ( 19'72). Maps illustrating host distribution 
are based on Native Trees of Canada by R.C. Hosie (1969). 

Soriie host species are frequently attacked by Inore than one insect species. 
As cones reach maturity in autumn, damage caused by lesser insect species 
tends to be obscured by the more dominant feeders. Although specific insect 
collection points are indicated on host distribution maps, insects may occur 
anywhere within the range of the host. 

I a m  indebted to m y  colleagues at the Pacific Forest Research Centre, 
namely, A.R. Craigmyle, E.J. Chatelle and J .C. Wiens for photographic arid 
illustrative assistance, and others for advice a i d  editorial comments. I a m  
particularly grateful to D.S. Ruth for his technicatl assistance arid for wil- 
IingIy and ably assuming responsibility for organization, in the final stages of 
manuscript preparation, during my absence. N.E.  Johnson of 
IVeyerhaeuser Company iiiade helpful cornments and kindly gave permis- 
sion to use photographs for Figures 26 d ,  30 a,  b. 
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True Firs

Amabilis Fir, Abies amabilis

Amabilis fir (Figures 2, 3) may suffer seed loss to [Wo species of insects
which also attack other [rue firs. Megfl5tigmuJ lasiocarpae is a common pest of
alpine fir and Earomyia abidum orgrand fir. Bolb speeiesarc discussed under
the other hosts.

Fig.~. Cones of ~m"hili, fir.
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GRAND FIR
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GRAND FIR 

G r a d  Fir, Abies grandis 

Grand fir (Figure 4) is a fairly good seed producer but a large portion of 
the seed crop may be destroyed by a number of different insect species. 
Figure 5 illustrates diagrammatically the typical feeding sites of insects that 
feed on the cone scale or in seeds. 

Key to Grand Fir Cone Insects 

1 .  Damage to scales and seeds; larvae feed freely throughout the cone, 
(a) whitish larva with dark head; feed in cone during summer; 

p. 1 5 
(b) whitish larva with whitish head, usually feed in seeds during 

Em-miyin. a.bietmi p. 14 

pitch-coated cocoon near axis in late summer. 
Bn.rbnl-n. s p. 

su inirier. 

2. Damage restricted to specific scales or seeds; larvae do not move from 
one part of cone to another. 

(a)  whitish curved larva in seed. 
Megastigmzis pinzis p. I4 
Megasiigwus I-af%i p. 14 

Dcuh  e u m  0 bieseinin p . 1 5 

Dnsiizewa sp. (sari midge) p. 15 

Resselielln sp. (scale midge) p. 15 

(b) yellow larva in seed. 

(c) yellow larva in swollen gall in scale. 

(d) yellow larva exposect 011 cone scale. 

sineura 

Megasfigmus rafni 

Megastigmus pinus 

Dasineura abiesemia 

Earomyia abietum 

Fig. 5. Diag~-ainatic il1ustration of rypical feeding sites of insects attacking grand fir cone scale 
and seeds. 
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GRAND FIR 

A fir-seed chalcid, Megastipus pinus Parfitt 
Host: Grand fir, amabilis fir, alpine fir and species of Abies introduced to 
British Columbia. 
Damage: Each larva spends its entire period of development in a single seed 
devouring the contents. This insect is important as a seed destroyer, particu- 
larly in grand fir. Hedlin (1967a) showed that these two chalcids were 
responsible for 50% of the seed loss caused by insects in cones of this host; 25 
seeds were destroyed per cone. There is no external evidence of damage 
until the adult emerges leaving a small hole in the seed. 
Description: The adult wasp is black and yellow. The larva is greyish white 
and, when fully developed, almost fills the seed. 
Life History: The adult emerges sometime during mid-May to mid-June. 
The female lays an egg in the seed near the cone axis. The young larva feeds 
throughout the summer and overwinters in the seed in the forest litter. 
When the mature larva is disturbed, it is extremely active in contrast to the 
sluggish M.  rafni larva. The larva pupates in the spring within the seed. 
Reference; Hedlin 1967a. 

A fir-seed chalcid, Megast ip i i s  rafni Hoffmeyer 
Host: Grand fir and introduced species ofA&es. 
Damage: Although this insect is probably not an important destroyer of 
grand fir seed, it is more destructive than is apparent. Damage is masked by 
competition with Megastipus pinus. When larvae of both occur in the same 
seed,M. rufni is killed and therefore the damage is attributed to the survivor, 
M. pinus. In the absence ofM. pinus damage would be caused by and credited 
to M. rafni. There is no external evidence of damage to the seed until the 
adult emerges. 
Description: The adult wasp is yeltow-amber. The mature larva is whitish 
and fills most of the hollowed seed. 
Life History: The adult emerges during June. The egg is laid in the seed 
adjacent to the seed wing. Early larval feeding occurs in this portion of the 
seed. 
References: Hedlin 1967a; Keen 1 958, 

A fir-cone maggot, Earomyk abietum McAlpine 
Host: Grand and amabiIis fir. 
Damage: The larva is basically a seed feeder, moving from one seed to 
another in the growing cone. However, it is a h  predacious and other 
insects, such as Megastipus, that are present in the seeds may be devoured. 
Description: The adult is a small black fly. The larva is whitish with distinct 
black mouth hooks. 
Life History: The adult emerges and lays its eggs between scales of the 
young cone in May. Watching occurs during May and June. The larva moves 
to the central portion of the cone to feed on seeds. In late summer, the 
mature larva drops to the ground to enter the litter and overwinter in a 
dark-brown puparium. 
Reference: H e d h  196'7a. 
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A fir-cone moth, Bnibcr.~n. sp.' 
Host: Grand fir. 

-Damage: The larva feeds on scales and seeds, causing extensive damage. 
Excessive pitch flow causes scales to fuse so cones usually do not disintegrate 
as early in autumn as uiiinfested cones. A single larva in a cone may destroy 
up to 25% of the seed; two will destroy 50% or more. 
Description: The adult is a small dark grey moth (Figure 9a). The whitish 
larva has a dark head capsule. 
Life History: This insect has not been studied in detail. The adult probably 
lays its eggs on the cone bracts in spring. When the larva has completed 
feeding in July, it spins a cocoon in the cone in which to pupate. When the 
cone disintegrates in late summer, the cocoon falls to the ground and 
remains in the litter over winter. 

