Damage to a Young Pine Caused by the Shoot Moth
Keiji KanamiTsu*

1. Introduction

In pine woods in the Tokyo University Forest in Aichi Prefecture, there live two
species of pine shoot moths. They are; Ewvetria cristata WALSINGHAM and Rhyacionia
duplana simulata HeiNnricH.  The third species, Dioryctria splendidella HERRICH-
SCHAFFER, which belongs to the family of Pyralidae, lives also on a pine shoot.
Larval feeding of these three species usually brings either complete or partial death of
a pine shoot. The term “shoot” is used here to indicate the current year’s elongation
of the bud. Population densities of R. duplana simulata and D. splendidella are,
however, relatively low and the majority of shoot injury is attributable to E. cristata in
Aichi Prefecture. TFig. 1 indicates the feeding periods of the three species of insects
and the resulting death of pine shoots. -
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Fig. 1. The feeding periods of insects and the
resulting death of pine shoots expressed in
percentages, Seto, 1962.

a tree, 2) Deformation of a tree and
3) Losses in the annual growth. This
paper deals with results of a field : :
observation where heavy shoot moth infestation has occurred and also of a field experi-
ment in which the degree of infestation has been replaced artificially by cutting some
numbers of shoots on a given tree. ‘

2. Degree of infestation occurring in the field

Field observation in Aichi Prefecture was made in some artificial plantaﬁons of
Pinus thunbergii ParL. of 7-15 years in age. The average height growth of the tree
was relatively poor in the studied areas. Table 1 gives a summary of the intensities
of pine shoot moth infestation observed in the field. The survey was made in 7 plots
in Seto and 4 plots in Inuyama in the years from 1957 to 1961. In Plot C in this table,
5.1% of the total number of shoots or 8.0% of the total length of the shoots were

* The Tokyo University Forest in Aichi, Seto-shi, Aichi-ken.
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Table 1. Various intensities of shoot moth infestation observed in Aichi Prefecture, 1957-1961.
Q,
Plot No. of trees %:ie(;ftrzt;g?its 7% e%£rzl;g?1ts wh/%sgflzgiﬁfxg Degree_of
examined in number in length sléoots were infestation
estroyed
A* 40 13.1 — 80 very severe
B* 34 8.6 — 56 severe
C* 30 5.1 8.0 33 severe
D* 20 4.6 — — moderate
E* 30 3.1 5.0 23 moderate
F 76 2.4 ° — 21 moderate
G* 30 2.0 2.9 23 moderate
H* 32 1.4 — 13 moderate
1 20 0.5 — — light
J 30 0.3 0.4 3 light
K 30 0.1 0.2 3 light

* are in Seto and the rest are in Inuyama.

destroyed by the insect, and 33% of the trees were damaged on their leading shoots.
The shoots in the upper part of a tree were always more often attacked by the insect
than in the middle or the lower part (Kanamirsu, 1965). The percentage of trees
whose leading shoots were killed was therefore remarkably great in comparison with
the percentage of shoot injury. Thus, more than 50% of the trees were damaged on

their leading shoots when the infestation was as severe as about 8% of the total shoots.

3. Tree mortality

It has never been reported in Japan that trees were Kkilled by the direct effects of
shoot moth infestation. The insect population does not usually increase so many as to
infest on all the shoots of a host tree. The severest infestation of the shoot moth
recorded in Seto has destroyed 15% of the shoots.

262 of the shoots were destroyed on 6 years old trees (Bunyu, 1965).

In Kagoshima, it was reported that
Even in the
latter example, three shoots out of four in the average did escape from being killed.
The trees did not die of this severest infestation.

4. Deformation of the tree

Shoot injury occurred in more proportion at the upper part of a tree, and the leading
shoot was most often being attacked. This injury on the leading shoot was generally
the source for the deformation of a host tree. When the leading shoot was completely
killed, one or some neighbouring shoots usually grew to be the main shoot. When
injury was not complete, the leading shoot produced some adventitious buds.

At the end of 1960 an examination was made on 100 trees in Plot C in Seto. The
past injury on the stem by the insect was identified in a similar manner as described
by HEKKENEN (1960). The trees in this plot was 10 years old, and the average

height was 156cm=+28cm (S.D.), The intensity of shoot moth infestation was such that
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10-50% of the trees had been injured on their leading shoots every year. The following
is to show how often various deformations of trees resulted in this plot.

Trees with more or less crooked stems............ 56
Trees with 2-3 forked stems ...................... 7
Trees with the top crowns being bushy ........... 7
Trees of greatly retarded growth .................. 16
Trees of normal growth ........................... 14

Total ..o 100

The separation of trees into five categories in this example was done by the inves-
tigator’s personal judgement, since there were some difficulties in drawing a clearly
distinguishable line between the categories. It is now concluded that for the ten years
after the plantation, nearly 70% of the trees were more or less deformed through the
injury caused by the shoot moth.

