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Chemical control of cone pests in a Norway

spruce seed orchard
Erkki Annila & Kari Heliovaara

TIIVISTELMA: KUUSEN KAPYTUHOJEN KEMIALLISESTA TORJUNNASTA SIEMENVILJELYKSILLA

Annila, E. & Helidvaara, K. 1991. Chemical control of cone pests in a Norway
spruce seed orchard. Tiivistelmd: Kuusen kipytuhojen kemiallisesta torjunnasta
siemenviljelyksilld. Silva Fennica 25(2): 59-67.

The effect of three pesticides containing either dimethoate (0.5 % a.i.), permethrin
(0.05 %) or triadimephon (0.05 %) on the cone pests and flowering biology of
Norway spruce was tested in a seed orchard in southern Finland. The develop-
ing cones were treated in mid May or in the beginning of June. The pesticide
treatments significantly reduced infestation by Laspeyresia strobilella and
Kaltenbachiella strobi only. Variation in the number of cones infested by both
insects and cone rusts was high between the spruce clones. Generally, the
pesticides did not affect flower viability, seed quality or seed germination, but
reduced drastically the germinating capacity of the pollen in vitro. In practice,
sufficient control cannot be achieved with the concentrations or methods used
in the present study.

Hyonteisten ja kdpyruosteiden aiheuttamien kidpy- ja siementuhojen torjumista
tutkittiin etelasuomalaisella kuusen siemenviljelykselld. Kehittyvid kipyjd kasi-
teltiin dimetoaattia (0,5 %), permetriinid (0,05 %) tai triadimefonia (0,05 %)
tehoaineena sisdltdvilld torjunta-aineilla. Osa kidvyistd kisiteltiin toukokuun
puolivilissd, osa kesdkuun alussa. Vain kdpykadridisen ja kuusenkipysiisken
esiintymisti voitiin merkitsevasti vahentdd kasittelyilld. Sekd hyonteisten ettd
ruostesienien madrissi esiintyi suurta vaihtelua kloonien vililld. Torjunta-aineet
eivit vaikuttaneet olennaisesti kdpyjen mairaan, siemenen laatuun tai siemenen
itivyyteen, mutta vihensividt huomattavasti siitepolyn itdvyyttd laboratorio-
kokeissa. Kdytinnon kannalta kéytetyt torjunta-ainevakevyydet tai kisittelyjen
madri eivit osoittautuneet riittaviksi tuholaisten torjunnassa.
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1 Introduction

Insects and fungal diseases destroy a considera-
ble proportion of the seeds in the cones of Nor-
way spruce (Picea abies (L.) Karsten), espe-
cially when the trees have produced cones also
in the previous year. Insect pests affect seed
yield either by feeding on the seeds or indirectly
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by preventing the cones from opening during
seed extraction. Rust fungi disturb seed devel-
opment by utilizing the assimilation products
allocated for seed production.

The most destructive insect species are Cydia
strobilella (L.), (Lepidoptera, Tortricidae), Di-
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oryctria abietella (Denis & Schiffermiiller)
(Lepidoptera, Pyralidae), and Lasiomma an-
thracinum (Czerny) (Diptera, Anthomyiidae) in
cones, and Plemeliella abietina Seitner (Dip-
tera, Cecidomyiidae) and Megastigmus stro-
bilobius (Ratzeburg) (Hymenoptera, Torymidae)
in seeds. Kaltenbachiella strobi (Winnertz)
(Diptera, Cecidomyiidae) is often abundantly
present in the cones without causing any marked
damage. Two cone rust diseases, Pucciniastrum
areolatum (Fr.) Otth and Chrysomyxa pirolata
Winter infest cone scales resulting in seed loss-
es.

When cones are collected for seed extraction
in forest stands the effect of damaging agents
can often be compensated by collecting a larger
number of cones. In seed orchards, however,
the number of cones is limited and every cone
should be productive. In practice, pest control is
often considered necessary to ensure the quality
of the cone crop in seed orchards.

Several studies dealing with the control of
cone and seed insects with chemicals have been
published since the beginning of the 1960’s
(Merkel 1976). Systemic insecticides (e.g.
dimethoate, oxydemetonmethyl) have proved to
be rather effective (Hedlin 1962, 1964, 1966,
Johnson 1962, 1963, Annila 1973, Summers
and Miller 1986). Contact insecticides, py-
rethroids, have recently also been tested in the

control of cone worms (Dioryctria spp.) and seed
bugs (Heteroptera, Leptoglossus, Tetyra) in seed
orchards in North America (Overgaard 1981,
Nord et al. 1984, 1985, Summers and Ruth
1987). Pyrethroids have two advantages, low
mammalian toxicity and a longer-lasting effect.