A fir-cone seed midge, Dasznezmx abieseznia Foote 
Host: Grand fir and other species ofAbies introduced into British Columbia- 
Damage: The larva feeds in the seed of the host, one insect in each infested 
seed. It is not a serious pest of fir seed. 
Description: The adult is a small dark midge. The mature larva is yellow, 
Life History: The larva remains in a seed throughout the summer and 
drops to the ground to overwinter in the seed after the cone disintegrates. 
The following spring it pupates and the adult emerges. 
References: Hedlin 1967a; Keen 1958. 

A fir-cone gall midge, Dnsiizezm sp. 
Host: Grand fir. 
Damage: The larva forms a gall or swelling in the cone scale, usually adjacent 
to a seed. The seed is destroyed or fused to the cone scale. Damage is usually 
light. 
Description: The adult is a small dark midge. The mature larva is orange- 

Life History: The larva remains in the gall throughout the summer and in 
autumn drops to the ground when the cone disintegrates, It overwinters in 
the litter to pupate and emerge in spring. 
Reference: Hedlin 1967a. 

yellow. 

A cone-scale midge, Resseliella sp. 
Host: Grand fir and probably other conifers. 
Damage: Larvae feed, either singly or in clusters, on the inner surface of the 
cone scale, often between the seed wing and the scale. Larval feeding causes 
the scale to darken and sometimes turn brown prematurely. Although 
insects may be plentiful, damage is usually not severe because insects do not 
feed directly on seeds. 
Life History: The larva remains in the cone until late summer and drops to 
the ground when the cone matures. It overwinters in the litter as a larva and 
the adult emerges the following spring. 
Reference: Hedlin 1967a. 



ALPINE FIR
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ALPINE FIR

Alpine Fir, ,Jhin !{/\iortllpa

Key to Alpine Fir Cone Insects
I. Damage to scal~s and SCt:ds IhroughOll1 the conc.

(a) whitish larva. usually feeding in seeds.
Earo1nJill aquilollill p. 17

2. Inlcrnal damage to "ct."ds only: lanae do nOI lIIo\e from Olle seed to
another.

(a) whitish curn:d lana in se(.-'{1.
MfWlSligmll.1 lasiocor/Jaf p. 17

A fir cone maggot" Earolfl)'ia {/I1'litOllill McAlpine
Host: Alpine fir (Figures 6, 7).
Damage: Thc Ian'a feeds on seeds. mO\'illg fn::c1} from one 10 <Inmher
within the cone. rhere ma, be4 01" 51an:le pcreonc. which together destro,
most of the seeds.
Description: The adult iS;l small \"ch ct\ black n}. rh~ lar\"a is whitish with
distinct black mouth hooks.
Life History: Thc adult la)'s its eggs between scales of ),oung cones ill early
SUllllllcr. The lan'<I feeds during summer, mainl)' on seeds. In autumn. il
drop" 10 the gl"Ound to pupate and o\"cI"wintel" in the liuer.
Reference: Keen 1958.

An alpine-fir seed chalcid, Megastignllu lasiocarpa, Crosby
Hosl: Alpine fir and amabilis fir.
Damage: E.'lch larva feeds in one seed. devouring the contents. The in:"CCI
does IWI usuall), occur in large numbers so is not a seriolls pest.
Descriplion: The adult female wasp is black. The long ovipositor curves up
and forward ovcr the abdomen. The male is black. except [he lower portions
of thc head which are )"e11o.....
Life History: fhe lana dC"elops in Ihe seed of Ihe host. similar to
.U'ga.stigmru pitms (p.14 )

,Reference: Keen 1958.

•
Fig, 7. (~>llt:~ uf alpine tiro



Juniper
Rocky Mountain Juniper,jullipel1ls scopulorum

Key to Juniper Berry Insects
I. Berries apparent!) normal. larva in berry in cady Slimmer: round

emergence hole in bert)' in laic summer.
EIII)"toma jlmiperimw p.18

2. Berries noticeably shrunken, man)' Illiles in each berry.
Tr;sd(lClts qllaar;seills p.IS

A juniper berry mile, TrisetaClls qUlIl/risetus Thomas
Host: Rock} \loulllain juniper.
Damage: The mite anacks berries ofjuniper' and prc\'cnts normal dc\'c1op
men I (Figure 8). Hundreds of mites feed in each berr)', causing ilia develop
in a shrivelled form instead ofa smooth, round berry. Almost 100% orthe
berries on infested trees arc deslroyed each rear. This pest is 1101 considered
[0 be importalll beat use of lillie demand for juniper seed.
Reference: ~lorgan and Hcdlin 1960.

A juniper seed chalcid, EIIIJiOlflll j1wilH:riOlW Marcovitch
Host: Rocky i'llolllllainjunipcr.
Damage: The larva feed .. in a second-rear berry and dcstro)'s a single seed.
similar to members of the related genus M~gaSl;gr'llls. Damage is apl>are!ll
only after the adult has emerged through an exit hole bored in the seed.
Life Histor)': The adult emerges duringJul), or carl}' f\ub'1.IS1. Possibl)' eggs
arc laid d UTi ng late Slimmer in lirst-year berries and the insect o\'erwinters as
an egg or young larva. Lal"\'al development and pupation occur in sccond
year bernes.
Reference: Keen 1958.,
Fig. S. Juniper berrie~: left. normal and righl. lllfeslcd "'Jeh jun lM:r berq rnile.,
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SITKA SPRUCE
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BLACK SPRUCE
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Spruces

Spruce cone inseas are nOl sp«ific to a single host and most occur in all
species. i.e. Piua glauca, WhilC; P. mgelmannii, Engelmann; P. silchensi.s,
Sitka; and P. manana, black spruce (Figures 10, II, 12).

Key to Spruce Cone Insects

l. Damage to scales and seeds; larvae move freely throughout the cone.
(a) damage severe with quantities of coarse Crass on cone exterior;

large reddish larva.
Diorcylria abietivorella p.48

DiOryctrill renu:uleUoides p.49
(b) damage often not apparent on conc exterior; larval damage

mosdy to seeds during summer; larva white with black head, in
conc axis in late summer and winter.

