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Seasonal Changes of Chemical Components in the Cones from
Various Clones of Abies sachalinensis in a Seed Orchard
and Germination Test of the Mature Seeds

By
Masao Ujne*, Takashi KaTAYosE** and Hiromu Kupon*
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Abstract

Cones were collected from eight specimens of Abies sachalinensis including six
clones monthly from May to September, and the changes of dry cone weight and vari-
ous chemical components in the cones were traced, using seed and scale separated from
cone for the cones collected after July. Variations of mature cones from the 36 trees
including eleven clones were also investigated chemically, and the relation between ger-
mination rate and each quantity of chemical components per grain of seed was
examined. Cone weight inceased from about 160 mg in May to 12,300 mg in September
on the average. Although the percentages of nitrogen, total minerals, phosphorus, and
potassium in the cones fell rapidly in the course of their growth, these substances taken
up in the cones increased remarkably. Calcium content was unexpectedly low, compar-
ed with that of magnesium. Average germination rate of mature seeds was 29%, and
seeds from the same clone showed similar germination rate as well as weight and the
proportions of chemical components. The germination rate had a highly positive rela-
tion to the weight and the quantities of chemical components per grain of seed except
calciumfespecially potassium, nitrogen, and minerals—as indicated by the high values
of the coefficients of correlation.
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Introduction

Compared with agricultural crops or fruit trees, forest trees are close to wild
plants and have highly diverse genetic variations within a certain species. Timber pro-
duction, for example, may take several decades, during which time the trees often
suffer from meteorological disasters and insect and fungal injuries.

Meanwhile, because the timber imports to Japan may be curtailed in the near
future, owing to deterioration of the global environment as well as to cutting restric-
tions designed to preserve tropical rain forests, it is essential to prepare requisite
amount of timber in Japanese forests. It is, accordingly, still more important to prac-
tice afforestation of good quality trees with steady and healthy growth and well-adapt-
ed to regional conditions, in the event of a long forestry depression.

With this view in mind, the Japanese Forestry Agency has been involved in tree
breeding since 1956. In Hokkaido national forests, many specimens of Abies sa-
chalinensis, Picea glehnii, and Larix kaempferi, the most popular planting species in
Hokkaido, have been selected as elite trees of phenotype by mass selection in natural
and artificial forests. The scions of these trees were grafted and the resultant clones
had been planted in seed orchards since 1961. In the near future, afforestation can be
conducted with the seedlings cultivated from the seeds of the clone trees.

The present study was performed, in order to grasp the growing process of the
cones from the clone trees as well as monitor the germination power of the mature
seeds. Seasonal changes of cones have hardly been reported to date, except for those
of the genera Pinus>® and Cryptomeria®. The authors collected cones cross-pollinated
with various clones of Abies sachalinensis in- the Hattari Seed Orchard in southern
Hokkaido monthly from the first stage to maturity, and recorded the seasonal changes
in cone weight and the contents of chemical components in the cones through their
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growth. Moreover, the authors collected many kinds of the mature cones and analyzed
their chemical components, as well as examined the germination power of the seeds in
a nursery field. Parts of this study have been reported in the proceedings of the Meet-
ing of the Japanese Forestry Society®*®.

The authors thank Mr. Y. KAWAMURA, technical official of the Iwanai District
Forest Office for his help in cone collection; Mr. A. SEKIYA, a graduate student of
Hokkaido University and currently a technical official of the Forestry Agency, for his
help in chemical analysis; and Associate Professor Y. HISHINUMA and Lecturer K.
MiINATO of Hokkaido University for their useful suggestions on the manuscript of this

paper.
Outline of the Seed Orchard?®

There are 45 seed orchards belonging to Hokkaido national forests, one of which is
the Hattari Seed Orchard, founded in 1962 from a previous nursery. This seed orchard,
located on plains about 5 km east of the coast of the Sea of Japany (Fig. 1) in Kyowa
Town, Iwanai County, was chosen on to provide excellent seeds of A. sachalinensis for
afforestation in southwestern Hokkaido. As for climate, the annual mean temperature
is 8.5C, yearly precipitation has been 1,183 mm on the average of the last ten years,
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Fig. 1. Location of the Seed Orchard (@) for collection of cones and places of elite trees
for cultivation of clones (O).
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and strong westerly winds blow with occa-
sional snowstorms in the winter. The soils,
as shown in Table 1, are divided into A, B,
and B, horizons at Site No. 9, and A, B at
Site No. 4 using the naked eye, and are
generally loamy, Drainage is good at No.
9 but not at No. 4 in spite of its rich
gravel. The solid rate in volumetric pro-
portion of three-phase is extremely high at
both sites, because this land, which consists
of old dry riverbeds, has been ameriolated
and tightened through the reclamation with
new mixed soils.

Since 1962, the planting of A. sa-
chalinensis clones had been underway with
an arrangement in 9-type of 3X3, which
was changed to 49-type of 7X7, owing to
the increase in clones after 1967. Planting
was completed in 1970, and now the plant-
ing area and the planting number are
respectively 7.56 ha and about 7,000 trees of
114 clones, consisting of 51 clones derived
from natural forests (three-figured number
behind the name of place where elite trees
are selected) and 63 clones from artificial
forests (one-figured number). In the man-
agement of the orchard, compound ferti-
lizer (N:7.5%, P:45%, K:5.0%) is given
at 500 g per tree every year and agricul-
tural chemicals are occasionally sprinkled
as needed. The fruiting of cones began in
1971, and good harvests have been reaped
every three to four years. In 1981, 37,700
cones were harvested from which 754 kg of
refined seeds were obtained, while in such
lean years as 1975 and 1980 no seed was
obtained at all.

Material and Experimentals

1. Material
In order to investigate the seasonal
changes of chemical components in the
cones, samples were collected from eight

Table 1. Physical properties of soils in the Hattari Seed Orchard

Apparent specific

Hardness

Color

Distribution of
three phases (vol.%)

Moisture (%)
based on

gravity
Fresh Dried Fresh Dried

Porosity
(vol.%)
Solid Liquid Gas

soil soil

soil

soil

Gravel
Structure %)

stency

Tester Consi-

(mm)

Naked eye

Munsell

Depth Thickness Soil
(cm) (cm) class

Horizon

Plot

35

40 25

28

1.26 1.02 22

Granular 2

Hard

20

. Dark
22 SiL  75YR3/3 brown

22

Site No. 9

planted
in 1968

24 53 31 16 47

1.37 19

1.69

Hard Crumb

20

23 CL 75YR4/6 Drown

22—45

B,

37 10

24

1.57 19

1.94

75YRS/6 Brght 18 Hard  Blocky

SL

45~

B,

k2| 38 28

51

1.26 0.88 34

45

black 14 Medium Crumb

5 YR3/2 Brownish

Site No.4 A 35 35 CL

planted

in 1964

21 27 45 29 26 55

Blocky 49 1.40 1.16

Hard

19

75YR/4/4 Brown

SL

35~
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individual A. sachalinensis trees planted on Site No. 9 of the Hattari Seed Orchard in
1968, consisting of six clones (Furenai 102, Gamushi 5, Gamushi 103, Hiyama 9—®
and @, Tomakomai 3—® and @, and Tomakomai 4, as shown in Fig. 1). Two or
three cones per tree in five growing stages were collected from May (unpollinated
strobilus stage) to September (mature cone), in 1983 (on May 6, June 10, July 15,
August 9, and September 6). The cones were dried and prepared for weighing and
chemical analyses, then separated into seed and scale including axis after the July col-
lection. Meanwhile, mature cones were collected in September 1983 from 36 individual
trees consisting of 11 clones, and prepared for weighing, chemical analyses and germi-
nation tests of seed. The grade of the cone harvest in 1983 was said to be a lower-
medium.
2. Experimentals

Weighing and chemical analyses:--Average cone weights were determined after
drying in a 105°C oven. The weight of the cones collected from July to September,
including 36 kinds of mature cones was calculated by the sum of whole seed and scale
weights, in which the seed number per cone was counted and the percentage of seed
weight per cone was also calculated. After the cone, seed, and scale were pulverized,
carbon and nitrogen were determined with a C-N Corder, while total mineral content
was determined by ashing in a 600°C electric furnace. Using the minerals dissolved
with 109% hydrochloric acid, phosphorus was determined by the vanado-molybdate
method with a spectrophotometer at 440 nm. Potassium, magnesium, calcium, and
sodium were determined using the same solution as above with an atomic absorption
spectrophotometer. For magnesium and calcium determinations, a strontium solution
was added to 1,000 ppm. Those determined were expressed as oxide. The contents of
chemical components were calculated in percentages to cone, seed, or scale weights and
quantities per cone, whole seed and scale in a cone or grain of seed (dividing whole
seed weight by seed number per cone).

