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INSECTICIDES ON THE POPULATION DENSITY OF
THE PINE BARK BUG, ARADUS CINNAMOMEUS
(HETEROPTERA, ARADIDAE)
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Seloste

TYPPILANNOITUKSEN JA ERAIDEN HYONTEISMYRKKYJEN VAIKUTUS PUNALATIKAN
ESIINTYMISRUNSAUTEEN

Saapunut toimitukselle 21. 11. 1983

The effect of nitrogen fertilization and two insecticides on the occurrence of the pine bark bug, Aradus cinnamomeus
Panzer, was investigated in a young Scots pine stand (Pinus sylvestris L.) in southern Finland. Three years after the
treatment the bug density was lowest in the trees treated with lindane or dimethoate. However, in spite of the
increasing height growth of the trees, they dit not grow significantly faster than the control trees. Nitrogen fertilization
increased both the bug density and the height growth of the trees.

1. INTRODUCTION

Yellowish, short needles and decreased
height growth of the trees are the typical
symptoms of damage caused by the pine bark
bug, Aradus cinnamomeus Panzer. This is es-
pecially true in open, even-aged pure stands
on sandy soils, where the bug density is usu-
ally high. The bugs live in the bark crevices
along the trunk and suck sap from the tree
with their long stylets. In the worst cases the
pines may die, but usually the bugs leave the
affected host trees before they are too severely
damaged and move to the neighbouring trees.

The condition of the trees can be improved
by fertilization. Nitrogen fertilization affects
the growth of the tree by increasing the
needle mass (Gustavsen and Lipas 1975).
The rate of photosynthesis per needle in-
creases because the number and volume of
the needles increases (Fagerstrom and Lohm
1977).

Nitrogen fertilization has been observed to
increase the resistance of trees against some
Scolytids. On the basis of these observations,
fertilization has been proposed as a protec-
tion method (Merker 1967, 1969). Young

Scots pine stands have been fertilized in
south-eastern Finland with the aim of con-
trolling the pine bark bug without any precise
knowledge about the effect of the fertilization
on the bug population.

The damage caused by Aradus cinnamomeus
is visible in the crown of the tree in particular.
Since fertilization is known to affect this part
of the tree (Saramiki and Silander 1982),
fertilization can be considered as one easy
solution to improving the growth of the tree.
In general, rather little is known about the
effect of fertilization on pest populations, al-
though interaction between forest fertilization
and pests have been investigated by several
authors (Buttner 1961, Stark 1965, Hoffmann
1966, Merker 1967, 1969, Loyttyniemi and
Hiltunen 1976a, 1976b, Loyttyniemi 1978).

The aim of the present study was to investi-
gate the effect of nitrogen fertilization on
young pines heavily infested by Aradus cin-
namomeus and the effect of fertilization and
some insecticides on the population density of
the bug. Attention was also paid to the height
growth of pines after insecticide treatment.
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2. STUDY AREA, MATERIAL AND METHODS

The study was carried out in a 20-year-old
Scots pine (Pinus sylvestris L.) stand growing
on a site of the Calluna type in southern
Finland (59° 50’ N, 23° 13" E). The stand was
restocked by natural regeneration in the early
1960s. Most of the trees were suffering from
Aradus infestation, showed poor growth and
had yellowish, short needles.

The trees to be included in the study were
selected from along five lines laid out at a
distance of 10 paces from each other. 50
sample trees were taken along each line at
intervals of 10 paces. The sample trees were
treated in May 1980 as follows:

Line no. 1. Nitrogen fertilization with ammonium ni-
trate with lime, containing 27,5 % nitrogen.
The fertilizer was spread over a circular
area around the tree, the radius of the
treated area being equivalent to the height
of the tree. Before spreading, the amount of
fertilizer to be applied was weighed out
separately for every tree. The fertilizer
doses were equal to 150 kg nitrogen/ha, this
being the amount used in practical forest
fertilization (Viro 1972).

Line no. 2. NPK fertilization (Puutarhan Y-lannos 2),
containing 6 % nitrogen, 7 % phosphorus,
and 17,4 % potassium. The treatment was
carried out in the same way as on line no. 1,
the fertilizer dose being equal to 150 kg
nitrogen/ha.

Line no. 3. Treatment with Silvanol”, containing 200
g lindane per litre. A 2 % aqueous solution
of the insecticide, as recommended in the
directions for use, was spread with a hand
sprayer over the lower part of the trunk up
to the mid point of the trunk. According to
previous studies the bugs feed on this part
of the trunk (Heliévaara 1982a).