While numerous insecticides have been test-
ed to protect the cone crop, only a few attempts
have been made to control cone rusts. Summers
et al. (1986) demonstrated that Chrysomyxa pi-
rolata infestation in the cones of Picea glauca
(Moench) Voss can be markedly reduced by
spraying the cones with ferric dimethyldithio-
carbamate.

The aims of the present study were 1) to test
the efficacy of permethrin (a pyrethroid) for
insect control compared with dimethoate (a
systemic organophosphate), and triadimephon
(a systemic organic fungicide) for fungi control
in a Norway spruce seed orchard, and 2) to
study the possible phytotoxic effects of these
pesticides on pollen, female flowers and seeds.

Our warmest thanks are due to A. Pasanen and J.
Jarvenpéd from the National Board of Forestry for
carrying out the field work, to A. Immonen, E.
Kemppi, M. Nieminen for their help in the laborato-
ry, to S. Lilja for performing the pollen analyses, to L.
Mannerkoski for commenting on the manuscript, and
to J. Derome for checking the English.

2 Material and methods

2.1 Study area and pesticide treatments

The field work was carried out in a Norway
spruce seed orchard (No. 365) located in Joutsa,
southern Finland (61° 40°N, 26° 15’E) in 1989.
The orchard was established in 1970-72, the
height of trees ranging now from four to eight
metres. All trees (grafts) of the same clone have
been planted in a single row.

The material consisted of 300 trees, belonging
to 16 different clones. The five treatments con-
sisted of an untreated control, permethrin (0.05
% a.i.) (Ambush®), dimethoate (0.5 % a.i.)
(Roxion®), triadimephon (0.05 % a.i.) (Bayle-
ton 25%), and a combination of dimethoate (0.5
%) and triadimephon (0.05 %). Three succes-
sive trees belonging to the same clone in each
row were sprayed once with the same pesticide.
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One tree was left untreated in between treat-
ments, and one row of untreated trees was left
between the treated ones. Tree crowns carrying
cones were sprayed with backpack pumps driv-
en by a forest tractor. Each tree was treated with
the pesticide until cones and twigs were fully
saturated.

150 trees were sprayed on May 15-16 during
of the flowering period when the female flowers
were open and erect (temperature sum of 99
degree days). In southern Finland, the tempera-
ture sum for anthesis in Norway spruce is ca.
140 d.d. (Sarvas 1967). Another 150 trees were
sprayed on June 1 (248 d.d.), when the cones
had already turned down. Both sets of treat-
ments were repeated in ten different clones.
Three of the clones were included in both appli-
cations, thus making it possible to compare the
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effect of pesticides sprayed at two different times.
The weather was warm (+20 °C) and slightly
windy during both applications.

2.2 Cone analysis

The first cone samples were collected at the end
of August. All the cones from one branch (at
least 10 cones) on each tree were included in the
sample. The cones were stored in plastic bags at
—18 °C for detailed analyses. After visual ex-
amination for the aecidia of fungal diseases, the
cones were dissected longitudinally and all the
seeds along on both sides of the cut surfaces
were picked out. The seeds were opened under
a stereomicroscope to determine the percentage
of filled and insect-damaged seeds. Both halves
of each cone were inspected scale by scale in
order to detect the number and species of insect
larvae. Altogether 38542 seeds and 2855 cones
were analysed.

The rest of the cones from the treated trees
were collected in late September. The seeds
were extracted from the cones in a commercial
seed extractory for X-raying and germination
tests.

2.3 Flower, seed and pollen viability analy-
ses

The number of withered female flowers was
counted June 14 in order to determine the possi-

ble phytotoxic effects of the chemicals. All the
cones from one branch pointing along the row
were counted in each clone.

Seed quality was initially examined by X-
raying 200 seeds of each clone per each treat-
ment (20000 seeds in total). The seeds were
classified into eight different categories prima-
rily on the basis of embryonic development (see
Table 3). A sample of 1000 seeds was weighed
for each clone per each treatment. Seed germi-
nation was determined using 200 seeds of each
clone per each treatment in standardized germi-
nation conditions at 21 °C. Germination was
checked after 10, 15 and 21 days, and the pro-
portion of germinated seeds calculated.