Germination test---Refined seeds buried in the field of the Hokkaido Forest Tree
Breeding Institute during winter were used for the germination test in April 1984. Each
five-gram seed, whose number was obtained with each average grain weight, was
sowed on the nursery with three replications. The germination rate was calculated by
counting seedlings germinated two months afterward, in which damping-off rarely oc-
curred. The coefficients of correlation were also calculated between the quantities of
two chemical components per grain of seed and between germination rate and each of
the quantities.

Results and Discussion

1. Seasonal changes in cone weight
Seasonal changes in cone weight are shown in Table 2 and Fig. 2. By the ﬁrst
collection, May 6, the weights had all exceeded 100 mg, and the average of the cones
(unpollinated strobili) collected from eight individual trees on May 6 was 157 mg. The
maximum of 215 mg, Gamushi 5, was about twice as heavy as the minimum of 118 mg,
Hiyama 9—@. On June 10, the average weight reached 3,360 mg, which was 20 times
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as heavy as the former average. The
range was between 2,387 mg for Toma-
komai 3—@ and 5,834 mg for Toma-
komai 4, the increment of which was
remarkable. The weight of cone ex-
pressed with the sum of seed and scale
was 8,547mg on the average for the
third collection, July 15, in the range
from 4,364 mg (Tomakomai 3—@®) to
11,714 mg (Tomakomai 4). The aver-
age weight of seed in the third collec-
tion was 1,703 mg, which accounted for
just 20% of cone, while that of scale
was 6,843mg. The seed number per
cone, first counted separately, was 301
grains on the average, so the grain
weight was 5.56 mg. The average of
the cones collected on August 9, the
fourth collection, was 10,700 mg, the
value of which showed a small incre-
ment (1.25times) compared with the
former of 8,547 mg, and the range was
from 6,067 mg (Tomakomai 3—@) to
14,521 mg (Tomakomai 4). The seed
weight was 2,749 mg, accounting for
269% of cone, indicating that the growth
of seed was more than that of scale.
The average grain weight reached 9.03
mg, equivalent to 1.6 times the former
weight of 5.56 mg. The average weight
of the mature cones collected on Sep-
tember 6, the last collection, was 12,292
mg, the least increment ranging
between 7,259 mg (Tomakomai 3—@®)
and 17,033 mg (Tomakomai 4). The
light cones in the first stage were
insufficiently developed to the end
through their growth, while the heavy
ones were fully mature in the last
stage. The average weight of seed
was 3,273 mg, accounting for 279% of
cone and 1.2 times the former weight of
2,749 mg.

Table 2. Seasonal changes in dry weight of cones from various clone trees (mg)

Sept. 6

Aug. 9
Grai Seed Grain Seed Grain
Cone Cone Cone Seed (mdber/ConJ (15{1,'3 Scale Cone Seed (number/Cone) Q05 Scale Cone Seed (number/Cone) aos Scale

July 15

ollected date May 6 June 10

Clone

7,530

1,039

(330
35D
334
345
(323
(309
@D
(35D
@330

7,218 11,033 3,503

929

(332)
(353)

6,085 10,302 3,084
9,020 13,994 3,214
8,195 11,689 3,157
5,427 10,345 2,554

569

(252)
361

7,519 1.434

3,793
3,431
3,287
2,869
2,714
2,387
2,564
5,834

145
3,

215

102

Furenai

1,231 11,359
1,041 10,128

910 10,780 15,680 4,321

666

619
397
525
517
443
707

556

11,424 2,404

Gamushi
Gamushi

Hiyama

8,532 13,604 3,476
7,791 12,296 3,144
6,798 11,092 2,627
6,993 10,343 2,971
4,803 7,259 1,779

1,046 10,693 17,033 4,365

1,070
939
811
993
522

(295)
Q12
Q12

(329)
267
322
(323
@12
(338)

10,231 2,036

180
118
125

103

9,152
8,465
7,372
5,480

911
813
959

610
1,222 12,668

6,487 1,060

8,436 1,689

9—@
9—@
3—@
3—®@

4

9,004 2,206

9,675 2,682

6,067 1,264

6,747
6,528
3,424

Hiyama

270)
(242)

8,199 1,671

175
120
179

Tomakomai

940

4,364
11,714 2,393

Tomakomai

(366)

9,321 14,521 3,828
6,843 10,700 2,749

Tomakomai

9,019

979

903 7,951 12,292 3,273

(300)

3o

157 8,547 1,703

Average

1) Figures of cone, seed, grain or scale are average weights per cone, whole seed in a cone, grain of seed, or whole scale including axis in a cone, re-

Footnote :

spectiveiy.
2) Cones collected on May 6 are unpollinated strobili.
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Fig. 2. Seasonal changes of average dry weight of cones from eight individ-
ual trees.
Note: Cones collected on May 6 are an unpollinated strobili.

The average weight of grain of the last collection was 9.79 mg, but this value in-
cluded grains that were a little lighter than the previous ones, such as Gamushi 103,
Hiyama 9—@ and Tomakomai 3—@. However, this seemed to be a permissible error
based on the calculation by seed number per cone and whole seed weight. Among indi-
viduals, the grain weight from Tomakomai 3—® was extremely light—as little as 6.10
mg—, equivalent to just half the weight of Tomakomai 4 (12.22 mg). The growth of
the cone from Tomakomai 3—@ was presumably obstructed as a result of an accident.
Furthermore, it could be said that the development of cones from the same clone trees
showed similar process to each other.

2. Seasonal changes in carbon and nitrogen contents

Seasonal changes in carbon and nitrogen contents are shown in Table 3.

Carbon-+-The carbon content in the cones of the first collection was 46.6% on the
average with only a slight difference of 1.8 points between the maximum and minimum.
On June 10, the content reached 49.0%, 2.4 points higher than the former, the low value
of which was due to the fact that the cones of the first stage contained many minerals
and nitrogen The average carbon content of the cones after the third collection pro-
gressed little by little from 53.09% to 54.09% in the last stage. Meanwhile, the content
of the seeds gradually rose by 5.5% from 52.3% (July 15) to 57.8% (September 6),
inferring that the seeds probably produced essential fat and oil of high carbon content
through their growth. On the contrary, the content in the scale did not change in this.
manner.



Table 3. Seasonal changes in carbon and nitrogen contents of cones (%)

Collec\teddate May 6 June 10 July 15 Aug. 9 Sept. 6
Cone Cone Cone Seed Scale Cone Seed Scale Cone Seed Scale
Clone C N C N C N C N C N C N C N C N C N C N C N
Furenai 102 47.8 4.53 49.5 1.61 53.9 1.51 53.4 2.40 540 1.29 53.3 1.16 54.9 1.78 52.6 0.90 52.9 1.08 56.5 1.91 51.2 0.70
Gamushi 5 46.4 5.49 48.1 1.60 53.2 1.11 52.6 1.91 53.5 0.90 53.5 0.96 55.5 1.49 52.9 0.79 53.8 1.02 56.5 1.59 52.8 0.80
Gamushi 103 46.8 5.22 49.1 1.70 51.7 1.24 51.4 1.92 51.8 1.20 53.5 1.19 55.9 1.71 52.6 0.99 53.5 1.09 59.5 2.50 51.5 0.60
Hiyama 9—® 46.5 5.67 50.4 1.60 52.9 1.37 52.1 2.26 53.0 1.20 54.5 1.20 55.1 2.11 54.1 0.89 54.9 1.01 58.5 2.19 53.7 0.61
Hiyama 9—@ 46.1 4.08 48.6 1.69 51.9 1.36 52.2 2.43 51.8 1.10 52.8 1.29 54.8 1.90 52.1 1.10 55.4 1.09 59.8 2.40 54.0 0.69
Tomakomai 3—® 46.0 4.29 47.9 2.01 541 1.22 52.7 2.09 54.5 1.00 53.6 1.05 54.5 1.71 53.2 0.80 53.7 1.07 56.9 1.98 52.4 0.71
Tomakomai 3—@ 46.4 4.17 48.5 2.18 52.8 1.33 52.0 1.81 53.1 1.20 53.6 1.04 55.1 1.58 53.2 0.89 53.5 0.92 56.0 1.91 53.8 0.59
Tomakomai 4 47.0 4.41 50.0 1.70 53.4 1.28 52.3 2.00 53.7 1.09 52.3 1.21 54.7 1.80 51.5 1.00 54.1 1.21 58.9 2.11 52.5 0.89
Average 46.6 4.73 49.0 1.76 53.0 1.28 52.3 2.10 53.2 1.08 53.4 1.15 55.1 1.76 52.8 0.92 54.0 1.06 57.8 2.07 52.7 0.70
Table 4. Seasonal changes in nitrogen quantity per cone, seed, grain and scale (mg)
w May 6 June 10 July 15 Aug. 9 Sept. 6
Cone Cone Cone Seed Grain Scale Cone Seed Grain Scale Cone Seed Grain Scale
Clone 10-» 10-» 10-»

