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Studies on the Stem - hypertrophy (Tokkuri - disease)
of Hinoki (Chamaecyparis obtusa S.et L)

Nobuyoshi IsAaMOTO
Summary

Tokkuri- disease is one of the most damaging tree diseases and its
characteristic is hypertrophic growth on the base of stem. This disease oc-
curs on the base of stem and it causes the deterioration of wood quality. It
1s a serious problem for the people who are engaged in forestry because the
damage is too great to make use of wood. KITAJIMA had the first report
on it in 1926, but the truth has not been made clear yet.

The author tried to a synthetic grasp of the growth, stem form, anatomic
structure, genetics, breeding, habitat and tending of Tokkuri- disease,
and in addition, studied abont the occurrence condition and the prevention

means in this report. The results are summarized as follows:

1. Tokkuri-disease and how to distinguish it

We have to consider in two cases whether the thicking growth of the base
of stem is abnormal.

One is to distinguish between nomal and abnomal in the shape at some
moment and the other is to distinguish in the thickening growth at cach year.

We will call the former “static distinction” and call the latter “dynamic one?
We have the hyphertrophic rate that MIYAJIMA suggested as a way of sta-
tic distinction in 1962. This often used for finding Tokkuri-disease. Tt is
a useful way in which we can regard more than 30% of the hypertrophic rate
as tokkuri-disease. But there is something that doesn’t agree to the actual
conditions if we regard 30% as standard (cf, Fig—1). This is why the aut-
hor suggested the way to distinguish by the hypertrophic ratio. The follow -
ing is the hypertrophic ratio.

hypertrophic rate

rtrophic ratio = e PP (3
hype P standard hypertrophic rate )

In formula(3) shows.
hypertrophic rate (%) :{ (Do.2 — D12 )+ D12 } %100
standard hypertrophic rate (%) = { 41.5240 + ( 1.01732) L2y
where Do.z and Dj2 are basal and breast height diameter (cn) . If the hy -
pertrophic rate shows more than 1.20, it is regarded as Tokkuri- disease.
In making a distinction between nomal and abnomal about the thicking gr-

owth of basic part in each year old, annual hypertrophic index{ ISAMOTO,
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1983 b) was used. If regarded what shows more than 75 of index as the oc-
curence of hypertrophic growth.
Annual hypertrophic index is given by the following formula.
annual hypertrophic index = (ido.z —idi2 ) X idon oo (4)
HASHIZUME and KOBAYASHI (1988) made a further improvement on formula
(4), it was as follows :
annual hypertrophic index ( improved formula)
= ( idmax — idn) x idmax -+ G s ¥
On (4) and (4)! ido., id12, idmax and idn shows the annual diameter

growth (mm) on the part of 0.2, 1.2m max and nomal in i year.

2. The growth form and anatomic structure on trees of Tokkuri -disease

1) The growth, form of 20-year old Hinoki that occurs Tokkuri — dise-
ase.

It was found that hyhertrophic growth began from 6- year old. The breast
height diameter was L5 times as large as that of the normal tree of the
same -year old and 2.3 times in the basal diameter and 36 times in stem
volume. Especially in basal stem volume (less than 0.7m), it showed 117
times as much as that of the nomal one.

533 % of assimilated productions in 20-year old Hinoki that occurs T-
okkuri-disease are allotted to the part of basal stem (less than 0.7m) ,
but the allotment was 17.3 % of them in normal one.

Like this, a great deal of assimilated productions is accumulated on the
basal stem in the tree that occurs Tokkuri-disease (cf. Fig.4 ~6, T-
able. 2).

2) The growth of 31 - year old Hinoki : that had once Tokkuri-disease

A Tree that had once Tokkuri-disease and now is growing nomaly was
examined. This is typical example of growing of Tokkuri- disease. The
stem-analysis shows that this tree began to grow abnomally when it was
7-year old and its abnomal growth reached its peak between 1l and 15 ye-
ars old and since 18 years old it has been growing nomally. The annual hy-
pertrophic index makes clear how much the damage was. (cf. Fig. 7).

3) Anatomy structure of Tokkuri-disease.

112 sheets of tangential preparation were made from three Tokkuri-
disease trees (16, 20 and 31 years old). The section of early wood was
extracted according to the difference of organs (rool, pith, xylem), heig-
ht (0.2, 0.4, 1.2, 3.2 meters) and age (every 3 years). And annual ring
width, tracheid length, the rate of ray, the number of parenchyma cell and
the occurrent rate of multiseriate ray were measured.