The tolerance of spruce pollen against the
pesticides was tested in vitro. Pollen sets of three
different origins were distributed on a water-
agar dilution in Petri dishes. The three pesti-
cides were dissolved in agar using the same
final concentration of active ingredients as in
the field trials. The germination capacity of about
600 randomly selected pollen grains was ana-
lysed under a microscope after three days. A
pollen grain was interpreted as having germi-
nated when the length of the germ was longer
than the diameter of the pollen grain.

Traditional parametric (ANOVA) and non-
parametric statistical analyses (Chi square,
Kruskal-Wallis and Wilcoxon matched-pairs
signed-ranks test) were used to test the differ-
ences between different treatments.

3 Results

3.1 Pest control

The first application did not have any marked
effect on the proportion of cones infested by
Dioryctria abietella (X? = 3.92, NS, df = 4, Fig.
1). After the second application, the lowest pro-
portion of infested cones was recorded in the
rows treated with dimethoate or permethrin, the
difference between the treatments being signifi-
cant (X?=11.41, p=0.022, df = 4).

Variation in the proportion of infested cones
between the clones was high. The differences
between the clones were significant in seven
cases out of ten (0.01 < p <0.001).

The proportion of infested cones within a clone
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was smaller after the first application in eight
cases out of 12 (untreated excluded) than after
the second one. In four cases the difference was
statistically significant (0.05 < p < 0.001).
However, the effect of random variation is high
because significant differences were also ob-
served between the untreated cones.

Lasiomma anthracinum occurred in rather low
numbers in the study material. Only 36 cones
(1.3 %) were infested by the species. Neither
the first (X2 = 1.01, NS, df = 4) nor the second
application (X2 = 1.87, NS, df = 4) affected the
abundance of the pest in the cones. Possible
clonal variation was not investigated due to the
limited material.
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Fig. 1. Proportions of cones infested by Pucciniastrum aerolatum (dark), Dioryctria abietella
(white) and Lasiomma anthracinum (grey) in the different treatments. Application time: I =

May 15-16, II = June 1.

Kuva 1. Kuusentuomiruosteen (tumma), kdpykoisan (valkoinen) ja kuusenkdpykdrpdsen (harmaa)
vioittamien kipyjen osuudet eri torjunta-ainekdsittelyissd. Kasittelyajankohta: I = toukokuun

15-16., II = kesdkuun 1.

The number of Laspeyresia strobilella larvae
recorded inside the cones varied from O to 8,
and was highest in the untreated cones (Fig. 2).
The lowest number of larvae was observed in
cones treated with dimethoate. Both insecticides
reduced infestation after the first (H = 65.37, p
<0.001, df = 4) and the second application (H =
51.60, p < 0.001, df = 4). The variation between
the clones was also very high for both applica-
tions (in all H values p < 0.001).

Within the clones, the first treatment reduced
the number of larvae more effectively than the
second one. The difference was statistically sig-
nificant in eight cases out of 12 (untreated ex-
cluded) (0.05 < p <0.001).

The number of Kaltenbachiella strobi larvae in
the cones varied between 0 and 8. As was the
case for Laspeyresia, the lowest numbers were
recorded in the cones treated with dimethoate
and the highest in the untreated cones (Fig. 2).
The variation between the clones was also high;
in all cases except one the difference was statis-
tically significant. No clear trend was revealed
between the timing of treatments within the
clones.

No seed-destroying insects were found in the
seed material. Dissection of the seeds did not
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reveal any larvae of Megastigmus strobilobius
nor of Plemeliella abietina. This observation was
confirmed by X-raying.

The cone rust, Pucciniastrum areolatum, oc-
curred in 9.0 % of the cones in the pooled ma-
terial (Fig. 1). A related cone rust, Chrysomyxa
pirolata, was observed in only one cone. Tri-
adimephon treatment did not affect the abun-
dance of rusts after the first application. The
highest number of infested cones was observed
in trees treated with insecticides, the difference
being statistically significant between all the
treatments (X2 = 10.03, p < 0.040, df = 4). After
the second spraying, the lowest proportion of
infested cones was recorded in the trees treated
with a combination of triadimephon and
dimethoate (X2 = 11.41, p=0.022, df = 4).