5. Losses in the annual growth

It is perhaps most difficult to evaluate the losses in annual growth ot a tree caused
by the shoot moth attack. Diametric growth on the stem is put out of consideration
here, as it looks to have little importance on the culture of such young pines as in the
present study. Height growth, on the other hand, is the major concern for the most
foresters when the tree is very young. It seems probable that loss in height growth
will not usually occur unless the leading shoot or the shoots on the top crown are
destroyed, since the death of some proportion of the lateral shoots on the middle or
lower crown does not seriously affect a naturally growing tree.

In the same plot referred to in the previous chapter, the internodal length of
a stem, which corresponded to the annual height growth of the tree, was measured
when and after the trees were injured on their leading shoots. The comparison was
then made each year in terms of these internodal distances on injured and uninjured
trees. The percentage of injured trees which showed decrease in annual height growth
was revealed to be 69% in the year of insect attack, 489 in the next year and 10% in
the second year respectively. It is indicated here that about 302 of the injured trees
did not suffer any reduction in the point of their height growth even in the year of
injury. This explains a possibility that the tree might not lose its height growth when
a neighbouring lateral shoot which had escaped from the shoot moth attack replaced the
destroyed leading shoot, or in another case, one adventitious bud on the injured leading
shoot grew well to make up for the height loss. In the next year after the injury,
either the adventitious bud or the lateral shoot grew to be the main stem, and the
height growth of about one half of the damaged trees became as good as on the
undamaged trees. In the second year the height growth on the majority of the damaged
trees showed almost no difference from that on the undamaged trees. Thus, it seems
safe to conclude that the most trees recovered their height growth in the second year
after the injury on their leading shoots. ‘
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In this study plot there were no
trees which had been completely
immune from the insect attack for
the past ten years. This made it
considerably difficult to estimate the
loss. A compromising method was
then taken and the trees that were

Mean Height

most often damaged by the insect
were compared with the trees that
were least damaged. Fig. 2 indicates
about 20% loss in height between the

. | 1 1 1 ] H | H 1 —t
trees that were destroyed on their 1950 " 1960
leading shoots more than three times Fig, 2. The mean height of the trees that were
and those that were destroyed not frequently (dotted line) and seldom (solid line)

damaged on their leading shoots in ten years

more than once in this ten years’
years after plantation, Seto, 1950-1960.

period.

6. A field experiment

The field experiment was designed to help interpretation on the consequence of
a tree after it was injured on its shoots. Here, the destruction of shoots by the shoot
moth was replaced by the artificial deprival of shoots through a pair of scissors. This
experiment was done in Tanashi Experiment Forest in Tokyo, the tree was a three
years old Pinus densiflora SIEB. et Zucc.

a) Methods
Upper : 8-3 The studied plot was 36Xx20 square
\ / meters, and young pine trees were planted

IMiddle :29.5 in every one meter. Fig. 3 is a diagram to
show the average number of shoots in three

crown classes of the tree. From the south-

west corner of the plot, the eight different

Lower: 52-8 sorts of treatments, shown in Table 2, were
excuted one by one for the all trees. In
order to provide the material for the experi-

Total : 90-6

ment to be uniform, it was needed to

exclude the trees that had already been

Fig. 3. A diagram of a 3 years old Pinus
densiflora with the average number of
shoots in three crown classes.

more or less deformed and the trees of
relatively poor growth. Deprival of shoots
by scissors was undertaken on the 20th
June, 1961, and the subsequent changes on the trees were measured in November in 1962
and 1963. The treatments A and B, where only the leading shoot was cut, were especially
aimed to explain the field occurrence of injury on the leading shoot by the shoot moth.
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Table 2. Intensities in the artificial deprival of shoots on a three years old
Pinus densiflora, Tanashi, Tokyo, June, 1961.

. No. of trees No. of shoots 2, of shoots
Deprival of shoots treated deprived deprived
A: One half of the leading shoot 53 0.5 e
B: The leading shoot 54 1 —
C: The all shoots on the upper third of the 54 8 9
crown
D: The all shoots on the lower third of the 53 53 58
crown
E: The all shoots on the upper and middle
third of the crown 30 38 42
F: The all shoots on the middle and lower
third of the crown . 93 82 a
G: The all shoots of a tree 53 91 100
H: No treatment 139 0 0
Table 3. The outcome of artificial shoot deprival which was undertaken in June, 1961.
7 . 9, of trees with . Annual height
Treatment 925 of trees killed a%n ormal forms Tree height growth
1962 1963 1962 1963 1962 1963 1962 1963
% % % % cm cm cm cm
A 4 6 48 44 121%* 173* 46%* 49
B 0 4 100 67 132% 181* 53 45
Cc 8 9 85 66 115% 163* 47% 46
D 0 2 4 4 136 188 51% 49
E 10 17 90 67 103* 154* 42% 44
F 6 10 19 15 125% 167* 38+ 38+
G 30 42 70 47 74% 111%* 23* 34*
H 3 5 2 3 144 195 56 48

# indicates that a statistically significant difference (Pr.<0.05) was calculated in comparison
with untreated trees.

b) Results

Table 3 shows the outcome of various treatments. In this table it is noted that
many trees, after they lost the leading shoot or the shoots on the upper crown, were
deformed but the resulted abnormal form was returning to be normal on the later year.
It is also shown that the height growth of the trees, after they lost shoots on the top
crown, recovered in the second year after the treatment, though the height of these
trees was still lower than that of the untreated trees.