Furenai 102 7 61 113 34 13 79 120 55 17 65 120 67 20 53
Gamus i 5 12 55 136 46 13 90 134 38 14 86 160 69 20 91
Gamushi 103 9 56 137 39 12 98 139 54 18 85 148 87 26 61
Hiyama 9—@ 7 46 89 24 9 65 124 54 20 70 124 69 20 55
Hiyama 9—@ 5 46 115 41 13 74 117 42 15 75 122 63 20 59
Tomakomai 3—@ 8 48 100 35 11 65 102 46 17 56 111 59 19 52
Tomakomai 3—@ 5 56 58 17 8 41 63 20 8 43 67 34 12 33
Tomakomai 4 8 99 150 48 4 102 176 69 19 107 206 92 26 114
Average 8 58 112 36 12 77 122 49 16 73 133 68 20 65

91
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Fig. 3. Seasonal changes in average nitrogen content in cones from eight indi-
vidual trees (quantity per cone, whole seed and scale).

Nitrogen---Seasonal changes in nitrogen content were noticeable. As shown also in
Fig. 3, the average nitrogen content was 4.73% in the cones collected on May 6, but
sharply decreased to 1.76% at the second collection, and to 1.069% at the last collection.
Meanwhile, the average content in seed increased at about 29, with a slightly high
content both in the third and last collections. The nitrogen quantity per cone, seed,
grain, and scale is shown in Table 4 and in Fig. 3. The average quantity per cone was
8 mg at the first collection and rose to 58 mg at the second collection, or about 7 times,
and to 112 mg at the third collection, but subsequently the change was not so great.
The quantity per seed increased from 36 mg on July 15 to 68 mg on September 6. The
proportions of the average nitrogen quantity in seed to that in cone rose to 32%, 40%,
and 519% in the cones collected on July 15, August 9, and September 6, respectively,
while the proportions of that in scale decreased toward the last collection. This fact
indicated that the nitrogen in the cone was being transferred from scale to seed and
that protein and amino acid, the most important substances for germination, were
produced and deposited in the seed. Accordingly, the quantity of nitrogen per grain
increased naturally from 0.12 mg to 0.20 mg through the growth of cones. The range of
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the quantity per grain in the last stage was between 0.12 mg of Tomakomai 3—® and
0.26 mg of Gamushi 103 and Tomakomai 4, and the value of the former was extremely
low among individuals.
3. Seasonal changes in mineral content

Seasonal changes in mineral content are shown in Table 5 and Fig. 4. The mineral
content in the cones at the first collection was as high as 6.6% on the average, and
sharply dropped to the half that value, 3.4%, at the second collection. However, the
quantity per cone remarkably increased from 11 mg to 115 mg, ten times the former.
Afterward, the percentages of mineral in cone hardly changed, while the quantity in
cone strikingly increased toward the last stage. The average mineral content in seed
also hardly changed, ranging from 2.1% to 2.3% in the course of growth, as well as in
scale ranging from 2.6% to 2.9%. The average quantity in seed, however, increased
from 38 mg at the third collection to 74 mg at the last collection. The proportions of
seed mineral to cone mineral also gradually increased, from 18% (July 15), to 20%
(August 9) to 229% (September 6). The average mineral quantity in scale varied from
176 mg at the third collection, equivalent to 4.7 times as much as that in seed, to 259
mg of the last collection, equivalent to 3.5 times that in seed.

Cone Seed Scale
Quantity x X [ X Xeems =X

Content 0——o0 O=c=n=® O=:—0

300
”~~
z
&
> 200 3
4 g
> (]
=
=
3
=]
100

+

¥ayb Junel0 Julylb Aug.9 Sept.6
Collected date

Fig. 4. Seasonal changes in average mineral content in cones from eight indi-
vidual trees.
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4. Seasonal changes in phosphorus,
potassium, magnesium, and calcium
contents :

Phosphorus -:- Seasonal changes in
phosphorus content as oxide in the min-
eral of cones are shown in Fig. 5,
together with other inorganic compo-
nents. The phosphorus content in min-
erals of the cone at the first collection
was 25.3%, but sharply decreased to 14.
1% at the second collection, and after-
ward it followed the similar percentages
to the last collection with a little incre-
ment. Meanwhile, the content in min-
erals of seed gradually rose from 20.7%
to 22.3% and 28.1% at the last collection,
while that of scale was about 15%.

Seasonal changes in phosphorus con-
tent as oxide are shown in Table 6. The
average content in the cones collected on
May 6 was 1.729%, ranging from 1.34% of
Hiyama 9—® to 2.12% of Gamushi 5. In
the second collection, it dropped to 0.49%
and subsequently remained almost steady
to the last collection. However, the
average quantity per cone rose remark-
ably from 2.7 mg at the first collection to
16.4mg at the second collection, or 6
times more. It gradually increased 62.0
mg at the last collection. Meanwhile,
the quantity in seed at the third collection
was 7.8mg and increased to 20.0mg at
the last one, along with the similar proc-
ess of that in scale from 27.3mg at the
third collection to 42.0 mg at the last one.
The proportion of the average phosphorus
quantity in seed to that in cone graduaily
increased from 22% to 27% and 329%.
The average quantity per grain also in-
creased from 0.026 mg to 0.060 mg at the
last collection.

Potassium --- As shown in Fig. 5,
potassium content in the mineral was the

Table 5. Seasonal changes in mineral content of cones

Sept. 6

Seed

% m

Auvg. §

Seed

July 15

Seed

June 10

May 6

Collected date

Scale

%

Grain
10°ng

Cone
%

ng

Scale

%

Grain
10-*ng

Scale Cone
% ug % % m

Grain
10-%mg

ng

%

Cone
%

Cone

%

Cone
%

Clone

3.5 260
2.4 213
2.5 252
2.8 259
3.0 252

236
27
254
237
224
205

109

80
77

340 2.3

3.1

3.3 24
2.4 258
2.6 22

180
153
198
239
208
197
106

60
229

1.9

2.9 301
2.2 312
2.4 280
3.0 307
2.7 2
2.9 282

184
19%
191
139
164

166

3.0
2.2
2.3
2.6

2.4

118
100
14
110
152

133

30
36
38

2.1

2.8 24
2.0 2
2.2 29

1 3.0 112
118
2.6

15
11

7.2

102

Furenai

1.8

2.2 350
2.5 337
2.8 3l
2.9 322
2.8 294

2.6

1.7

1.5

3.4

6.8

5
103

Gamushi

Gamushi

2.5

59
65

1.9

1.9
2.6

98
97

81

6.1

82
7
64

32
104

2.6

242
185

3.3 229

2.5

169

34

8
8

11

-0 6.9

Hiyama

2.8
2.1

2.7

57
53

26
84

57

2.6

2.9

2.5 213
2.6 209

3.0
3.8
4.1

—@ 6.0

Hiyama

230
2.9 158
3.0 38
2.9 259

3.1

2.0
2.1

2.6
2.8

43

14
64
38

2.5

%

106

3O 64

Tomakomai

1.8
2.4

190

141
330
2.9 231

3.0

167
2.9 414
2.7 28

2.8

98
2.9 268
2.6 176

1.5
2.7

112
2.8 332
2.5 214

2.6

8
13
11

3-Q 6.3

4

Tomakomai

292
222

2.9 489
2.7 33

3.1

2.2

188

123

38 219

3.4

7.0

Tomakomai

167

74

2.3

189

2.1

2.2

115

6.6

Average



Table 6. Seasonal changes in phosphorus content as oxide of cones

M May 6 June 10 July 15 Aug. 9 Sept. 6
Cone Cone Cone Seed Grain Scale Cone Seed Grain Scale Cone Seed Grain Scale