The measurement showed that the tracheid length of Tokkuri-disease

trees is shorter than that of normal trees, about 70% length of that of
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normal trees, about 70% length of that of normal ones. It was recognized
that the tracheid length is negatively correlative with the annual ring wi-
dth and the bigger the annual ring width is the shorter the tracheid length.
Ray of Tokkuri- disease trees increased, its rate 1.2 times greater and
the number of parenchyma cell 1.4 times greater. This shows that the ce-
lls increased abnormally because of Tokkuri-disease.

Principal component analysis was done according to the measured factors
mentioned above, and the tree was grouped into four parts, the abnormally
grown part, root, pith and normal part. It was recognized that the hype-
rtrophrc grown part connected with the structure of root and pith, so that
Tokkuri -disease had similar structure to those of root and pith. (cf, Iig.
12, Fig. 13, Table. 6, Table. 9)

3. The heredity of Tokkuri -disease

Narrow sence heritabilities were gained from investication date of a 10
- years old tree in Nol4 progeny trial plantation ( Bungotakada-city, Qita
Pref, ). Seven families were used and the repetition was three times. The
data which were used were the hypertrophic ratio. As a rusult of the an-
alysis of variance, difference of significance at 1% level was recognized
in the “ families ” and “ families x block 7 (cf. Table. 13) « Aira. 42 » ( one
of the name of families) is a family which is apt to have Tokkuri-disease
and the variance between blocks was large. “kanzaki.5 ” is assumed lo be a
family which will not suffer from Tokkuri-disease easily, and the varia -
nce between blocks was small. The heritabilities showed 26.7% , and its
value were moderate.

Similar analysis was done using six families which have common factors
among the four progeny trial plantations (using plantation numbers were
kyudais 14, kyudaie-15, kyudai«17 and kyudai-18). The hypertrophic ratio
of a 10 -year old tree was used. According to the analysis of variance,
differences of significance were perceived in progeny test factor at 1% I-
evel and in families factor at 5% level. (cf. Table. 15). 428 % trees in
kyudai. 14 plantation suffered from Tokkuri-disease, while 11.5% trees
in kyudai«15 ones suffered from it. There was a big difference between
the plantation. The following are the narrow sence heritabilies (h?)
for each plantation, kyudai+*14 ( h?=3.7 %), kyudai=15 (h?=17.1 %) kyudai
+ 17 (h?=15.3%) and kyudai = 18 (h?=479). The average of the above f-
our is 10.2%. (cf. Table. 17). It can be found that the lower the herit-
abilities is, the higher the frequency of Tokkuri- disease becomes. This
may be so because variance between individuals becomes large in the pla -
ntation where many trees have Tokkuri- disease. This shows that Lthe

heritability of Tokkuri-disease is weak and is concerned much with the
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environment and lending factors. But when we take significantion between
families into consideration, the avoidance of Tokkuri-disease by breeding

though its effect is not strong, is not necessarily denied.

4. Occurrence condition of Tokkuri -disease

The analysis was done the relation between the occurrence of Tokkuri —
disease and the environment and tending factors by multivariate analysis
( Quantification+ ). The Data were collected on 96 plots of Hinoki sta-
nds from 1980 to 1984 in Qita district. The criterion variable is the fre-
quenty of Tokkuri-disease. And the predictor variable consist of 8 facto-
rs,“soil type % “ topography % “annual precipitation ” (TAKESHITA and TA -
KAGI, 1977 ), “soil consistency ” ( ISAMOTO, 1983 ¢ ), “pruning % “ stand d-
insity index ” ( ISAMOTO, 1983 ¢ ), “ stand age % “site index " These factors
were divided into 29 categories.

As the result of the analysis, the multiple correlation coefficient was
0.6300. (cf. Table. 21 ). The factors that were deeply related to the occ-
urrence of Tokkuri-disease were “pruning’ “ annual precipitation’* soil t-
ype % “stand dinsity index % “ soil consistency ” and “soil type?3 The calegory
in which the frequency of Tokkuri-disease was high was the one whose
“annual precipitation’ was more than 2,201 »n, “non -pruning % “ stand dinsity
index ” was less than 0.80 ( thin stand ), “black soils % and “ soil consistency”
was less than 0.80 (softy). The categories is which the frequency was re-
stricted were elaborate cared one by“pruning” more than three times, the
one whose “soil consistency” is over 1.01 (solid and stickiness ), “ stand
density index” is over 1.01 ( dense dinsity index), tend to dry and “ brown
forest soils” and “annual precipitation” is less than 1,800 an .

The frequency in the stand which meets the occurrence conditions of
Tokkuri -disease ( the annual precipitation is over 2,201 mm+block soil-+thin
stand +non - pruning +softy soils) was 61.8 % (the average of 9 stands). And
the frequency of Tokkuri-disease under the restraint conditions{(the annual
precipitation is less than 1,800 me+brown forest soils ( tend to dry )+ elabo -
rate pruning + dence stand + consistent soil ) was no more than 5 ¢ (the
average of 5 stands ).