Laspeyresia youngana p. 26

b

lOX lOX

I

Fig. I~. Llupr,rnia puIIgaM: (a) ~gg5 in condn, (bl )"oung la........ (<<ding in~ (arrow).
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SPRUCES

(e) damage often not apparent on cone exterior; larval feeding
tunnel spirals around cone axis through seeds; larva, white with
no obvious head, [eaves cone in late July; damage may be con·
fused wiLh. that of Laspeyr~sio..

H)'lem)'o anJhracina p.26
2. Damage restriaed to specific ponion or portions of the cone; larvae do

not move from one part of cone to another.
(a) whitish larva in seed.

Megastig"IltS piUfU p.28
(b) yellow larva in seed.

Moytliolo. carpophoga p.28
(e) yellow larva in small gall in cone scale.

Dasineura can<ldensis p.28
(d) yellow larva, feeds in scale, and in late summer spins a delicate

while silken cocoon in cone axis.
Dasilltllra rachiphaga p.27

Fig. 14. MalUrc: Jan'll of Laspeyrtsia YOImgalH/ in cone axis. (above)

fig. 15. While spruce cone sliew longitudinally 10 5h~' typia! dam...~ ofHJu.,a anlltrrKlHiI

lan'a. Ano..' <Al indicates one of points ..·hn-e sad hiU been desuu)'ed br the in$CCt as il mo'"es
around the cone axis: (8) normal seeds. (right)
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SPR CES

A spruce secdworm, LIl5/H')Tl'fia .\UungmlO (Keanon)
Host: White, Ellgdmann. Sitka ami black spruce.
Damage: The Ill:wly hatched larva goes din:(tJ)' lU a roung ~c.:cd to COtlJ
mcnce fcc.:ding. From Junc to &:plcmbcr it feeds alll\o~t entircl\ 011 seeds.
lIIo\'ing from OIlC 10 another as each is dCSlI'O\cd, The \Ollllg larva CIllCI'S
each scl.'(1 to de\ au r the contents (Figu re I~ih), As it gets larger it bores a hole
IIlrough Ihe Sl.'(''(.1 coat and feed... fnun out~ide the seed. Damagcd seeds an'
u~lIalh IeI'I filkxl \\ilh excrement. The mature lana enters thc (one axis
(Figure 14) and COlllinucs 10 fecd 011 ~eeds from Ihe axis 1ll111H.:1 for SOllIe
time bcfore going: into hibernation. One larva Illa}" destroy from 10 to 20
seeds. There is no external e\"idclll.C of damagc.
Description: The adult is a small dark-gn:\ moth (Figure 91». The pale
orange. mal egg b less than 1 mm in diameter. The malure \\hitish lan<l
wilh a dark head is lip to 10 IIl1ll long. The l>ul).'! is ta\\'1l\ in color. bel ween 5
,lIld 6 mill long.
Life History: The adult 1110th emerges in .IUllC to lay its cggs 1X:lweell (one
~alcsofsprllcc flowcrs (Figure 13a) which arc opell for pollination. The egg
halche~ during the Iattcr half of JUlie. <lI1d Ihe larva spends the sunlillcr
ft-'cdingon set.°ds, It enters the COile axis in laic August or eal'h Scptembel'lO
men,·inter. If ~e\erall:ll"":leare prcscllI in one conc dlC\' scp:n'lle Ihem
~cln~s in the axis I,ilh pluK~ of flOl"S. The\ pUI>ale ill ~Iay 01 thc follo\\'ing
\car.
References: I-Icdlin 1973: Tripp 1954: Tripp and I-Iedlin 1956.

A spiral spruce-cone borer, HJ/elflJ(l (mlhmdllll Czemy
Host: White. Engelmann. Sitka and black spnlCc.
Damage: The larva fecds in thc COliC frolllll1id-Julle until the latter halfof

.I u Iy. As il feeds. it 1110\"es spirally a roLlnd thc conc axis damaging scales and
destn)\"ing sel."(ls (Figures 15. I;b). Therc is 110 \'isible c.:xternal cvidcnce of
damage until tllC larva bores an exit lunnd wthe surfacc ofthccone. usuall>
laiC in .Iuh . Se\ el'allan'ac 111:1\ ftt"(! in one cOile. i11 \,'hich case up to IOOq of
Ihe sc~ arc desll"Opxl. L:suall) onl)' a single Ian'a completes de\'e!opmcllt
in each infhtL"(1 conc and ma)' destroy up 10 50% or the seeds.
Descriptiori: The aduh is a small black fly about 6 lIun IOllg. The while
dongatc egg (Figure 17a) is bet\"cell I and 2 111111 long. and thc fully growlI
\\hitish maggot is about 6 mm: it has a pair of dislinct black mouth hook~.

Life HisIOr}': The adull emerges in :\Iay or June to Ia}' eggs singl) betwcen
cone scales. Thc cgg hatches in abollt a week and the lan'a feeds ill the an~a

around Ihe cone axis. B) mid-July, thc lal'\'a is full)' grown and bol'es an exit
tlllll1c1 to the surfacc of the cone (Figure 17c). Dllting d;l1np or \\'CI weathcr
in late .Jill>' or eady Augus!. it vacates Ihe conc and drops to the litter. [t

pll patcs in late Slllllmer or alit 1II11 nand oVCI"\\ti nters ill Ihis stage in a smOOlh
hrown puparium ill the litter.
Reference: Hedlil1 1973,
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Fig. 16. 1JasIllnl~a ro<hiphaga cocoons in '" hile spruce mne .."is.