Clone % % m % g % m 100w % w % m % mw 0w % m % mg % m W0y % m
Furenai 102 1.80 2.7 0.48 18.2 046 346 050 7.2 28 0.45 27.4 0.52 53.7 0.43 13.3 40 0.56 40.4 0.61 67.7 0.60 21.0 62 0.62 46.7
Gamushi 5 2.12 46 053 182 042 492 032 7.7 2 0.46 415 049 69.0 0.47 151 43 050 53.9 051 8.2 0.60 25.9 T4 0.48 543
Gamushi 103 141 25 047 154 037 376 032 65 20 0.38 31.1 0.46 53.7 0.46 145 49 046 39.2 045 60.7 0.58 20.2 60 0.40 40.5
Hiyama 9—O 149 1.8 0.47 13.5 0.3 23.5 0.58 6.1 22 0.3 174 037 38.2 052 13.3 49 0.32 249 044 53.7 0.66 20.8 60 0.36 32.9
Hiyama 9@ 1.34 1.7 0.4 119 042 355 046 7.8 24 0.41 27.7 0.46 41.6 0.58 12.8 47 0.42 28.8 0.54 60.4 0.72 18.9 58 0.49 415
Tomakomai 3—0 191 3.3 048 11.5 0.34 280 058 9.7 30 0.28 183 0.33 31.8 0.43 115 4 0.29 20.3 0.54 55.5  0.53 15.7 51 0.54 39.8
Tomakomai 3—@ 1.43 1.7 0.49 12.6 0.3 159 0.3¢4 3.2 15 037 127 049 206 044 5.6 23 0.50 24.0 053 38.7 0.51 9.1 3 0.54 29.6
Tomakomai 4 1.96 3.5 051 29.8 0.48 5.2 0.60 143 42 045 419 0.42 61.0 0.4 16.1 44 0.42 4.9 0.46 79.1 0.65 28.4 79 0.40 50.7
Average 1.72 2.7 049 164 0.4 3H.1 045 78 26 040 273 0.4 473 0.46 12.8 42 0.43 34.5 0.51 62.0  0.61 20.0 60 0.48 42.0

Table 7. Seasonal changes in potassium content as oxide of cones

__Collected date May 6 June 10 July 15 Aug. 9 Sept. 6

—_

Cone Cone Cone Seed Grain Scale Cone Seed Grain Scale Cone Seed Grain Scale

Clone % m % m % % wm 10"mw % m % wg % w W'm % u % m % wm W0'mg % m
Furenai 102 2.34 35 0.9 3.4 0.9 681 0.63 8.5 34 0.98 59.6 1.16119.8 0.5 17.3 52 1421025 1.18130.5 0.76 26.5 79 1.38 103.9
Gamushi 5 217 47 132 4.3 0.7 8.1 053 13.0 36 081 73.1 0.8612.3 0.52 16.8 48 0.96 103.5 0.87 135.9  0.49 21.2 60 1.01 114.7
Gamushi 103 230 41 1.04 342 0.74 76.1 0.64 13.0 39 0.77 63.1 0.92107.8 0.61 19.1 65 1.04 8.7 0.88120.0 0.77 26.8 80 0.92 93.2
Hiyama 9—O 2.87 3.4 126 36.1 0.93 60.3 0.82 8.7 32 0.95 51.6  1.001029 0.80 20.3 67 1.06 82.6 0.94115.9 0.72 22.6 66 1.02 93.3
Hiyama 9—@ 254 3.2 1.00 27.1 0.9 80.7 0.94 159 49 0.9 64.8 1.00 9.3 0.83 183 67 1.06 72.0 1.09121.2 0.8 22.6 70 1.17 98.6
Tomakomai 3—@ 1.98 3.5 1.35 32.2 0.8 6.5 0.78 13.0 40 0.82 53.5 1.06102.9 0.63 16.9 63 1.23 8.0 1.03106.3 0.67 19.9 64 1.17 86.4
Tomakomai 3—@ 2.61 3.1 1.36 34.9 0.89 389 050 47 22 1.00 34.2 1.08 654 0.65 8.2 34 1.19 57.2  1.06 77.1  0.58 10.3 35 1.22 66.8
Tomakomai 4 3.00 54 1,32 77.0 0.95111.2 0.87 208 6l 0.97 %04 1141649 0.66 253 69 1.31139.6 1.08184.0 0.79 345 96 1.18 149.5
Average 248 39 1.20 40.4 0.87 135 0.71 12.2 39 0.91 61.3 1.03109.3 0.66 17.8 58 1.16 91.5 1.02123.8 0.71 23.0 69 1.13 100.8

891

1°ON ‘8% TOA $189104 juowLtadxs] 9891100 9y} JO sSuIR[Ng YoIeasd



Seasonal Changes of Cones (UJIE-KATAYOSE:KUDOH) 169

highest of all inorganic components examined, and the content was nearly constant
from 35% to 37% in minerals of cone, throughout growth. The quantity of potassium
in seed was rather less than that in scale, in which the maximum was about 409% in the
cones collected on September 9. Seasonal changes in potassium as oxide are shown in
Table 7. The potassium content of the cones at the first collection was 2.48% on the

— —
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10 D Na,0 E E E
May6 Junel0 Julyl Aug. 9 Sept. 6

Fig. 5. Seasonal changes in average contents of chemical components in the mineral of
cones from eight individual trees.



Table 8. Seasonal changes in magnesium content as oxide of cones

w May 6 June 10 July 15 Aug. 9 Sept. 6
Cone Cone Cone Seed Grain Scale Cone Seed Grain Scale Cone Seed Grain Scale

Clone % % m % m % w 10'm % m % n % m 10%w % m % % m W0'mg % mg
Furenai 102 0.29 04 0.18 68 011 80 013 1.9 8§ 010 61 014 140 015 46 14 013 9.4 0.18 2.2 022 7.7 23 017 125
Gamushi 5 0.3 0.7 014 48 011 121 013 3.1 9 010 90 014 191 016 5.1 15 013 140 015 229 017 73 2 0.14 15.6
Gamushi 103 0.26 05 0.12 39 010 98 0.12 24 7 008 74 013 149 015 47 16 0.12 10.2 0.14 18.8 0.24 8.3 2% 0.0 105
Hiyama -0 028 03 017 49 013 83 0.27 2.9 1 010 54 015152 023 58 21 0.2 9.4 019 23.9 022 6% 2 0.9 17.0
Hiyama 9@ 024 03 015 41 011 91 0.26 44 14 007 47 0.8 160 0.23 5.1 19 016 10.9 0.18 20.0 0.31 8.1 2% 0.4 119
Tomakomai 3—@ 0.32 0.6 015 3.6 011 89 02 37 11 008 52 011 0.6 016 43 16 009 63 016 167 0.23 68 2 014 9.9
Tomakomai 3—@ 0.26 0.3 0.16 40 0.09 39 0.0 0.9 4 009 30 015 86 017 21 9 014 65 0.15 109 0.15 2.7 9 015 8.2
Tomakomai 4 032 06 017 99 0.13 155 0.2 6.2 16 010 9.3 0.15 21.5 0.17 6.5 18 0.14 150 0.18 31.0 0.20 87 24 0.18 22.3
Average 0.2 05 016 53 011 95 019 3.2 0 009 63 014 150 018 48 16 0.13 10.2 017 20.6 0.2 7.1 21 0.15 13.5

=
Table 9. Seasonal changes in calcium content as oxide of cones
w May 6 June 10 July 15 Aug. 9 Sept. 6
Cone Cone Cone Seed Grain Scale Cone Seed Grain Scale Cone Seed Grain Scale