3.2 Flower development

Altogether 3.6 % of the female flowers had
withered after the first application and 4.9 %
after the second (Table 1). Differences in flower
viability were small between treatments. None
of the pesticides significantly increased flower
withering compared with the untreated trees.

Erkki Annila & Kari Heliovaara
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Fig. 2. Number of Laspeyresia strobilella (dark) and Kaltenbachiella strobi (white) larvae (mean,
standard deviation) per cone in the different pesticide treatments. Application time: I = May

15-16, II = June 1.

Kuva 2. Kdpykddridisen (tumma) ja kuusenkdpysddsken (valkoinen) toukkien lukumdidrit (kes-
kiarvo, keskihajonta) kdvyissd eri torjunta-ainekdsittelyissd. Kdasittelyajankohta: I = touko-

kuun 15-16., Il = kesdkuun 1.

The proportion of withered flowers varied be-
tween the clones in both applications (May 15—
16: H=26.12, p =0.002, df = 9; June 1: H =
2492, p = 0.002, df = 8, Kruskal-Wallis test).
The effect of the clone on flower viability was
thus greater than that of the pesticide. Those
clones where the proportion of withered flowers
was high in the treated trees were also associat-
ed with high level of flower withering in the
untreated trees. This was true for both the first
(T = 14, NS, n = 7, Wilcoxon test) and the
second applications (T =4, NS, n=7).

3.3 Seed quality

On an average, 48.6 % of the seeds from the
dissected cones were empty, indicating unsuc-
cessful pollination or fertilization. In general,
the pesticides did not have any marked effect on
seed quality as indicated by the percentage of
empty seeds (Table 2). However, the proportion
of empty seeds in both treatments with per-
methrin was significantly lower than that for the
untreated trees.

The proportion of empty seeds varied consid-
erably between the clones. As with flower via-
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Table 1. Percentages of withered female flowers in
the different treatments. Values of the chi-square
test show the difference between the treated and
untreated material. Application time: I = May
15-16, II = June 1.

Taulukko 1. Surkastuneiden emikukkien osuudet eri
torjunta-ainekdsittelyissd. Testisuure kuvaa kdsi-
tellyn ja kdasittelemdttomdn aineiston eroa. Kasit-
telyajankohta: I = toukokuun 15-16., Il = kesd-

kuun 1.
Treatment Application Female flowers X2 P
Kasirtely Ajankohta Emikukkia
no. withered %
kpl  surkastu-
neita, %

Dimethoate I 363 4.1 0.06 0.813
I 287 42 0.02 0.903

Permethrin I 378 1.9 1.64 0.200
II 189 438 0.12 0.726

Triadimephon I 351 48 0.52 0.469
II 179 6.1 0.89 0.344

Dimethoate/ I 302 2.0 1.07 0.300
Triadimephon II 150 6.7 1.19 0.255
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Table 2. Proportion of empty seeds from dissected
cones (endosperm not recorded inside) in the dif-
ferent treatments. Values of chi-square test show
the difference between the treated and untreated
seed material. Application time: I = May 15-16,
II = June 1.

Taulukko 2. Halkaistujen kdpyjen tyhjien siementen
osuus eri torjunta-ainekdasittelyissd. Testisuure
kuvaa kdasitellyn ja kdsittelemdttomdn aineiston
eroa. Kasittelyajankohta: I = toukokuun 15-16.,
II = kesdkuun 1.

Treatment Application No.of Empty X? P
Kasirtely Ajankohta  seeds seeds, %
Siemenid, Tyhjid,
kpl %

Dimethoate I 5975 453 0 0.990
I 3862 524 20.61 <0.001
Permethrin I 4486 39.1 39.13 <0.001
I 2973 509 29.24 <0.001
Triadimephon I 4634 44,6 044 0.507

o 1999 600 229 0.131

Dimethoate/ I 3254 503 21.19 <0.001
Triadimephon 1I 2535 56.6 0.84 0.361

Untreated 1 5665 453
Kasittelemdton 11 3150 57.8

bility, the high proportion of empty seeds was
associated with certain clones (T; =27, NS, n=
10; Ty = 16, NS, n = 8), thus masking the effect
of pesticide treatments.

The differences in the quality of the extracted
seeds between the treatments were also small.
The proportion of seeds with a fully developed
embryo and endosperm (category a, Table 3)

was 5...10 % higher in the first group than in the
second one. The difference was, however, relat-
ed to clonal variation, since the difference be-
tween untreated seeds was similar. Statistical
analysis was not performed between the two
applications because different clones were used
in the treatments. The proportion of seeds with
an endosperm but no embryo (category f) was
higher in the former application than in the lat-
ter (H = 14.72, p = 0.005, df = 4, Table 3).