In the treatment A, where one half of the leading shoot was only deprived, all the
trees produced some adventitious buds by the end of the year of treatment, and on
about 50% of the trees one of these adventitious bud grew much longer than the others,
and the tree shape was somehow kept as being normal. In the treatment B, where
the whole of the leading shoot was cut off, some neighbouring shoots in the upper
crown competed for dominance. Consequently all the trees were topped with crooked
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branches. However, in the second year after the treatment one of these crooked
branches became straight on some proportion of trees, and the deformation of the tree
shape disappeared. In this treatment, the annual height growth of the uppermost shoot
did not show much difference from that of the untreated trees. In the treatment D,
where the all shoots in the lowest third of the crown were dislodged, the trees were
not so greatly affected as in other treatments. The height growth of the leading shoot
showed a little decrease in the next year after the treatment. In the second year, both
the height and height growth of the trees were as good as of the untreated trees.

In the treatments C, E, F and G, where extremely severe deprival of shoots was
undertaken in various parts of the crown, almost all trees were either killed or deformed
and also resulted in a great decrease of their height from the ground. Nevertheless, it
is noteworthy that in the treatments C and E the length of the uppermost shoot was
measured almost as long as of untreated trees in the second year after the treatment.
Thus, the trees seemed to have recovered the annual height growth in the second year.
Arguments are perhaps of little practical use in the treatments F and G where the
trees lost more than 90% of their shoots.

7. Discussions

Both field observation and experiment have shown that the tree, when it was injured
on its leading shoot, was able to recover normal height growth by the second year after
the injury. However, this does not indicate that the injured tree overtook its height
loss and reached as tall as the uninjured tree. The loss in height was compensated in
the year of injury by the elongation of an adventitious bud from the injured shoot or by
a neighbouring shoot which later developed to be the uppermost main shoot. But this
compensation was not always enough and the height of an injured tree was consequently
kept lower than the uninjured tree by that difference. This is perhaps what is happen-
ing in the field. Whenever the leading shoot is destroyed by the insect, the tree will
become lower and lower, even though the later growth would be the same on both the
injured and uninjured tree.

The field experiment has shown that there were some trees, though very small in
proportion, which were considered to have been killed by the direct effect of the deprival
of the all shoots on the top crown (Treatment C). This may indicate a possibility that
the shoot moth might be able to kill a host tree when it is very young, though no field
observation has yet properly confirmed this.

Deformation in the tree shape caused by the death of the leading shoot is perhaps
the most characteristic feature on the damage by the pine shoot moth. When the
leading shoot was partially or completely destroyed, about 50% of the trees were made
ill-formed even in the second year after the injury. It seems probable, however, that
in many cases mild deformation returns gradually to be normal shape in the course of
years. Very severe crookedness or a 2-3 forked stem will never come back.

Time factor at the death of pine shoots seems important, as the recovery or the
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reaction of the injured tree is different according to whether the injury occurs in June
or in August. Young Pinus thunbergii in Aichi Prefecture was always able to produce
some adventitious buds by the end of the growing season, if the whole of the shoot was
not destroyed, but the later development of these adventitious buds was observed quite
different when the shoot was injured in different months. Also, when the leading shoot
was completely killed, the recovery of the tree shape by some other shoot was generally
better when the shoot was killed in the early period of the season such as in May or
June. When the main shoot was destroyed at the time of elongation in May, one of
the neighbouring shoots grew more often straightly upward than in later months.

It has been emphasized by many authors (GRAHAM and BAUMHOFFER, 1930, HEIK-
KENEN and MILLER, 1960, YATES, 1960) that the recovery of a pine tree from the shoot
moth damage depended on the vigor of the tree itself. It seems evident that the tree
attaining better growth rate is not so seriously affected by the insect, since the tree
will recover more quickly than the poorly growing tree. In the present observation the
trees growing vigorously were, when injured on their leading shoots, able to resume
normal height growth in the next year, while on the other less vigorously growing trees
the height growth became normal in the second year. Thus, the ability of damaged
tree to make a good recovery might reflect physiological differences of an individual tree.

Summary

A field observation was made in Seto, Aichi Prefecture, where heavy shoot moth
infestation had occurred. An experiment, in which the degree of shoot moth infestation
was replaced by the artificial deprival of pine shoots on young trees, was undertaken
in Tanashi, Tokyo. The death of a tree was not observed in natural condition, but
the field expriment on three years old seedlings indicated a small possibility for it. In
a heavily infested plot in Seto, where 10-50% of the trees were injured annually on
their leading shoots for the past ten years after plantation, it was observed that nearly
70% of the trees were more or less deformed. The loss in height growth was estimated
to be at least 20% in ten years in the same plot. Both the field observation and the
experiment showed that the tree recovered its normal height growth by the second
year after the injury on the leading shoot.
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