Clone % m % m % ng % m W'mg % ng % % w 107 % g % m % m W0 % m
Furenai 102 030 04 0.08 30 0.04 31 002 0.2 8 005 29 0.03 3.5 0.02 0.6 18 0.04 29 0.09 10.2 0.03 11 3 012 91
Gamushi 5 023 05 006 21 0.04 44 0.01 03 8 005 41 005 6.6 0.02 0.5 4 006 61 005 7.6 0.02 08 23  0.06 6.8
Gamushi 103 0.16 0.3 0.10 33 0.03 26 0.02 0.3 9 003 23 004 42 002 06 20 0.04 36 007 88 0.03 1.0 30 0.08 7.8
Hiyama -0 013 0.2 007 2.0 004 28 0.03 0.3 11‘ 0.06 25 0.05 53 0.02 0.5 17 0.06 48 007 83 0.03 08 23 0.08 75
Hiyama 9—@ 0.14 0.2 006 16 0.04 31 0.02 0.3 9 0.04 28 004 34 002 04 15 004 3.0 007 7.8 004 11 H 0.08 6.7
Tomakomai 3—@ 0.26 0.5 0.07 1.7 0.04 29 0.03 04 12 004 25 004 38 002 04 15 005 3.4 005 51 0.02 0.6 19 0.06 4.4
Tomakomai 3—@ 0.15 0.2 0.5 1.3 0.04 1.8 0.02 02 9 005 1.6 0.04 2.3° 0.01 0.2 9 005 21 006 42 0.02 04 14 007 3.8
Tomakomai 4 0.14 03 006 35 0.05 57 0.03 0.6 18 006 51 004 59 002 07 19 005 52 006 9.8 0.02 0.7 20 007 91
Average 0.19 03 0.07 23 0.04 33 0.02 0.3 11 005 3.0 0.04 44 0.02 0.5 16 0.05 39 007 7.7 0.03 08 2% 0.8 6.9
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average, ranging between 1.98% and 3.01%, while the average quantity per cone was 3.
9mg. At the second collection, it dropped to 1.20%, less than half the value of the first
collection, while the quantity rose to 40.4 mg, over ten times that of the former. Sub-
sequently, the content per cone hardly varied—only 0.87%, 1.03%, and 1.02% at the
three collections, respectively—through the growth of cones. However, the quantity of
phosphorus in cones rose from 73.5 mg at the third collection to 109.3 mg and 123.8 mg
at maturity, in proportion to the increase of cone weight. The phosphorus content in
seed was nearly constant from the third collection to the last collection. The quantity
in seed from mature cones was 23.0 mg on the average, ranging between 10.3 mg for
Tomakomai 3—@ and 34.5 mg for Tomakomai 4. The proportion of the average quan-
tity in seed to that in cone was as low as 169 to 18%. This indicated that the phos-
phorus content in cones was chiefly based on the quantity in scale.

Magnesium---As shown in Fig. 5, the magnesium content in minerals of cone in-
creased only 4.4% to 6.09% in the course of growth. The content in the mineral of seed
(8.2% to 9.5%) was about twice that of scale (3.6% to 5.1%), so that it was inferred
that the seed would require much magnesium presumably for its germination.

Seasonal changes in magnesium content as oxide are shown in Table 8. The mag-
nesium content in the cones at the first collection was 0.299 on the average, while that
at the last collection was 0.17%. The average quantity in cones varied from 0.5 mg at
the first collection to 20.6 mg at the last collection. The proportion of the average
quantity per seed to that per cone was nearly constant at about 349 through the cone
growth. The magnesium quantity per grain from the cones at the last collection was
0.021 mg on the average, in which only the grain of Tomakomai 3—@ contained an
extremely small quantity, 0.009 mg, compared with that of other trees.

Calcium---As shown in Fig. 5, the calcium content in the mineral of cone was un-
expectedly low, compared with magnsium. The content was about 2%, with a little
increment of that in matured cones. The content in the mineral of seed was very low,
about 1%, while that of scale 2% or so.

Seasonal changes in calcium content as oxide are shown in Table 9. The average
content in the cones collected on May 6, was 0.199%, but dropped to 0.07% at the sec-
ond collection, and 0.04% at the third collection. Subsequently, the content varied only
0.04% to 0.07%. The quantity of calcium in seed from mature cones was 0.8 ing, and

. Table 10. Chemical composition in the mineral of cones from Abies sachalinensis*(9)

Mineral Chemical components as oxide in mineral

Sample  Collected date
content PO, K, 0 MgO Ca0 Na, 0 SiO;, ALO; FeO; Total

Cone June 18 3.20 23.1 4.3 6.0 3.8 0.3 17.8 3.2 1.4 99.9
Cone July 12 2.93 15.7 42.6 5.1 3.4 0.7 17.7 4.0 4.3 93.5
Cone Sept. 22 2.84 17.9 416 9.5 4.6 0.9 12.0 1.5 4.0 92.0
Seed Sept. 22 1.97 31.0 36.1 9.1 4.1 0.7 5.8 3.6 1.6 92.0

* A 45-year-old planted tree having 14.0 m high and 32 cm in DBH, located in the Nayoro Prefectural Forest.
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the proportion of the average calcium quantity per seed to that per cone was calculated
at only 10%, which inferred that calciumm was not so important in the germination of
seed. Accordingly, the quantity per grain of the seed from mature cones was only
0.0025 mg on the average.

As shown in Fig. 5, sodium content in the mineral was much less than calcium, so
that it could be neglected. The rest of inorganic components were presumably such
substances as silicon, aluminum, and iron, as shown in Table 10 (previously examined
by one of the authors), in which the total amounts covered more than 909 of
minerals?,

5. Contents of chemical components in mature cones.

The contents of chemical components in seed and scale from mature cones are
shown in Table 11. The average carbon content in seed was 57.79%, which was higher
than in scale by 4.6 points. The average nitrogen content was 1.8% in the former
which was relatively high, equivalent to just three times the latter. Meanwhile, the
total mineral content in seed was 1.9%, a little lower than that in scale, but the aver-
age contents of phosphorus and magnesium in seed were higher than those in scale,
while the contents of potassium and calcium in the former were lower than those in the
latter. From this fact, it was inferred that the substances necessary for germination
were much present in the seed. Among eleven clones, the seeds of the same clone
showed generally similar contents of chemical components.

The weights and quantities of chemical components per cone and seed in mature
cones are shown in Table 12. The average cone weight was 12.22 g, in which the seed
was 3.00 g on the average, about 259 of cone. The carbon quantity per cone was 6.62
g, equivalent to 549% of cone weight, and the nitrogen and mineral quantities were 106
mg (0.9%) and 284 mg (2.3%), respectively. The highest in minerals of cone was
potassium, 104 mg on the average, followed by phosphorus with 41 mg and magnesium
with 16 mg. Meanwhile, the average carbon quantity in seed was 1.73 g or 26% of that
in cones, and the nitrogen quantity was 55 mg or 55% of that in cones.

6. Quantities of chemical components per grain and germination rate of mature
seeds

As shown in Table 13, the average seed number per cone was 314 grains, ranging
from 242 to 370 grains at only 9.29% of the coefficient of variation. The average weight
of grain was 9.49 mg, ranging from 6.10 to 13.35mg. The quantities of carbon and
nitrogen per grain were 5.48 mg and 0.17 mg, respectively, and the coefficients of vari-
ation were higher in the latter than the former. The quantity of total minerals was 0.
18 mg, showing a similar value to that of nitrogen. The maximum quantity in minerals
was potassium, followed by phosphorus and magnesium. The average germination rate
was 29.1%, ranging from 094, non-germination, to 51.19, so that the coefficient of vari-
ation was as high as 48.6%, Among eleven clones, the grains of seed from Gamushi 5
and Tomakomai 4 were generally heavy, substantial, and rich in nutrient substances,
while those from Gamushi 102 and Tomakomai 3 were light and poor in nutrients.
Accordingly, the former were higher in the germination rate than the latter. Further-
more, it was shown that the germination rate of the seed from the Hiyama 9 clone was



Table 11. Contents of chemical components in seed and scale from mature cones (%)