In addition, the occurrence condition of Tokkuri-disease were examined
by using skewness, and the result was the same as the case of Quantifica-
tion I, (cf. Table =22, Fig+19~20). In this chapter, the author studied
the relation between the occurrence of Tokkuri-disease and the physical
properties of soils, too. (cf. Table. 24 ~ 25, Fig. 21 ~22). The results
were as follows :

Many of the slightly injured plantations consist of solidity soil tending
to solid from surface. On the other hand there is much porosity in the hea-
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vily injured plantations and there storage capacity of soil is high. The
physical characters of the slightly injured plantations are is the following.

The volume weight is large ( 1.8 times as large as that of the heavily
injured ones). The rate of solid phase is 1.7 times as high as that of
the heavily injured ones. The total porosity composition is smaller by
20 %. This indicates that the soil tends to solid.

As for the heavily injured plantation, the volume weight and rate of
solid phase are small, and maximum water -holding capacity and the total
porosity composition are large. This suggests that the soil of the heavily
injured plantations is softy and the water- control of soil that is conce-
rned with the water- holding capacity, the storage capacity and drainage
function is high. And it must be notice that many heavily injured plan-

tations were seens in black soils.

b. Effect of the tending condition on the Tokkuri -disease

Four experments were tried in five stands where the occurrence of To-
kkuri - disease is begining, at its peak, and is ending. That were examined
the relation between the effect the tending of the dinsity, the pruning, the
fertilizing and Tokkuri-disease. The results were as follows (cf. Table.
56 )

1) The promotiveness for the Tokkuri-disease are thin stand ( low d-
insity stand ), non-pruning and fertilizing. These promote the damage with
singleness and progressive increase,

2) The restrictiveness for Tokkuri-disease are the crown closure (de-
nse stand), pruning and unfertilizing. These restrict the damage with si-
ngleness and progressive increase,

3) In pruning and the growth stands, interaction can be found. Tokkuri
- disease is getting much worth in open stands, while it can hardly found
in dence stands. pruning has an immediate effect in open stands and has no
effect in the dense stands. Tokkuri-disease is influenced most the stand
density and influenced by pruning is thought to be the sccondarey one.But
in the young stand before crown closure the effect by pruning can be pri-
marily seen.

4) The progress with crown closure in stand and phypiological symptoms
of aging restrain the hypertrophic growth of the base of stem.

5) In the frequent occurrence of Tokkuri-disease, a slight pruning has
little effect of restrainting it and so a strong pruning is needed.

6) As edge trees on Hinoki shows the same hypertrophic growth as the
trees in the thin stand, Tokkuri-disease often occurs.

7) In the same tending condition, black soils make the hypertrophic gr-
owth promote and it is restricted in brown forest soils tending to dry.
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Consequently, the most frequent occurrence condition and the restraint
condition can combine as follows :

@ The condition for the most occurrences on the Tokkuri-disease. Thin
stand + non- pruning + fertilizing + black soils.

@ The condition for the most restraints on the Tokkuri-disease. Dense
dinsity + pruning + unfertilizing + blown forest soils (tend to dry).

But in the condition for most occurrences is included the maximum gr-
owth period of trees, and the period will be regarded as the one of from

ten year old to twenty.

6. Tokkuri -disease and afforestation on by cutting

In the plantation by rooted cutting, there can be seen few Tokkuri-di-
sease and can be improved on the stem form. Two experiment forests we-
re set up and examined about this phenomenon.

1) Rooted cutting and its stem form.

From the result of the research on 16 - year old in the experiment fo-
rest where cutting of Nangohi ( the only clone of Hinoki in Japan), rooted
cutting and seedling are planted, the following was found :

Cutting of Nangohi was similar to seedling - bred Hinoki in both growth
and stem form (butt bent, trunk bent, basal stem growth). Seedling - bred
Hinoki was superior to this in growth, but it had a large butt bent and
basal stem growth. The afforestation on by cutting was found that it was
effective for the improvement of stem form on Hinoki and restraining ‘To-
kkuri - disease. (cf. Fig., 33 ~34).

2 ) Tokkuri- disease and progeny test

“ Mother trees ” ( Trees of Tokkuri- disease and nomal trees), “select -
jon stands ” ( three sections of stand A, B and C), and “planting dinsity
(dense density planting and low dinstity planting ), experiment forest was
set up based on factors above, and progeny test on Tokkuri- disease was
done. Though seven years passed since then, any significant difference
could not be found in any factors and in interaction.

As result of this, afforestation on by cutting was recognized as the ef-

fective means for preventing Tokkuri- disease. (cf. Table+ 61, Table 63 ).
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