A spruce-cone axis midge, Dasi'li!lIra rachiplw.ga Tripp
Host: White. Engelmann. Sitka and black spruce.
Damage: This is one of the most common insects in spruce cones in British
Columbia. In spite of large numbers. it is less destructive than some other
species. Infested cones are nOl usually anacked by more than one larva per
scale. The insea feeds in the scale during early summer. gradually moving
i~to the cone axis. A severely infested cone may have ISla 20 larvae in the
axis. visible ani>' when the cone is opened. There is no external e,·idence of
damage, except in black spnlce where the base of the infested scale becomes
distinctly swollen.
Description: The adult is a small dark midge between 2 and 3 mOl long. The
fully developed larva is >·clloh' and occurs in a delicate silken cocoon in the
cone axis (Figure 16).
Life History: The adult emerges from the cocoon in the cone axis in late
Mayor June to lay its eggs near ovules of spruce nowers whidl are open for
pollination. The young larva enters scale tissue near an ovule and gradually
tunnels towards the cone axis. In late July, the fully grown larva spins a
delicate. white silken cocoon in the cone axis, in which to ovemimer. It
pupates in the cone in early May.
References: Hcdlin 1973; Tripp 1955.
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SPRUCES 

A Spruce seed midge, Muyetioh carpophga (Tripp) 
Host: White and possibly other spruces. 
Damage: Each larva feeds in and destroys a single seed. Although it may 
occur in large numbers in some localities it is not generally common so 
overaI1 losses are slight. 
Description: The adult is a delicate midge. The larva is yellow and lives 
within a seed. 
Life History: The adult lays its eggs in June in the openings of the ovules. 
Pollen grains are also plentiful in this location at the time of insect egg laying. 
The larva lives in the seed where it completes its development and remains to 
overwinter. It pupates in the seed in May and the adult emerges several 
weeks later. 
References: Hedlin 1973; Tripp 1955. 

A spruce seed chalcid, Megmtipus piceae Rohwer 
Host: White, Engelmann and probably other spruces. 
Damage: Each larva feeds inside a seed devouring the seed contents. The 
insect is not a common pest of spruce in British Columbia. 
Description: The adult of this very small chalcid is almost black with some 
brown and yellow markings. 
Life History: The female adult lays its eggs in the seeds of young cones, one 
egg per infested seed, in fate June. The larva feeds in the seed until late 
summer when it is fully grown. By this time the seed contents are completely 
devoured. The larva remains in the seed until spring, tu pupate during May. 
The adult emerges during June. 
References: Keen f 958; Werner 1964. 

A sprucecone gall midge, Dasineura canadensis Felt 
Host: White and probably other spruces. 
Damage: The larva forms a gall in the cone scale usually not adjacent to a 
seed. It occurs in small numbers and probably has little effect on seed 
production. 
Description: Similar to the cone axis midge (p. 27), except that the yellow 
larva feeds in a gall in the cone scale. 
Life History: The adult lays its eggs in June on the inner surface of the scales 
of young cones which are open for pollination. When the egg hatches, the 
larva enters the scale tissue to form a gall. When fully developed in late 
summer, it spins a delicate cocoon within the gall to overwinter. It pupates 
the following spring and the adult emerges in late May, or June. 
References: Hedlin 1973; Tripp 1955. 

Fig. 17. a, b, c. Hyiemya anlhracina in black spruce; (a) egg on cone scale, (b) cone sliced 
longitudiiially to show larval feeding damage, (c) larval emergence hole in cone, (d) Resseliella 
larvae on white spruce cone scale, (e) Douglas-fir twig “flagged” by Pilyophl~ortls tunneling, (f, g, 
h) Barbara coyaxiana in Douglas-fir, (f) eggs in flower, (g) cone sliced longitudinally to show 
larval damage, (h) pupal cocoon in mature cone. 
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LODGEPOLE PINE

Fig. 19. Lodgepole pine cone damaged by EUf:osrM rrciJsonll1Ul.
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Pines

Lodgepole Pine, PilllLl colliaria

A lodgepole pine cone moth, Ellcosmo rrci.ssorimm Heinrich
Host: Lodgepole pille (Figures 18.20).
Damage: The lan'a Illnncls in second-year cones. feeding on scales and
seeds (Figure ]9). Larval-bun'OII' openings on the surface of the cone are
surrounded by browll frass. The insect does nOt occur consislcntl}' through
the lodgepole pine areas of British Columbia bw. whell prt.-scnt. mal' C:lllse

~ignifiGllll seed loss.
Life History: The lan'<I feeds in thecQllc 1Illull:llC summer when itlea\"cs to
pupate and overwinter in a silken cocoon. The aduh emerges the following
spring.
Reference: Keen 1958.

Fig. 20. ('.(Illes of kxlgepolt' pine.
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WESTERN WHITE PINE
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WESTERN WHITE PINE

Western White Pine, Pillll.l "'Dill/cola

A pine cone beetle, COf/u/)!lthurIlS mOlltirolac Hopkins
Host: Western white pine (Figure 21).
Damage: The beetle bono-"S illlo the stalk of the COIlC and tunnels imothe axis.
The female lars ilS cggs in the tunnel. which now beCOllll.'S an egg brallel)'.
The aHack kills the cone and destrors all ilS potemial seeds. Damaged cones
drop 10 the gt"ound in earl}' summer.
Description: The aduh is a small shiny black beetle.
Life Hislor)': The adult emerges in spring frOlI1 a cone killed the previous
summer. II IXlres illlo an immallire second-rear cone. Each al tacked cone is
lIsuall}· inhabited by one pair of beetles, bUI somelimes there arc 1""0 pairs.
which exca\'ale separate gallel;cs. Al completion of o,'-iposition, the female
,-acales Ihe cone. lIsllall) through the elllrancc hole. which she then plugs
with frass. L.1rvae are present frolll mid-June 10 mid-July (Figure 22) and
pupale during July and early August. }\fter aboul one week in the pupal
stage they transform 10 adults. which remain in the cone utltilthe following
spnng.
Reference: Williamson 1'1 uf. 1966.

Fig. 22. Lan...: OfUHOpltlhtm/.l IMfUKOUU renting 11I:11 .. hiu~ pille ron('.



PONDEROSA PINE
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PONDEROSA PINE 

Ponderosa Pine, Pinus ponderosa 

Ponderosa pine suffers considerable loss of seed to Lmpeyresia piperana 
and several species ofDioryctria. The fact that the species is a good seed 
producer reduces the effect of the losses. 

Key to Ponderosa Pine Cone Insects 

1. Damage to scales and seeds; larvae move throughout much of the cone. 
(a) large dark reddish larva in cone in summer, large red pupa in 

Dioryctria aurunticella p . 3 8  
(b) brown striped larva in cone. 