Line no. 4. Treatment with ”Roxion”, containing 400 g
dimethoate per litre. A 2 % aqueous solu-
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tion was applied in the same way as on the
line no. 3. The trees were retreated after one
month.

Line no. 5. Untreated trees (control).

The effect of the different treatments was
assessed in June, 1983. Only the first 30 trees
along each line were included in the study
because several of the trees had died or been
destroyed by moose during the last three
years. A quantitative method presented by
Heliovaara (1982a) was used to estimate the
population density of the bugs. The height
growth of the trees during the last five years
was measured. The distribution of the sample
trees into different height classes in 1983 is
presented in Fig. 1.
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Fig. 1. Frequency distribution of the sample trees into
height classes in the sampling year, 1983.

Kuva 1. Néytepuiden jakautuminen pituusluokkiin naytteenot-
tovuonna 1983.

3. RESULTS

3.1. Height growth of the sample trees

The annual height growth of the sample
trees had increased in all five groups during
the last five years (Fig. 2). The growth of the
fertilized trees was the highest (Table 1). The
differences between the groups (total height
growth in 1981 and 1982) are statistically
significant (F = 2.62, P < 0.05, df; = 4, df, =
145) after the treatment, but not (F = 0.93)
before treatment. The increasing height
growth in each group is mainly due to the
aging of the stand — which results in a natural
decrease of the bug population — and perhaps
the exceptional amount of precipitation in

1981 (Kuukausikatsaus Suomen ilmastoon
1981).

3.2. Density of the bug population

The number of bugs was counted only once
(in 1983), because the trees must be debarked
when samples are taken. The lowest density
was found in the trees treated with insecti-
cides, as expected, while the densities in the
fertilized trees were higher than those in the
control trees (Table 1). The differences in the
bug densities between the groups were statis-
tically highly significant (F = 21.03, P <
0.001, df, = 4, df; = 145).

Table 1. The total height growth of the sample trees in 19811982 and the densities of the bug population in 1983 in

the different treatments. For the treatments see Fig. 2.

Taulukko 1. Koepuiden pituuskasvu vuosina 1981—1982 ja latikoiden esiintymistiheys vuonna 1983 eri kasittelyissa. Lisaselitykset

kasittelyista kuvassa 2.

Treatment No. of trees Total height growth in 1981—1982, cm Density of the bug population, No./dm?
Kasittely Puita kpl Puiden pituuskasvu vv. 1981-1982, cm Latikoiden esiintymistiheys, kpl/dm?
& SD F % SD FY
1 30 49.6 18.7 5.50* 15.1 7.9 4.98*
2 30 48.5 23.4 3.37 17.8 13.2 5.10%
3 30 374 18.5 0.10 5.0 4.2 23.37%**
4 30 39.7 19.8 0.03 7.3 1.2 9.31>=
5 30 38.6 17.0 11.5 7.0
! Statistical analyses with log (x+1) transformed values
*** = P<0.001
** =P<0.0l
*=P<0.05
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Fig. 2. The annual height growth of the sample trees in 1978—1982. Treatments: 1 = nitrogen
fertilization, 2 = NPK fertilization, 3 = lindane treatment, 4 = dimethoate treatment, 5 =

untreated.

Kuva 2. Niytepuiden vuotuinen pituuskasvu vuosina 1978—1982. Kasittelyt: 1 = typpilannoitus, 2 = NPK
lannoitus, 3 = lindaanikdsittely, 4 = dimetoaattikisittely, 5 = ei kasittelyd.

4. DISCUSSION

4.1. Fertilization

Fertilizers may change the physiological
state of the host tree as well as the nutrition of
insects. The impact of these changes has been
discussed by several authors (Biittner 1961,
Merker 1967). Forest fertilization has been
found to affect the occurrence and harmful-
ness of many insects (Oldiges 1960,
Schwenke 1960, Stark 1965). On the other
hand, Loyttyniemi (1978) reported that ni-
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trogen fertilization with the standard dosage
has little effect on pine shoot beetles (7Tomicus
spp., Scolytidae) and causes no essential
changes in the level of damage.