3.4 Seed germination

The difference in seed weight between the pes-
ticides was not significant in either the first
application (F = 0.54, p = 0.709, df = 4, 45) or
the second one (F = 0.39, p = 0.812, df = 4, 43)
(Table 3). On an average, 68.5 % of the seeds
germinated in the first group, and 60.6 % in the
second one. However, no differences were ob-
served between the pesticides in either case (F;
=0.21,p=0.929,df =4, 45; F;=0.42,p=0.791,
df = 4, 42). The latter application, except for
permethrin, increased seed germination (i.e. de-
creased the proportion of unviable seeds) com-
pared with the untreated seeds (Table 3).

3.5 Tolerance of pollen to pesticides

Approximately one half of the untreated spruce
pollen grains germinated on water-agar in Petri
dishes (Table 4). The pesticides clearly reduced
the germinating capacity of the pollen. No pol-
len grains germinated within three days in dishes
treated with dimethoate or triadimephon. After
7 days, some development but no true germina-
tion of the pollen grains was observed in the
triadimephon-treated dishes.

4 Discussion

The results show that infestation of Laspeyresia
strobinella and Kaltenbachiella strobi only can
be significantly reduced with these treatments.
Dimethoate, a systematic insecticide, appeared
to be more effective than a contact permethrin.
However, the efficacy of dimethoate even was
only moderate.

Control of L. strobilella and K. strobi was
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expected since these species lay their eggs in
the female strobili during the flowering period.
The cone worm, Dioryctria abietella, infests
cones later on when they have already closed
and turned down. The first application probably
no longer had any effect when the cone worm
larvae started to bore into the cones. In the
second application penetration of the insecti-
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Table 3. Proportion of X-rayed seeds in different quality categories and 1000-seed weight (mean, S.D.), and
seed germination in the different pesticide treatments. a) embryo over 50 % of the length of the embryo
cavity, fully developed endosperm, b) embryo over 50 %, scanty endosperm, c¢) embryo 25-50 %, full
endosperm, d) embryo 25-50 %, scanty endosperm, €) embryo less than 25 %, f) no embryo, endosperm
more or less developed, g) insect damage, and h) empty seed. Values of chi-square test show the
difference in seed germination between the treated and untreated seeds. Application time: I = May 15—

16, I1 = June 1.

Taulukko 3. Rontgenkuvauksella analysoitujen siementen Jakaantuminen laatuluokkiin eri torjunta-aine-
kdsittelyissd sekd 1000 siemenen paino (keskiarvo, keskihajonta). a) alkion pituus yli 50 % alkio-ontelon
pituudesta, tdysi siemenvalkuainen, b) alkio yli 50 %, vajaa siemenvalkuainen, c) alkio 35-50 %, tdysi
siemenvalkuainen, d) alkio 25-50 %, vajaa siemenvalkuainen, e) alkio pienempi kuin 25 %, f) ei alkiota,
siemenvalkuainen heikosti kehittynyt, g) hyonteisvioitus, ja h) tyhji siemen. Testisuure kuvaa kdsitellyn
Ja kdsittelemdttomdm aineiston eroa. Kasittelyajankohta: I = toukokuun 15-16., II = kescikuun 1.

Treatment a b c d e
Kasittely

f g h, % Weight,g Germ. % X? P
Paino,g  Itdv. %
X S.D.

Dimethoate I 67.7 0.10 0.20 0.25 0.60
II 625 035 0.10 0.60 0.45

Permethrin I 70.1 025 030 0.40 0.55
II 572 128 006 1.06 0.72

Triadimephon I 61.8 0.90 0.70 0.70 0.70
II 51.0 050 0.00 0.00 0.31

Dimethoate/ I 66.1 0.05 030 0.05 0.65
Triameophon II 54.1 1.05 0.20 0.15 1.10

Untreated I 69.1 0.50 0.15 0.60 0.35
Kasittelematon 11 602 031 0.12 0.06 0.19

305 1.05 25.8 4.15 0.71 68.1 0.51 0.474
0.20 1.35 342 424 091 67.6 56.52 <0.001

1.70 3.60 23.1 4.33 0.67 69.8 0.12 0.731
0.78 1.11 383 4.17 134 57.7 197 0.161

2.15 2.00 31.2 422 052 69.7 0.10 0.757
0.50 1.50 462 3.97 1.17 60.8 53.26 <0.001

395 1.75 272 395 085 65.5 6.06 0.014
0.20 3.35 398 4.13 1.17 60.5 50.30 <0.001

0.65 1.15 274 4.01 0.51 69.7
0.43 081 379 3.86 0.82 55.3

cides, especially permethrin, into the cones, was
evidently low.