Dioryctria rossi p. 38 
(c) dark reddish larva smaller than D. auranticella causing similar 

Dioryctria abietiworella p .  48 
(d) larva feeds almost entirely on seeds, moving from one to 

another as each is devoured; in cone axis in late summer and 
winter. 

Laspeyresia piperanu p . 3  7 
Damage restricted to specific portions of the cone; insects do not move 
from one part of cone to another, many larvae, often in clusters causing 
surface damage to scales. 

Resseliella sp. p. 39 

feeding cavity in late summer. 

damage. 

2. 

A ponderosa pine cone moth, Laspeyresia piperanu (Kearfott) 
Host: Ponderosa pine (Figure 23). 
Damage: The larva feeds fromJune to September, almost entirely on seeds. 
It moves from one seed of each pair to another completely devouring the 
contents and constructs a silken tunnel between them so the two seeds 
become fused (Figure 24a). The larva leaves each seed filled with frass. The 
mature larva moves into the cone axis (Figure 24b) where it constructs 
extensive mines, but continues to feed on seeds for some time through short 
tunnels out to the seeds. In one study, an average of 14 larvae per cone 
destroyed 47% of the total seed produced. There is no external evidence of 
damage to the cones. 

A related species, L. miscitata, causes similar damage in some ponderosa 
pine regions but is apparently not common in British Columbia. 
Description: The adult is a small dark-brown moth (Figure 9c). The incon- 
spicuous egg is usually reddish, but sometimes whitish, in color. The fully 
developed larva is creamy white with a brown head. The early pupa is white, 
turning almost black before emergence of the adult. 
Life History: The adult emerges in May and the female lays Its eggs, often in 
small clusters, on scales of second-year cones, usually near the base. The egg 
hatches in June and the young larva moves between cones scales to com- 
mence feeding in a young seed. In lateJuly, it enters the cone axis; in late 
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PONDEROSA PINE

summer or fall. il spins a dclicltc cocoon ill which it mcrwimers. It pupates
the following April.
References: )-Icdlin 196ib; Kcen 1958.

A pine coneworm, OiQ')·(tna allrmltiulla (Grote)
Host: Ponderosa pine.
Damage: TIle lana tunnels eXlensi\e1r in thc Sl.'Cond·\car conc (Figure 25a)
10 deslro~ seeds and scales in thc area of IUnneling. When plentiful. the
insecrs destrm a considerable alllOlllll of seed.

Two other species. D. abutivort'llli and D. YOMi, occasional!} cause cxlcnsi\·c

t

a

Fig. 21. L45pry"~a p'p'mna: (al S«d p,;urs fusro bl lao..l $illen fe"ding lUnnels. (bl rune ~iCl"(1

Ionglludillalh' 10ex~ lan.le and feeding tunnels.
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PONDEROSA PINE

damage of a similar nalllre.
Description: The adult is a mt."dium-sil.cd grc} 1ll00h. The Ia'....a is large.
dark in color alld vcr}' active.
Life History: The lal'va lives in the cOile throughout the summer. In Iale
sumlllcr, it pupales (Figures 25b) in lhe cOile and rcmains Ihere O\'el' I,'i Iller
10 emerge as :t mOlh lhe follol"ing spring.
Reference: Keen 1958.

A cone scale midge, UesSl'liella sp. (Figures lid. 26) (See ResSl'liella under
Grand fir) p. 15

Fig.2!J. VU"'Yffna arlrartl,ull(l: (a) fraSSll11tllan,.1 bunowonsurfacc ofl)()nderos.a pinecone. (b)
pUI);I III damaged 00114.".
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PONDEROSA PINE

hg 26. Utna~· of the mne '" ,lIe Illidge. ItrlV/i,.{la 'po f~"l;.'(lllIg on <'(~ll~·, 111 a pondt:rtl"" pi,..,
lOIlt:.
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DOUGLAS-FIR
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Douglas-Fir 

Douglas- f ir , Pseudotsugu menxiesii 

Douglas-fir suffers considerable seed lass to a number of insect species. 
Figure 28 illustrates diagrammatically the feeding sites of the more common 
ones. Frequent severe damage and a general high demand for seed combine 
to make the problem particularly important. 

Key to Douglas-fir Cone Insects 

1. Damage to scales and seeds; larvae move freely throughout much of the 
cone. 

(a) large active reddish larva present in cone in summer; much 

Dimyctria abietivorella p. 48 
(b) dark larva with distinct light-colored spots; feeds on cone sur- 

coarse frass in region of larva1 feeding. 

face as well as in tunneIs. 
Choristmura occidentalis p. 49 

(c) whitish larva with dark head feeding in cone until mid-July; 
reddish pupa in pitch-coated cocoon near cone axis in late 
summer. 

Barbara colfaxiana p. 43 
(d) whitish active larva tunneling through seeds and scales; head 

Earomyia barbara p. 53 
(e) beetles andor larvae feeding only in mature cones, on tree or in 

Emobius pUnctuldus b. 53 
2. Damage restricted to specific portion or portions of the cone; Iarvae do 

not move from one part of cone to another. 

not dark. 

storage; never in growing cones. 

(a) whitish curved larva occurring in seed only. 
Megastipus spemnotrophus p. 45 

(b) scales with swollen galls usually near the seeds; U-shaped 

Contarinia oregone& p. 45 
(c) scales mined, orange larva in tunnel between conductive tissue 

Contarinia washingto~nsis p. 49 
Camptomyia pseudotmga p. 5 1 

orange larva in gall. 

in scale during summer. 
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Fig. 28. Diagram of typical feeding sites of the more important Douglas-fir cone insects. 

3. Damage to cone-bearing and potential cone-bearing twigs and shoots. 
Young shoots become flaccid in June, turn red during July. 