Aradus cinnamomeus can be regarded as a
phytophagous primary pest which infests
healthy young pines while avoiding poorly
growing or sick trees in the stand (Razumova
1960, Voroncov 1962, Hoberlandt 1972). It

has been concluded that fertilization usually
increases the number of sucking insects, but
decreases the number of insects feeding on
needles or phloem (Schwenke 1960, 1961,
1962). The rate of mortality of the larvae
feeding on needles has been observed to de-
pend on the sugar content in the needles. On
the other hand, it is probably easier for suck-
ing insects to take up sap from host trees
which have a high turgor pressure owing to
fertilization (Schwenke 1962). Saikku (1973)
observed that nitrogen fertilization decreased
the amount of bark in large pines. In theory,
this could make it easier for the bugs to
penetrate the bark with their stylets.

On the other hand, fertilization can in-
crease the amount of resin and change its
chemical composition (Oldiges 1960, Valenta
et al. 1980). Hiltunen et al. (1975) suggested
that the total oil concentration and the level
of some terpenes in Scots pine could be af-
fected by nitrogen fertilization. The distribu-
tion of the bugs along the trunk has been
observed to depend on the chemical charac-
teristics of the bark, but the distribution with-
in a stand has not been found to be correlated
with the oil concentration of the trees (Smel-
janez 1973).

It has also been suggested that the mortal-
ity of the bugs could be increased by promot-
ing the growth of the ground vegetation
through fertilization (Heliovaara 1982b).
This may raise the humidity of the air around
the trees and increase the winter mortality of
the bugs (see Brammanis 1975).

The results obtained in the present investi-
gation do not agree very well with the results
of previous studies concerning the effect of
fertilization on the population of Aradus cin-
namomeus. Valenta et al. (1980) reported that
fertilizers increase the secretion of resin and
change the level of carbohydrates, thus re-
sulting in the death of the bugs. However,
according to Smeljanez (1969) the quality,
not the quantity, is important in the natural
defense mechanism of trees against the pests.
Brammanis (1975) found a strong decrease in
the number of bugs in a fertilized forest, and
recommended forest fertilization for the con-
trol of the pine bark bug in heavily infested
areas.

4.2. Insecticides

Several chemicals have been used with
variable results in the control of Aradus cin-
namomeus, particularly in the USSR (Tropin
1949, 1968, Mactet and Pasov 1955,
Obozov 1964). The pine bark bug seems to be
a tenacious species. The results obtained with
many different chemicals have not been en-
couraging, partly because the bugs return to
the treated trees after a couple of years. Sys-
temic insecticides have recently been used
(Treskin et al. 1960, Andreeva 1964, 1966,
Brammanis 1975) with better results.

The timing of the insecticide application is
important. The larvae from the first to fourth
instars are more susceptible to insecticides
than the adult insects (Voroncov 1962, Val-
enta et al. 1980). Owing to the two-year life
cycle of the bug and the alternate-year popu-
lation (Terho and Heliévaara 1981), the best
results can be obtained when insecticides are
applied every second year. In the present
investigation the chemicals were applied dur-
ing the mating time of the bugs and only eggs,
but no larvae, were present. The bug popula-
tion was estimated three years later when
most of the bugs were in the larval stage.
These larvae were the offspring of the adults
which developed from the treated eggs. It is
likely that chemicals were not spread at the
best possible time even though the treatment
with ”Roxion” was renewed when the larvae
had already hatched. However, the lowest
population density of the bugs was observed
in- the trees treated with insecticides. The
height growth of these trees was not, how-
ever, greater than that of the untreated trees.
Voroncov (1956) and Razumova (1960) have
shown that removing the bugs with tanglefoot
hoop traps increases the height growth of the
pines after one year.

It may be that the insecticides did not
penetrate all the crevices in the bark (hiding
places of the bugs) in spite of careful and
individual spraying of the trees. Moreover,
the migration of the bugs between trees, fly-
ing macropters or walking brachypters,
rapidly levels off the population after the
decomposition of the insecticides.
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5. CONCLUSIONS

The insecticides used in the present study
decreased the density of the pine bark bug
population, but the recovery of the height
growth of the treated trees was not clearly
noticeable compared with the control trees.
Nitrogen fertilization increased both the bug
population and the height growth of the

pines. Thus the value of nitrogen fertilization
as a protection method against Aradus cin-
namomeus remains obscure. If fertilization
really benefits the bugs, repeated fertilization
is needed to maintain the tolerance of the
pines.

REFERENCES

ANDREEVA, G. 1. 1964. Iopytanie sistemiyh jadov
protiv podkornogo sosnovogo klopa. [Systemic
insecticides tested against the pine bark bug].
Lesnoe Hozjajstvo 9: 63.