Higher concentrations could have given bet-
ter results. On the other hand, earlier studies
(Annila 1973) have shown that good protection
against insect damage in Norway spruce can be
obtained with dimethoate at a concentration of
0.1-0.2 % active ingredient when the cones are
carefully treated with a hand-sprayer. Pyrethroids
such as fenvalerate (from 0.025 t0 0.2 % a.i.),
permethrin (from 0.025 to 0.15 % a.i.), and
esfenvalerate (0.006 % a.i.), have been found to
effectively reduce insect damage (Dioryctria,
Leptoglossus) in Douglas-fir (Overhulser 1981)
and in southern pine species (Nord et al. 1984,
1985, Cameron 1989) in the United States when
the cones were treated several times during the
summer.

Spraying had no marked effect on the occur-
rence of cone rusts. The infestation of Puc-
ciniastrum areolatum was not reduced with tri-
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Table 4. Germinating capacity in three different sets
of spruce pollen grains treated with pesticides in
vitro. Values of chi-square test show the difference
between the treated and untreated pollen grains.

Taulukko 4. Kolmen siitepdlyerdn itivyys eri torjunta-
ainekdsittelyissd vesiagarilla. Testisuure kuvaa
eroa kdsitellyn ja kasittelemdttomdn aineiston

valilla.
Treatment No.of Germinated X2 P
Kasirtely pollen grains %
Siitepoly-  Itavyys,

hiukkasia, kpl %
Dimethoate 600 0 147.08 <0.001
Permethrin 400 213 41.29 <0.001
Triadimephon 600 0 147.08 <0.001
Untreated 727 47.0
Kasittelemdton




adimephon. The fungicide is widely used to
control different species of rust fungi (Worthing
1987). In British Columbia, ferric dimethyl-
dithiocarbamate (ferbem) has been found to be
effective in the control of cone rusts when spruce
cones have been sprayed during the pollination
period (Summers et al. 1986). Cone rusts infest
cones within a short space of time during flow-
ering. Insecticide spraying during the flowering
period may promote rust infestation because
rainy weather has been observed to advance
infestation (Rummukainen 1960).

The chemicals used in the study appeared to
have no clear phytotoxic effects on the female
flowers since no significant differences in cone
abortion were found between the treatments.
Generally, insecticides at low concentrations do
not seem to be especially phytotoxic to young
conifer cones or seeds. Overhulser (1981) and
Overgaard (1981) did not find any negative ef-
fects of fenvalerate (concentrations of 0.05 to
0.2 %) on cones or seeds of Douglas-fir. In-
stead, it would appear that the treatment reduces
ovule abortion, conelet mortality or the per-
centage of empty seeds (Nord et al. 1984, Sum-
mers et al. 1986). In the present study, too, the
lowest proportion of empty seeds was found in
cones treated with permethrin. The proportion

of empty seeds in the dissected cones was con-
siderably higher than that in the extracted cones.
Some of the empty seeds may have been lost
during mechanical seed extraction and the dif-
ference is actually spurious.

Pollen germination seems to be totally inhib-
ited by dimethoate and triadimephon when these
chemicals come into contact with pollen grains.
Permethrin also significantly reduced germina-
tion. Because no increase in the proportion of
empty seeds was observed, it can be concluded
that the chemicals did not reach the pollen
chamber in the ovule. Neither seed weight nor
germination were substantially affected by the
treatments.

It would appear that sufficient control cannot
be achieved in practice with the concentrations
used in the present study. Furthermore, the ap-
plication method, spraying with a backpack
pump from a tractor, was probably not very
successful. Additional tests should be done, es-
pecially with fungicides. Phytotoxicity tests at
higher concentrations should be performed si-
multaneously. Because clones seem to exhibit
high variation with regards to their susceptibili-
ty to pests, as well as to seed quality, different
kinds of tests should be done on the same clones.
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