Piqophthomcs marius p. 53 

The Douglas-fir cone moth, Barbara colfaxiana (Kearfott) 
Host: DouglasGfir (Figure 27). 
Damage: Damage is caused by the larva feeding, in the early stages largely on 
scale tissue, and in the latter stages mainly on seeds (Figure 17g). The farva is 
an active feeder, often leaving clusters of excrement (Figure 29b) on the 
cone as external evidence of its presence. When cones are large, as they often 
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tlK 29. Barbara col.jnxlalUJ: (3) pllp:. ill «.-.::Iionro Oougla~.fir omc. (bl OOIlll'"rison of fn.ssofB.
{olfa.~lQna (right) and DUJrTclna ahrttll'Qf'c/la {left}.

arc in coastal areas. there may be no external c\'idcll(Cofdamage: ill intcl;or
drier areas. cones arc llsually smaller and surEl.cc frass is common. It is a
cornm~1 belief thaI large arnOlll11S of pilCh on the surface of growing cones
indi<:atc tl.\c presence of insects: however. Douglas-IiI' COlles often exude
pilch freely. even when nOC infesled. Although infested cones are oflen
allacked only by a 51 nglc larva. rnu [Iiple i nfesuHions arc common. II is OIlC of
Ihe mOSt seriOllS pests of Douglas-fir cones. A 5i nglc 1:t rva will dl.."Stro}" about
6S/,k of the seed in a COliC and three or 1I10rc will destroy 100%.

This insect pmbabl)' occurs throughOlll thc range of the hos(. In BT'iLish
Columbia. il occurs consislellll)' and is a more serious peSI in the drier
illlcrior regions than in coastal areas.
Description: The aduh is a small greyish browll 1ll00h (Figurc ge)" The
rOllnd egg is pearl colo.· ,,'hcn laid. has an une\'cll Sillface and is about 0.8
TlIIll in diameler. As Ihe embn"o dc\"dops. the egg changes in color lhrough
orange toalmosl blad... The lan"a is \"{~Ilo"'ish ,,"hile "'i,h a black head in earh
stages which later 'urn" brmnl"
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Life History: The moth emerges when Douglas-fir flowers are open for 
pollination, usually during the latter half of April or early May. It flies only 
during the evening and is particularly active when weather is warm. The 
female lays its eggs, usualy singly, on the outer surface of cone bracts 
(Figure 17Q. When the egg hatches, the young larva tunnels into a cone scale 
and feeds there for some time, gradually moving towards the cone axis. It 
pupates in a tough pitch-coated C O C U O ~  (Figures 17h, 29a) during the last 
half of July. It overwinters in the cone, which usually remains on the tree 
until the following summer. 
References: Clark et al. 1963; Hedlin 196Ua; Hedlin 1960b. 

A Douglas-fir cone gall midge, Contarinia oregonensk Foote 
Host: Douglas-fir. 
Damage: The larva of this insect causes seed loss by forming a gall on the 
cone scale which fuses the developing ovule to the scale. Up to 30 larvae may 
form a single gall, which will destroy both seeds on the scale (Figure 30a). 
Severe infestations will destroy all seeds in the cone (Figure 30b). Under 
severe conditions cone scales will die prematurely and turn a reddish color in 
late July or August, providing the only external evidence of damage by this 
insect (Figure 3Oc). 

This insect is one of the most serious pests in Douglas-fir cones. It proba- 
bly occurs throughout the range of the host but is generally more serious in 
wetter coastal areas than in the drier Interior. 
Description: The adult is a mosquito-like insect about 3 to 4 mm long with an 
orange abdomen. The female has a long retractile ovipositor. The smooth, 
shiny, white elongate egg is so small it can hardly be seen. The mature larva is 
orange. 
Life History: The adult emerges from the cocoon in the Iitter during April 
when Douglas-fir flower buds are bursting. The female deposits eggs near 
the base of the cone scale in the newly opened flower. When the egg hatches, 
the larva tunnels into the young cone scale and forms a gaIl or swollen area 
near an ovule. Once established the U-shaped larva (Figure 30d) remains in 
the same location until it completes its development, then drops to the 
ground during wet weather in autumn. Johnson ( 1960) observed that larvae 
often 'select old male cones on the ground in which to overwinter. Pupation 
occurs in February or March. 
References: Foote 1956; Hedlin 196 1 ; Johnson 1 960; Johnson and Hei kke- 
Ifen 1958; Keen 1958. 

A Douglas-fir seed chalcid, Megastipus spemotrophus Wachtl 
Host: Douglas-fir. 
Damage: The larva of this species feeds only on seed contents, each one 
feeding within and destroying a single seed (Figure 3 la). After devouring 
the contents it remains within the seed coat. There is no external evidence of 
damage until the adult emerges, after which a clearly defined emergence 
hole is evident (Figure 3 1 b). Prior to adult emergence, insect damage can be 
detected only by seed dissection or X-rays (Figure 31c). This insect causes 
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a

fig. 30. ContarirPa orrg(II1~J; (a) Dougl;J$<fir galled (Om: $Calc. (b) coll('1s1icC'd longitudinalh to
show $C:\"C'r", damage (righl) and good $<-'e(b (Iefl). (e) Dougla-t-fir conc 5GIlrs killed (d;,rk) b\.
se--erc infestation. (d) ",,.posed gotll sn:U0I1 showing "pical [;.shapr Ian"",.
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Fig. :.II. MrgastipllU 5/Nf'llOlrO!,}ms: (a) I)ollglas-fir cone slice showing larvae (arrows). (b) adull
emergence holes ill s<:.,ds. (c) X-ra) showing br\"ae ill infestt-d seeds. (d) pupa (re11l~le) removed
from sn:<1.
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Fig. 32. Douglds-fir (Olle damaged b) DrUl)'clria abrd;'PQTflla.

damage faid)' consistemly. probably throughout the range of the host.
including regions where Douglas-fir has been introduced. Although losses
are general, they are not usuall)' se\·ere.
Description: The adult female is an amber·colored wasp-like insect about
4.0 mill long, with a long o\-ipositor which curves up over the abdomen
(Figure 3Id). The male is lighter in color, almost )cllo\\'. about 3.0 mm long.
Life History: Adults emerge from infested seeds in late ~Iay andJune. The
female insel1s her ovipositor into young cones and deJX>sits an egg into each
1eed selectcd. ~fultiple infestations may occur ifdifferent females deposit an
cgt.!n the samc seed; when this occurs only one larva survives to malllrity. A
Ian'; spends its cmire life in one seed feeding on the seed contents during
june,jul)' and August. It remains over wimer inlhe seed. either in thc cone
which may remain on the Iree, or in the litter. It pupates 111 spring.
References: Husse)' 1955: Keen 1958: Ruth and Hedlin 1974.