— 1966. Sistemiye insekticidy protiv podkoriogo sos-
novogo klopa. [Control of the pine bark bug with
systemic insecticides]. Lesnoe Hozjajstvo 12: 38—
41.

BRAMMANIS, L. 1975. Die Kiefernrindenwanze,
Aradus cinnamomeus Panz. (Hemiptera-Heteropt-
era). Ein Beitrag zur Kenntnis der Lebensweise
und der forstlichen Bedeutung. Stud. For. Sueci-
ca 123: 1-81.

BUTTNER, H. 1961. Der Einfluss von Diingestoffen auf
Mortalitit und Entwicklung forstlichen Schadin-
sekten iiber deren Wirtspflanzen. Schriftenreihe
der Landesforstverwaltung Baden-Wiirttenberg
11: 1-69.

FAGERSTROM, T. & LOHM, V. 1977. Growth in
Scots pine (Pinus silvestris L.). Mechanism of re-
sponse to nitrogen. Oecologia (Berl.) 26: 305-
315.

GUSTAVSEN, H. G. & LIPAS, E. 1975. Lannoituksella
saatavan kasvunlisdyksen riippuvuus annetusta
typpimairastd. Summary: Effect of nitrogen dos-
age on fertilizer response. Folia For. 246: 1-20.

HELIOVAARA, K. 1982a. The pine bark bug, Aradus
cinnamomeus (Heteroptera, Aradidae) and the
height growth rate of young Scots pines. Silva
Fenn. 16: 357-361.

— 1982b. Overwintering sites of the pine bark-bug,
Aradus  cinnamomeus (Heteroptera, Aradidae).
Ann. Ent. Fenn. 48: 105-108.

HILTUNEN, R., v. SCHANZ, M. & LOYTTYNIEMI,
K. 1975. The effect of nitrogen fertilization on the
composition and the quaatity of volatile oil in
Scots pine (Pinus silvestris L. ). Commun. Inst.
For. Fenn. 85(1): 1-14.

HOBERLANDT, L. 1972. Aradidae. In: Schwenke, W.,
Die Forstschidlinge Europas. 1. Band., 464 pp.
Hamburg und Berlin.

HOFFMANN, F. 1966. Diingung und Schadlingsbefall
in der Forstwirtschaft. Wiss. Z. Techn. Univ.
Dresden 15: 643-648.

Kuukausikatsaus Suomen ilmastoon 1981. Ilmatieteen
laitos 75: 1-12.

356

LOYTTYNIEMI, K. 1978. Metsinlannoituksen vai-
kutuksesta ytimennavertdjiin (Tomicus spp., Col.,
Scolytidae). Summary: Effect of forest fertiliza-
tion on pine shoot beetles (Tomicus spp., Col.,
Scolytidae). Folia For. 348: 1-19.

LOYTTYNIEMI, K. & HILTUNEN, R. 1976a. Effect
of nitrogen fertilization and volatile oil content of
pine logs on the primary orientation of Scolytids.
Commun. Inst. For. Fenn. 88(6): 1-19.

— 1976b. The effect of nitrogen fertilization and
terpene content on the attractiveness of pine trap-
ping bolts to Hylobius abietis L. and Pissodes pini F.
(Col., Curculionidae). Ann. Ent. Fenn. 42: 185~
188.

MACTET, I. G. & PASOV, N. F. 1955. Primenenie
geksahlopana v bor’be s sosnovym podkornym
klopom. [Control of the pine bark bug by hexach-
lor]. Lesnoe Hozjajstvo 9: 53.

MERKER, E. 1967. Die kiinstliche Erh6hung der Pflan-
zenresistenz gegen Borkenkifer. Allg. Forst. —
und Jagdzeitung 138: 13-24.

— 1969. Die Zuverlassigkeit der Bestandsdiingung
gegen Waldschadlinge. Waldhygiene 8: 1-100.

OBOZOV, A. 1964. Vor’ba s vrediteljami lese v celin-
nom krae. [Control of forest pests in new land
area]. Lesnoe Hozjajstvo 5: 44.

OLDIGES, H. 1960. Der Einfluss der Waldbodendiin-
gung auf das Auftreten von Schadinsekten. Z.
Ang. Ent. 59: 49-59.