Individual No. Seed Scale

Clone (Site No)  Carbon Nitrogen P.O; K.O MgO CaO Carbon Nitrogen Mineral P.0; K, 0 MgO CaO
Furenai 102 108 1.9 2.3 0.60 0.76 0.22 0.03 51.2 0.7 3.5 0.62 1.38 0.17 0.12
Furenai 102 315 1.7 1.8 0.42 0.58 0.14 0.02 52.9 0.5 2.6 0.39  1.01 0.14 0.07
Furenai 102 ® 1.6 1.8 0.36 0.62 0.16 0.03 53.4 0.5 2.3 0.15 0.81 007 0.02
Furenai 102 508 1.2 1.3 0.30  0.43 0.08 0.03 51.6 0.6 2.3 0.40 0.92 015 0.08
Gamushi 5 240 1.6 1.8 0.60 0.49 0.17  0.02 52.8 0.8 2.4 0.48 1.01 0.14 0.06
Gamushi 5 540 1.3 1.4 0.33  0.52 0.12  0.02 52.4 0.5 2.2 0.33 091 0.10 0.09
Gamushi 5 622 1.2 1.3 0.29 0.42 0.10 0.02 54.0 0.5 2.2 0.35 0.84 0.10 0.06
Gamushi 5 259 1.6 1.8 0.47 0.56 0.17  0.03 52.4 0.7 2.4 0.3  0.91 0.11 0.10
Gamushi 6 W 0.8 1.1 0.28 0.43 0.08 0.03 52.4 0.5 2.0 0.25 0.74 0.08 0.05
Gamushi 6 ) 0.9 1.1 0.27  0.36 0.08 0.02 53.4 0.6 1.9 0.35  0.82 0.11 0.04
Gamushi 102 ) 1.5 1.7 0.40 0.60 0.14 0.03 52.2 0.5 2.7 0.31 099 0.13 0.10
Gamushi 102 150 0.8 1.0 0.22  0.37  0.07 0.02 53.3 0.7 2.4 0.46 095 0.13 0.08
Gamushi 103 387 2.5 2.5 0.58 0.7 0.24 0.03 51.5 0.6 2.5 0.40 092 0.10 0.08
Gamushi 103 W 1.5 1.5 0.33  0.49 0.13  0.03 53.8 0.6 2.0 0.25 071 0.10 0.09
Gamushi 104 w 1.3 1.5 0.30  0.50 0.11 0.02 53.9 0.6 1.8 0.16 0.68 0.1 0.07
Gamushi 104 ® 1.9 2.2 0.47 0.70 0.18  0.02 54.6 0.5 2.3 0.13  1.02 0.0 0.07
Gamushi 108 ) 1.7 1.6 0.32 0.52 0.1 0.02 54.0 0.6 2.0 0.18 0.71 0.10 0.04
Gamushi 108 6)) 1.9 2.2 0.41  0.71  0.20 0.02 52.9 0.5 3.0 0.32 111 019 0.12
Hiyama 9 570 2.2 2.6 0.66 0.72 0.22 0.03 53.7 0.6 2.8 0.3 1.02 0.19 0.08
Hiyama 9 639 2.4 2.8 0.72 0.8 0.31 0.04 54.0 0.7 3.0 0.49 1.17 0.14 0.08
Hiyama 9 183 2.2 2.2 0.67 0.70 0.17  0.03 51.5 0.4 2.5 0.31 1.00 0.10 0.07
Hiyama 9 18 2.2 2.3 0.39 0.74 0.8 0.02 51.1 0.3 2.7 0.31 095 0.16 0.08
Hiyama 9 1% . 2.1 2.2 0.47 0.67 0.16 0.02 55.0 0.3 3.1 0.29 1.07 0.23 0.15
Hiyama 9 165 60.9 2.1 2.4 0.53  0.77  0.20 0.02 52.9 0.4 2.9 0.39 1.04 022 0.14
Shiraoi 2 w 58.7 1.7 1.8 0.38 0.58 0.15 0.03 53.4 0.4 2.5 0.18 094 012 0.1
Shiraoi 2 1 59.8 2.1 2.1 0.35 0.68 0.15 0.03 53.9 0.4 2.1 0.10 0.69 0.06 0.04
Shiraoi 2 2 58.7 2.0 1.8 0.51 0.55 0.17 0.03 54.4 0.5 2.3 0.17 0.87 012 0.07
Tomakomai 3 15 56.9 2.0 2.1 0.53  0.67 0.23 0.02 52.4 0.7 3.1 0.54 1.17 0.14 0.06
Tomakomai 3 582 56.0 1.9 1.8 0.51 0.5 0.15 0.02 53.8 0.6 2.9 0.54 1.22 0.15 0.07
Tomakomai 3 362 57.4 1.9 2.0 0.35 0.68 0.15 0.02 54.3 0.6 2.4 0.28 0.8 011 0.1
Tomakomai 3 515 57.3 1.9 1.7 0.33 0.5 0.14 0.02 53.8 0.6 2.3 0.29 0.88 0.10 0.06
Tomakomai 3 154 56.9 1.5 1.8 0.33  0.62 0.15 0.02 52.8 0.5 2.9 0.17 1.00 0.12 0.05
Tomakomai 4 95 58.9 2.1 2.4 0.65 0.79 0.20 0.02 52.5 0.9 3.0 0.40 1.18 0.18 0.07
Tomakomai 4 296 58.5 2.6 2.1 0.3  0.63 0.15 0.02 52.8 0.4 2.4 0.16 0.79 0.07 0.02
Tomakomai 4 47 57.9 2.2 2.3 0.38 0.72 0.17 0.02 52.8 0.4 2.6 0.15 0.8 0.08 0.05
Tomakomai 4 321 58.5 2.3 2.1 0.35 0.69 0.16 0.03 53.2 0.5 2.7 0.30 1.10 0.11 0.09
Average 57.7 1.8 1.9 0.43 0.61 0.16 0.02 53.1 0.6 2.5 0.30 095 0.12 0.08
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Table 12. Weights and quantities of chemical components per cone and seed in mature cones
Individual No. Cone Seed

Clone  (SiteNoJ)  Weight Carbon Nitrogen Mineral P,0. K.0 Mg0 CaO  Weight  Seedwt.  Carbon Nitrogen Mineral PO, K. Mg0 Ca0