A fir coneworm DiorJ·ctria abi~tit'oulla (Grotc)
Host: Dougtas-tir. spruce, ponderosa pine.
Damage: The larva of this species feeds \oracioush. tunneling indiscrimi·
nately through scales and seeds. It lea\'cs holes and considerable amounts of
coarse frass on the surface of the cone (Figures 2gb. 32). Infested cones of
Douglas-fir and spruce are llsuall)' completel) dcstrored: JX>nderosa pine is
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less severely damaged. 
A related species, D reniculelloides, although normally a foliage feeder, 

occasionally attacks cones causing a similar type of damage to that of 
D. ubietiworella. 
Description: The adult (Figure 9d) is a medium-sized greyish moth, with a 
wing span of about 28 mm. The fore wings are mottled dark brown and 
silver and the hind wings are grey. The mature larva is reddish with a brown 
head, about 20 mm long. It is extremely active when disturbed. The pupa is 
dark reddish brown in a tough round silken cocoon, usually covered with 
dirt or frass. 
Life History: The life history is apparently variable, According tu Keen, 
some larvae pupate in cocoons on the ground during July, August and 
September to emerge shortly afterwards, and lay eggs which overwinter. 
Others overwinter as prepupae in cocoons to pupate in March and April and 
emerge as moths in May and June. Moths emerging in the fall probably lay 
eggs which overwinter on foliage to hatch in spring. Larvae feed from June 
to September. 
References: Keen 1958; Munro 1959. 

The western spruce budworm, Choristoneura occidentah Freeman 
Host: Douglas-fir. 
Damage: This insect normally feeds on foliage. Although not a common pest 
of cones in British Columbia, occasionally larvae cause severe damage by 
feeding on cone scales and seeds (Figure 33). 
Reference: Dewey 1970. 

A Douglas-fir cone scde midge, Contarink washingtonensis Johnson 
Host: Douglas-fir. 
Damage: Larvae lie in clusters in longitudinal tunnels just below the scale 
surface under the seed wing (Figure 34a). Although feeding tunnels may 
extend below the seeds, they do not cause direct damage. They may, how- 
ever, affect seed viability; but, if so, the extent is not known. There is usually 
no exterior evidence of damage on cones lightly or moderately infested. 
Severely infested cone scales may die prematurely (Figure 34b) and turn red 
in late July, or August. 

These insects always lie fully extended in the feeding tunnel and never 
form a gall; thus they can easily be separated from gall midges which also 
feed in the scale but lie in a U-shape in a distinct gall. 

When mature cones infested by this insect are picked, larvae vacate the 
cone. They are the yellow-orange insects which sometimes occur in very 
large numbers on the ground in cone-drying sheds. 
Description: The adult is a mosquito-like insect, superficially indistinguish- 
able from that of the Douglas-fir cone gall midge. 
Life History: The adult emerges in June from its cocoon in which it has 
overwintered, in the litter. The female deposits its eggs between the scales of 
young cones. When the egg hatches, the larva crawls between cone scales to 
enter scale tissue. It remains there until late summer when it drops to the 
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fig. jj. l...a ....-;I or C/IDn.1lonnm. Qt:(lJ,nlalu reroing on Douglas-fir cone.
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Fig. :H. Co"Jllri"i<l U'ashi"/;,'Iotlmlij: (a) !<In<le in reeding lunncls in Douglas-fir cone scale. (b)
cone iIIicc:d 10 sho..· !Kales killed II}" bl'\-al rceding,

ground 10 enter the litter and form a cocoon prior to oVenvi1l1Clillg. I'upa
lion occurs lhe following May.

eferences: Hcdlin and johnson 1963: johnson 1963,

A Do,.uglas-fir cone scale midge, Camptom),ia /Jsplldofsllgae Hedlin and John

"'"Host: Douglas-fir.
Damage: Lan'ac Oflhis species occur only in cones infested by its cohabiL.."lnt
C. lI.!ashillb>10llms;s. The lWO species feed LOgether in lhe same area causing the
same t}'llC of damage,
Description: All stages of the insect aloe similar in appearance and size 10
those of the cohabit."lllL 1'\\'0 prominent anal hooks aid in distinguishing the
larva from lhal of C. washing/olleT/sis,

Life History: The lire hislory is ve'1' similarto Ihal ofe. washillgtollensis, The
reason for the association between the IWO species is nOl kno.....n.
Reference: Hedlin and johnson 1968.
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A Douglas-fir twig-mining beetle, Pityophthonis orarius Bright 
Host: Douglas-fir. 
Damage: Beetles and larvae of this species cause damage, not by feeding in 
cones but by mining and killing young twigs (Figure 3Sa). The twigs turn 
brown or red duringjuly (Figure 17e). This damage has an effect on the 
crop of the following year, because many of these twigs would normally bear 
cones the next year. ' 
Description: The adult is a small black beetle 2 to 3 mm long (Figure 35b). 
Life History: Adult beetles overwinter in tunnels in twigs of the host and 
emerge in May to tunnel into last year's twigs. The female lays 1 or 2 eggs at 
the base of a lateral twig during June. Larvae usually feed in last year's 
growth, but sometimes in new shoots, during June and July. Pupae are 
present from mid-July to mid-August and the young adults appear during 
this period. 
Reference: Hedlin and Ruth 1970. 

A Douglas-fir cone beetle, Ernobius pnctulatus (Leconte) 
Host: Douglas-fir, ponderosa and several other species of pine. 
Damage: This insect feeds only in mature cones, which may be on the tree, 
the ground or in storage. When plentiful, it  may destroy significant quan- 
tities of seed in cones held in storage prior tu seed extraction. However, since 
it is not usually abundant, it is not a serious pest. 
Description: The adult is a reddish brown beetle 3 to 4 mm long. The white 
Iarva is curled and has a brown head. 
Life History: The eggs are laid in dead or mature cones, usually in the year 
of development. Larvae remain in the cones Over winter until the following 
summer, when pupation occurs. They develop to the adult stage during 
June, July and August. Some larvae remain in the cone for an additional 
year before they pupate. 
References: Hedlin and Stickland 1959; Keen 1958. 