RAZUMOVA, V. F. 1960. Vlijanie povrezdenij podkor-
nogo sosnovogo klopa (Aradus cinnamomeus Panz.)
na sosny. Summary: Action of the injuries caused
by Aradus cinnamomeus Panz. on the pine trees.
Zool. Zurnal 39: 848-857.

SAIKKU, O. 1973. Lannoituksen vaikutuksesta mén-
nyn kuoren miiriin kangasmaalla. Summary:
The effect of fertilization on the amount of the
bark of Scotch pine in forest land. Folia For.
184: 1-15.

SARAMAKI, J. & SILANDER, P. 1982. Lannoituksen
ja harvennuksen vaikutus minnyn latvukseen.
Metsintutkimuslaitoksen tiedonantoja 52: 1-42.

SCHWENKE, W. 1960. Uber die Wirkung der Wald-
diingung auf die Massenvermehrung der
Kiefernbuschhornblattwespe (Diprion pini L.)
1959 in Mittelfranken und die hieraus ableitba-

ren gradologischen Folgerungen. Z.
16:371-378. s i

— 1961. Walddingung und Schadinsekten. Anz.
Schadl.k. 34: 129-134.

— 1962. Uber die Wirkung der Diingung auf phy-
tophage Milben und Insekten. Mededelingen
Landbouwhogeschool Opzoekingssta. Staat Gent
27: 817-820.

SMELJANEZ, W. P. 1969. Die Rolle der Terpenoide bei
der Widerstandsfahigkeit gegen Schadinsekten.
Anz. Schadl.k. Pfl.schutz 42: 33-37.

— 1973. Uber den Einfluss dtherischen Ole in der
Kiefer, Pinus silvestris, auf die Verteilung der Rin-
denwanze, Aradus cinnamomeus Panz. (Heter.,
Aradidae) am Stamm und im Bestand. Anz.
Schadl.k. Pfl. — und Umweltschutz 46: 152-155.

STARK, R. 1965. Recent trends in forest entomology.
Ann. Rev. Ent. 10: 303-324.

TERHO, E. & HELIOVAARA, K. 1981. The popula-
tion structure of the pine bark-bug, Aradus cin-
namomeus (Heteroptera, Aradidae) in southern
Finland. Ann. Ent. Fenn. 47: 73-76.

TRESKIN, P. P., PROKOPOV, V. M. & PRONIM, 1.

1960. Iz opyta bor’by s podkornym klopom. [Ex-
periences of controlling the pine bark bug]. Les-
noe Hozjajstvo 8: 37.

TROPIN, I. V. 1949. Sosnovym klop i bor’ba s nim.
[The pine bark bug and its control]. 55 pp,
Moscow.

— 1968. HimiCeskaja zailita lesa ot nasekomyh.
[Chemical control of forest insects]. 379 pp,
Moscow.

VALENTA, V. T., ZEGAS, A. K. & KILIKJAVITS-
JUS, G. K. 1980. Sosnovyj podkornyj klop i
sposoby zaS¢ity sosnovyh molodnjakov. [The
pine bark bug and the ways to protect young pine
stands]. 12 pp, Kaunas-Girionis.

VIRO, P. J. 1972. Die Waldbodendiingung auf finnis-
chen Mineralboden. Folia For. 138: 1-19.
VORONCOV, A. 1. 1956. Opyt dlitel’'nogo izuéenija
entomofauny sosnovyh posadok na peskah jugo-
vostoka. [Longtermed study of the entomofauna
in the pine-plantations in the South-East]. Zool.

Zurnal 35: 847-862. .

— 1962. Lesnaja entomologija. [Forest entomology].

347 pp, Moscow.

SELOSTE

TYPPILANNOITUKSEN JA ERAIDEN HYONTEISMYRKKYJEN VAIKUTUS PUNALATIKAN
ESIINTYMISRUNSAUTEEN

Typpilannoituksen ja erdiden hyonteismyrkkyjen vai-
kutusta punalatikkaan, Aradus cinnamomeus Panzer, tut-
kittiin eraassa etelasuomalaisessa mantymetsassa. Kol-
men vuoden kuluttua kisittelyn jéilkeen latikoita esiintyi

vahiten lindaanilla tai dimetoaatilla kasitellyissa puissa,
mutta huolimatta kiihtyvista kasvustaan puut eivat kas-
vaneet kasittelemattomia puita paremmin. Typpilannoi-
tus lisasi seka tuholaisten maaraa ettd puiden kasvua.
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