g g g ng ng » g g g /Cone wt. % g ng ng ng g ng mg

Furenai 102 108 11.03 5.83 120 340 68 130 20 10 3.50 31.8 1.98 67 80 21 27 8 1.1
Furenai 102 315 9.03 4.88 77 211 36 80 13 5 2.64 29.2 1.50 45 47 11 15 4 0.6
Furenai 102 ® 10.23 5.60 83 224 21 i 10 2 2.89 28.2 1.68 46 53 10 18 5 0.5
Furenai 102 508 12.62 6.63 91 264 47 104 17 9 2.50 19.8 1.41 30 2 7 1 2 0.7
Gamushi 5 240 15.68 8.4 160 350 78 136 21 6 4.32 27.6 2.4 69 7 26 2 7 0.8
Gamushi 5 540 12.16 6.48 87 246 4 9% 13 9 3.26 26.8 1.81 42 46 1 17 4 0.8
Gamushi 5 622 14.12 7.69 9% 27 48 103 14 7 3.64 25.8 2.04 44 46 1 15 4 0.7
Gamushi 5 259 12.15 6.55 114 267 49 9% 15 10 3.28 21.0 1.91 52 59 15 18 6 1.0
Gamushi 6 @ 18.07 9.55 98 334 46 126 14 9 2.61 u.5 1.4 2 2 7 1 2 0.8
Gamushi 6 ® 10.05 5.42 67 173 U 3 10 4 2.11 21.0 1.19 19 23 6 8 2 0.4
Gamushi 102 () 7.15 3.82 52 179 24 4 10 [ 1.67 23.4 0.9 25 29 7 10 2 0.4
Gamushi 102 150 12.45 6.66 89 266 52 106 15 9 2.4 16.4 1.1 16 A 4 ) 1 0.6
Gamushi 103 387 13.60 7.28 148 337 61 120 19 9 3.48 25.6 2.07 87 8 20 27 8 1.0
Gamushi 103 @ 1.4 6.08 88 208 ki) 74 12 8§ 2.43 21.8 1.39 36 36 8 12 3 0.7
Gamushi 104 ()} 17.83 9.65 126 316 2 116. 20 1 2.80 15.7 1.55 36 42 8 it 3 0.6
Gamushi 104 ) 11.59 6.46 107 265 27 107 14 7 3.52 30.4 2.06 67 Wi 17 % 6 0.8
Gamushi 108 @ 20.26  11.01 157 389 41 138 21 7 3.23 16.0 1.82 55 50 10 17 4 0.7
Gamushi 108 )] 8.87 4.9 81 244 31 88 17 8 2.61 29.4 1.58 50 58 11 19 5 0.6
Hiyama -9 570 12.30 6.75 124 U1 54 116 24 8 3. 25.6 1.84 69 82 21 23 7 0.8
Hiyama 9 639 11.09 6.14 122 325 60 121 2 8 2.63 23.7 1.57 63 72 19 23 8 1.2
Hiyama 9 183 10.53 5.59 86 251 42 97 12 7 2.712 25.8 1.57 60 59 18 19 5 0.9
Hiyama 9 18 11.06 5.88 86 288 37 9 18 7 2.79 25.2 1.65 61 65 1 21 5 0.4
Hiyama 9 196 10.41 5.83 82 298 3 100 22 12 2.81 27.0 1.65 59 61 13 19 5 0.7
Hiyama 9 165 9.39 5.16 7 259 40 91 20 1 2.43 25.8 1.48 51 58 13 19 5 0.7
Shiraoi 2 €Y 10.04 5.52 80 230 25 83 13 9 3.07 30.6 1.80 52 56 12 18 5 1.0
Shiraoi 2 1 13.46 7.42 102 279 21 9 10 5 2.19 20.8 1.67 59 57 10 19 4 0.8
Shiraoi 2 2 12.96 .22 122 276 35 100 18 8 3.87 299 2.27 i 7 20 21 7 13
Tomakomai 3 15 10.34 5.55 1 286 56 100 17 5 2.97 28.7 1.69 59 64 16 20 7 0.6
Tomakomai 3 582 7.26 3.94 67 190 39 i 11 4 1.78 24.5 1.00 34 2 9 10 3 0.4
Tomakomai 3 362 8.70 4.79 81 199 26 7 1 7 2.28 26.2 1.31 43 46 8 16 3 0.5
Tomakomai 3 515 8.83 4.84 85 191 26 70 10 4 2.49 28.1 1.42 47 43 8 vl 4 0.4
Tomakomai 3 154 10.38 5.61 83 266 21 92 13 [} 3.1 30.0 1.77 47 55 12 19 5 0.7
Tomakomai 4 9 17.03 9.22 206 489 7 184 3 10 4.37 25.6 2.57 92 104 2 35 9 0.7
Tomakomai 4 2% 16.36 8.88 158 384 k! 17 13 3 4.20 25.7 2.46 109 88 15 21 5 0.7
Tomakomai 4 447 17.10 9.26 149 426 36 145 18 7 4.49 26.2 2.60 9 103 17 32 8 0.6
Tomakomai 4 321 14.50 7.90 137 365 46 145 18 10 3.54 24.4 2.07 82 3 13 25 6 0.7
Average 12.22 6.62 106 284 4 104 16 7 3.00 25.1 1.73 55 58 13 18 5 0.7
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Clone IndiYidual No. Seed number Weight Carbon Nitrogen Mineral P,0; K,0 MgO Ca0  Germination
(Site No.) /Cone ng g ng g 107%ng 107 10°mg 10°mg rate %

Furenai 102 108 337 10.39  5.87 0.20 0.24 62 ™ 28 3.3 34.0
Furenai 102 315 309 8.54 4.85 0.15 0.15 36 50 12 1.8 *

Furenai 102 ®) 297 9.74 5.67 0.16 0.18 3 60 16 1.6 38.6
Furenai 102 508 321 7.80 4.4 0.09 0.10 23 k11 6 2.2 5.9
Gamushi 5 240 31 12.30 6.95 0.20 0.22 I 60 21 2.3 29.2
Gamushi 5 540 304 10.69 5.93 0.14 015 3 56 13 2.6 37.6
Gamushi 5 622 31 .02 616 0.13 0.4 3 46 1 2.0 24.0
Gamushi 5 259 314 10.46 6.08 0.17 0.19 49 59 18 3.2 21.7
Gamushi 6 @ 251 10.42 5.80 0.08 0.12 29 45 8 3.2 20.3
Gamushi 6 ® 322 6.54 3.68 0.06 0.07 18 2 5 1.2 9.5
Gamushi 102 (¢Y) 242 6.93 3.96 0.10 012 28 42 10 1.8 0.0
Gamushi 102 150 299 6.80 3.72 0.05 0.07 15 25 5 2.0 4.9
Gamushi 103 387 334 10.38 6.17 0.26 0.25 60 80 25 3.0 28.4
Gamushi 103 O] 300 8.11 4.66 0.12 012 27 40 1 2.3 20.0
Gamushi 104 (C)] 293 9.57 5.30 0.12 0.14 29 48 1 2.0 29.3
Gamushi 104 ® 338 10.44 6.10 0.20 0.23 49 73 19 2.5 4.1
Gamushi 108 @ 320 10.11 5.68 0.17 0.16 32 53 1 2.2 20.1
Gamushi 108 ® 296 8.81 5.36 0.17 0.20 36 63 18 2.1 48.4
Hiyama 9 570 U5 9.11 5.3 0.20 0.24 60 66 20 2.4 41.4
Hiyama 9 639 323 8.13 4.86 0.20 0.22 58 70 25 3.6 *

Hiyama 9 183 322 8.45 4.87 0.19 0.18 57 59 2! 2.8 46.4
Hiyama 9 18 324 8.61 5.11 0.19 0.20 M 64 16 14 4.1
Hiyama 9 196 305 9.22 5.40 0.19 020 43 62 15 2.2 34.0
Hiyama 9 165 298 8.14 4.96 0.17 0.19 43 63 16 2.3 38.1
Shiraoi 2 @ 329 9.33 5.48 0.16 0.17 3 54 14 3.1 24.0
Shiraoi 2 1 290 9.64 5.76 0.20 0.20 34 65 14 2.6 38.8
Shiraoi 2 2 338 11.47 6.73 0.23 0.21 58 63 19 3.8 32.6
Tomakomai 3 15 309 9.59 5.46 0.19 0.21 51 64 22 2.0 17.9
Tomakomai 3 582 291 6.10 3.42 0.12 0.11 31 3% 9 1.2 0.0
Tomakomai 3 362 287 7.9 4.56 0.15 0.16 28 54 12 1.9 31.3
Tomakomai 3 515 306 8.13 4.66 0.15 04 27 47 1 1.3 30.9
Tomakomai 3 154 333 9.36 5.33 0.14 0.17 3% 58 i 2.0 27.1
Tomakomai 4 95 357 12.22 7.2 0.26 0.29 79 9% 24 2.1 43.3
Tomakomai 4 296 370 11.35 6.64 0.29 0.24 41 56 14 1.9 .

Tomakomai 4 447 364 12.39 717 0.27 0.28 47 89 21 1.7 49.4
Tomakomai 4 32 266 13.35 7.81 0.31 0.28 48 92 21 2.5 51.1
Average 3 9.49 548 0.17 0.18 41 58 15 2.3 29.1
Min. 242 6.10 3.42 0.05 0.07 15 24 5 1.2 0.0
Max. 370 3.3  7.81 0.3 029 7 9% 2% 3.8 51.1
C.V. (% 9.2 18.2 18.6 3.3 31.0 3.7  28.7 3.7 284 48.6

* Germination test was not carried out because of insufficient amount of seed.
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Fig. 6. Scatter diagram of germination rate to nitrogen content per grain of
seed from mature cones.

Table 14. Coefficients of correlation between quantities of two chemical components
per grain and between germination rate and each quantity of chemical
components
Weight Carbon Nitrogen Mineral P,0, K,0 MgO CaO Germination rate

Weight 1

Carbon 0.9906 1

Nitrogen 0.7196 0.7836 1

Mineral 0.7304 0.7940  0.9460 1

P.Os 0.5976 0.6344  0.7253 0.8197 1

K.O 0.7148 0.7737  0.8775 0.9597 0.7736 1

MgO 0.5911 0.6524  0.8072 0.9114 0.8785 0.8959 1

CaO 0.3576 0.3758  0.2657 0.3209 0.4762 0.3429 0.4399 1
Germination rate 0.5791 0.6387  0.7297 0.7522 0.4986 0.7709 0.6330 0.1766 1
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Fig. 7. Scatter diagram of germination rate to mineral content per grain of
seed from mature cones. ’
high, in spite of its light weight, while that from the clones at Site No. 4 was generally
low.