A fir-cone maggot, Earomyia barbara Mc Alpine 
Host: Douglas-fir. 
Damage: The larva feeds in Douglas-fir cones, damaging scales and seeds. It 
is also predacious, particularly on midge larvae. A single larva may move 
actively throughout a cone, invading mines and galls formed by midge 
larvae, destroying all the inhabitants. It does not occur in sufficient numbers 
to be considered important as a seed destroyer. 
Description: The adult is a small black fly about 3 to 4 mm long. The larva is 
a whitish maggot about 6 mm long and has a pair of distinct black mouth 
hooks. 
Reference: Keen 1958. 

Fig, 35. Pilyoththwz~s oraritts; (a) Douglas-fir cones killed by larval and beetle twig mining (2 
small cones), (b) pair of beetles in twig mine. 
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A cone bug, bptoglosms occidentalis Heidemann 
Hosts: Douglas-fir and other conifers. 
Damage: The adult and nymph of this insect insert their long proboscises 
into cones to suck juices from the seeds. They cause significant losses to 
Douglas-fir and pines in California but do not appear to be a serious pest in 
British Columbia. 
Description: The adult is a large reddish brown bug about. 18 mm long 
(Figure 36). 
Life History: The adult overwinters to emerge in early summer and feed on 
juices of seeds in young cones. It lays eggs on foliage of the host tree. 
Nymphs and adults feed throughout the summer. 
References: Koerber 1963; Krugman and Koerber 1969. 
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Fig. 36. Adult {-tptoglolSll!i «d,drnl(lllJ.
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WESTERN RED CEDAR
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Cedar

Western Red Cedar, Tlwja plica(a

A red cedar cone midge, Phytophaga lhujOL Hedlin
Host: Western red cedar (Figure 37).
Damage: The larva fceds on the surface of scales and seeds in the central
most fenile ponion of the cone. Unlike most members of this group of
insects, the larva moves around in the cone destroying morc than one seed.
Damage is visible externally after larvae have fed for a few weeks, because
margins of scales split and lurn brown. Mature infested cones are usually
smaller than uninfested cones. Usually all seeds in infested cones are de
stroyed. However, since the host is normally a good seed producer these
losses do not conSUtUle a serious problem.
Description: The mature larva is orange. In late summer, it forms a delicate
grey cocoon (Figure 38).
Life History: Theadult emerges in March in coastal British Columbia, to lay
eggs in small dusters in young red cedar cones which are being pollinated.
The egg hatches in April and the larva feeds during the summer. It overwin
leTS in a cocoon in the cone to pupate in February.
Reference: Hedlin 1964.

fig. 38. Westem red cedar cone partially dissected to show Ph,?opMga lJIujtu (ocoon (alTow).



WESTERN HEMLOCK
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Western Hemlock, TSlIga heleroph\'lIa
A western hemlock seed chalcid, Megastigmus fSlIgae var. heteroph)"'ae
Milliron
Host: Western hemlock (Figures 39, 40).
Damage: The Ian'" feeds in and dcstro)'s (he seed of hemlock. h is nOI

generall)' plemiful so is probabl)' nOl an important f"clOr inlhe production
of seed.
Life History: Similar {O other seed chalcids infesting seeds of lrc..-es.

Reference: Keen 1958.

f."ig.40. Cones of "·e'.ern hellllocl.
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Prevention and Control of 
Cone and Seed Insects 

Preventive measures against damage by cone and seed insects are possible 
and practical in Iimited areas such as seed orchards and seed production 
areas. I t  is not practical to consider control of cone insects in more extensive 
natural stands even though there is need for seed from these areas. 

Prevention 
Most of the major seed-destroying insects lay their eggs in spring when 

flowers of the host are being pollinated. Trees that flower earlier or later 
than normal are less susceptible to attack. The technique of delaying the 
flowering time of trees in seed orchards by spraying with cold water to 
escape pollen from wild sources will also aid in evading attack by insects. 

When possible, orchards should be established remote from, rather than 
adjacent to natural stands of the same species. In this way, they are less likely 
to be infested by insects that occur in natural stands. 

Removal of all mature cones from orchard areas each year will ensure that 
most harmful insects are removed, and thus reduce the likelihood of severe 
attack the following year. 

Chemical Control 
Seed losses to insects in seed orchards or seed production areas can be 

reduced with systemic insecticides if preventive measures do not prove 
satisfactory. The procedure has been outlined in some detail by Johnson and 
Hedlin (1967) for Douglas-fir and by Hedlin (1973) for white spruce. The 
following points are basic to the success of a control program: 
1. Examine conelets at time of, or immediately after pollination to deter- 

mine the insect egg density, and whether chemical control is necessary. 
2. Spraying should be done after insect oviposition and before eggs have 

hatched. This is soon after pollination is completed and cone scales have 
closed, about mid-May for Douglas-fir, and late June to earlyjuly for 
spruce. Sprays applied too early will damage the flowers, and if applied 
too late, will not be effective. 

3, For optimum results, sprays should be applied with a hydraulic-type 
sprayer to thoroughly wet cones and foliage throughout the cone- 
bearing portion of the tree. An insecticide concentration of 0.5% to 
0.75% active ingredient of dimethoate by weight in water has proved 
adequate when properly applied. Heavier concentrations should be 
avoided as they may cause damage to cones and foliage. All protective 
precautions to operators must be exercised. 
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4. 

5. 

Before carrying out a control program, it is necessary to obtain permis- 
sion from the Provincial authorities controlling use of pesticides. 
It is advisable to contact someone familiar with the problem before 
carrying out a control program unless thoroughly acquainted with all 
aspects. In British Columbia, contact the Pacific Forest Research Centre 
in Victoria. 

Treatment of Infested Seed 
Larvae of the Douglas-fir seed chalcid, Megastipus spmtrophus ,  can be 

killed by subjecting seed to a temperature of 45OC for 40 hours. I f  seed is 
more than 1 year old similar results can be obtained by treating at the same 
temperature for a shorter period (about 35 hours). The treatment has no 
harmful effect on germination of normal seed or seedling growth if seed is 
dry before treatment. The moisture content prior to treatment must not be 
more than 10% of dry weight. 

P 
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