The relations between germination rate and content of such chemical components
as nitrogen, total minerals, and potassium are shown in Figs. 6 (nitrogen), 7 (miner-
als), and 8 (potassium). A stereo diagram of germination rate to the contents of
nitrogen and potassium are also shown in Fig. 9. The greater the quantity of these
chmical components, the higher the germination rate, in nearly direct proportion. The
coefficients of correlation between quantities of two chemical components per grain,
between germination rate and grain weight, and between germination rate and each
quantity of chemical components are shown in Table 14. The values between two
chemical components or grain weight and each quantity were all significant at the 1%
level except calcium quantity; especially high values were shown in the relations
between the weight and carbon quantity, total minerals and potassium, as well as total
minerals and magnesium. In relation to germination rate, the values were also all
significant at the 19 level but calcium. Values more than 0.7 were obtained between
germination rate and quantities of potassium, minerals, or nitrogen.
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Fig. 8. Scatter diagram of germination rate to potassium content as oxide
per grain of seed from mature cones.

Conclusions

Cones of eight Abies sachalinensts trees including six clones cultivated by grafting
were collected monthly from May to September in the Hattari Seed Orchard, and their
seasonal changes were traced by examining the weight and chemical components, sepa-
rated into seed and scale after the collection in July. Moreover, variations of mature
cones of the 36 trees including eleven clones were investigated chemically, and germina-
tion of the seeds was tested.

From these results, the following conclusions were obtained: The average cone
weight was about 160 mg at the first collection of May and increased remarkably to
12,300 mg (80 times) at the last collection of September. On the whole, cones as light
as Tomakomai 3—@ in the beginning were very light at the end, while the heavy cones
remained heavy until the end. Although the carbon content in the last stage was 54%
in cones, that in seed was as high as 589% on the average, from which it was inferred
that the seed contained a large quantity of fat and oil rich in carbon. The average
nitrogen contained at 1.73% in the cones at the first collection decreased gradually to
about 1% at the last collection, while the quantity per cone inreased markedly from 8
mg at the first collection to 133 mg at the last. That of nitrogen in seed was higher
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Germination rate (%)

Fig. 9. Stereo diagram of germination rate to the contents of nitrogen and potassium as
oxide per grain of seed from mature cones.

than scale, even though the weight ratio of seed to scale was 1 to 3. From this, it was
inferred that nitrogen compounds such as protein, amino acid necessary for germination
were synthesized in abundance in seed throughout the growth of cones. Total mineral
content in cone was 6.6% on the average in May, and considerably decreased to 2.7% in
September, but that in seed did not change much-only about 2%. The average con-
tents of phosphorus and potassium as oxide in cones were 1.72% and 2.48%, respective-
ly, in the first stage, but they decreased to about 0.5% and 1% in the last stage, while
both the quantities per cone at the last collection increased strikingly to 30 times as
much as those of the first collection. The magnesium content in cones was not so high,
but that in seed was much higher than in scale. Calcium content was unexpectedly
low, and sodium content was also extremely low. Generally, the heavy cones were
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rich in all the chemical components.

In the 36 mature cones, the average contents of carbon, nitrogen, mineral, phospho-
rus, potassium, and magnesium in seed were 57.7%, 1.8%, 1.9%, 0.43%, 0.61%, and
0.16%, respectively, while those in scale were 53.19%, 0.6%, 2.5%, 0.30%, 0.95%, and
0.12%. The chemical components which were richer in seed than in scale were carbon,
nitrogen, phosphorus, and magnesium. Although the content of potassium important
for germination was the highest in total minerals, it was rather higher in scale than in
seed. The seed number per cone was 314 grains on the average. Among clones, the
grains from Tomakomai 4 and Gamushi 5 were generally heavy and rich in nutrient
substances, while those from Tomakomai 3 and Gamushi 102 were light and poor in
these substances. The average germination rate was 29.1%, with a large coefficient of
variation ranging from 0% to 51.1%, in which the seeds from Tomakomai 4 and
Hiyama 9 showed high germination rates, but not from Tomakomai 3 and Gamushi 102.
Coefficients of correlation between grain weight and each quantity of chemical compo-
nents or quantities of two chemical components per grain were high and significant at
the 1% level except calcium. Furthermore, those between germination rate and quan-
tity of each chemical component were also significant at the 1% level, especially
showed high values over 0.7 in the quantities of potassium, minerals and nitrogen per
grain.

Hereafter, it is necessary to observe and manage the growth of trees transplanted
in mountains from nurseries until their maturity. Although Abies sachalinensis trees
are now very popular in Hokkaido, their seedlings are less resistant to frost injury and
attack by such fungi as Scleroderris canker, and they generally have wood of low den-
sity and often wetwood in the heartwood. Accordingly, clones resistant to climatic
damage and of good wood quality must be selected further from the clones now
selected by phenotype.
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EERCEWTIE, ThEhoBBCELT ChicBBiz X b EyR s, RER
PERL T3, EBEDOEBEWTIBA, t ¥~y (Abies sachalinensis MAST.) &7 5 =
V= (Picea glehnii MAST.) B X UO'» 5= (Larix kaempferi CARR.) % Ef & LTAT
K REMRE DB OBEREYBEL, TOWARERAVTOERIZID 7 e —v2ED, 45
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FREUEL, BTROEE, R LRFRLOBRELTANI, TOBRIE, KoBHTH 5,

1. 5 ARBRIMLIRE (REBORIE) OVHERZ, 157mg THo7re, 9 A DR
RETIZ12,292mg L B X FBOBIERREL Tz, 20T, & ITEMI 4 RBRR5 D2
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182 Research Bulletins of the College Experiment Forests Vol. 48, No.1

5. RBHFORKOIDIL, H YV ATHoT, VVRED ) vV ADFERIELALH
5 ABMEDER 1.72% L 2.48% 05, 9 BBHEOR I £ 0.5% L 1%~ Lic, LHLEK
BORRELELDEHEL D, TOEFREINOBRIEL . BFBTOY VBREH Y VLD
EHERIZ, FOMPIIBLLIE ot —H =7/ 2o 7 A5HRE, FIHECLHRTELL
Eroted, BREFCRBAIILRIE P T, AT TAEERIL, = 7/XvvalX)
LALIEL, FLTETOLIE, »V VA LAKBMA IV ILLABI, 7Y T A
DEFRIL, BRTEIBENI -1,

6. EBETORE, EX, BEEY, VB HV Vs BIV<ZRo 70T HE
BRIZ, FhFRS57.7, 1.8, 1.9, 0.43, 0.61%F X V°0.16%TH Y, Thicx L TR T,
FhERS53.1, 0.6, 2.5, 0.3, 0.95%K X V0.12% TH -1, BEETIHF LY, RE
ER, VB <XV s ERFCHAREDB LEDhIHPECEAT W,

7. 1BRBEYL Y OPHETEIZIMNT, LOBEEREILI.2% LB, T,

8. BT Y7 v —vRlICHE TS L, BENMNRABIORRS R—BRZEEHNEL, ¥R
CEATED, B3, BB 102 3B, ¥BYBOSHERL Vb -7

9. BTFRFROFEHIX29.1%T, T OHEAIZ, 0%»551.1%THH, BEIFREIL48.6%
EBr ol 72— VIIEREROBL DI, H/K4 LELUITHY, Buvdoi, BT
EREOBVE/NMI3 B IURE102 TH -7,

10, EFNOEREZFRTE I U2 HAHOEBREKE, 21y s8FBYBRV-TWT
hiEL, EROBVWIDIRY, WThOoOXEHNECLEATWAHZ EhGhsls,

1. BRERLEFRS,EOMBETIE, #Avya®2BNT, WTFhd 1 %AkETEETD
D, LAV Vs, RERY, FREOMOMEBGRKIZ0.7TUECIET IR VERLLR
o

12. 5813, 72— VAR IALERROEFTRABLEEL, P F~YDORATHI4E
ROBRBIFESY, SREFCHLCERERDY, HENCLI T Chcbok, XHRBRL
TWLDBERD B,



