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NUTRITIONAL STUDIES ON THE SEEDLING OF ABIES
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Introduction

It has been observed that the Abies sachalinensis Mast. (Todomatsu) seedling
in the nursery, generally, has the most rapid growth of stem during the period
from mid-May to mid-June and begins to form its current-year buds in early July

*  Silviculture Laboratory, Hokkaido Branch, Government Forest Experimental Station.
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Figure 0-1. Height growth of Abies sachalinensis MAST. (Todomatsu;
3-year-old seedlings in Sapporo plotted as cumulative growth
over a period of time (above), and as actual growth during
the same period of the growing season. (1957)

(Figure 0-1), but thereafter, some seedlings show the secondary growth of stem
immediately after bursting their current-year buds®** 455715535 Aganr et al.”
reported that one-year seedlings of Todomatsu in Yamabe began to burst their
buds in mid-May, formed the terminal buds in the period before and after June
30th, then burst again, and began to form the second terminal buds finally in
late August having the complete buds about September 11th. Furthermore,
IwamoTo and SHIBATA* obtained the same pattern on 5-year-old seedlings also
in Yamabe. This shows that such late growth, that is to say, lammas shoot growth
in Todomatsu occurs commonly in some nurseries in Hokkaido. Lammas shoots
are formed not only by Todomatsu but also by other evergreen species® ™ :
Picea jezoensis CARR. (Jezomatsu), P. Glehnii MasT. (Akajezomatsu), Cryptomeria
japonica D. DoN (Sugi) and by the deciduous species™®™ : Quercus serrata
Taune. (Konara), Q. crispula BLUME. (Mizunara), Zelkova serrata MAKINO
(Keyaki) and also, in America'>*#-®-.508058.6.10.112  ocommonly, by oaks, hickories,
alders, elders, and elms. Furthermore, it was reported that with lemons, oranges,
cacao, tea, etc. the recurrent flushes”*®® of shoot growth occur during this
vegetative season. KRAMER recognized the recurrent flushes for 2-year-old
loblolly pine seedlings in the open®, and also under a constant environment in
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the EARHART Laboratory™, and then he and KozLowskr® pointed out that the
lammas shoot is really an example of this type of growth.

In Todomatsu, lammas shoot growth produces an abnormally formed seed-
1.190.19 - for example, the dichotomous seedling, the forked stem seedling, and
the seedling which, because of the new main stem was produced by one of the
lateral shoots, has disarranged branches. The dormancy of lateral buds usually
is broken more easily than the dormancy of terminal buds, and accordingly, its
lateral buds open, while its terminal bud remains closed in the budding stage.
What is worse, the length of the growing season, which the seedling with lammas
shoots has, is longer than that which the normal one has. Hence, the period of
preparation for (winter) dormancy after the cessation of growth; i.e. hardening
period of the former is shorter than that of the latter. Especially, the hardening
period of the lammas shoot is very short. Then, they often suffer from abnormal
weather, insects, epidemic bacilli, and other things*'*****%  In the writer’s pre-
ceding observations®***” and that of other on the so-called “cold-damage” to
Todomatsu, such seedlings suffered worse damage than the normal seedlings.

ling

Although there is the particular case in which lammas shoot growth is ac-
celerated for the production of the big seedlings as a means to keep out the frost-
damage or to shorten the nursery stage, there is essentially no difference in the
shortening of the hardening period. Setting apart the nursery stage, trees in the
forest land suffer more from extensive management than the cultivated plants in
agriculture. Consequently, it need scarcely be said, such seedlings with lammas
shoots are poor nursery stock for shipping purposes.

Lammas shoots are often observed in a fixed and densely planted bed and
scarcely ever in a transplanted bed’. Also, they are produced as a result of an
abundance of available water in a year when it is warm and rains much, par-
ticularly, in early autumn'”. However, the environmental factor cannot explain
satisfactorily how the lammas shoot growth occurs or does not occur, and why
it differs among different seedlings. Besides such conditions of environment, the
luxual absorption of nitrcgen nutrition is favorable to the production of lammas
shoots™**™  and it is reported that lammas shoot growth is accelerated by the
use of nitrogen rich compounds™®**”. Whether lammas shoot growth occurs or
not differs among different tree species and different strains in a species. How-
ever the cause of lammas shoot growth is not yet clearly explained in spite of
he presence of some evidence suggesting that accumulation of inhibitors is a
factor in the development of dormancy®*. The clarification of this problem
may be important for the study of the nutritional reality of the seedling; that
is, for the appreciation of the nutritional metabolism of the seedling. And then
the bursting from the buds in lammas after the perfection of the current-year
buds may be interesting in consideration of the dormancy*®. And the temporary
summer dormancy in lammas seedling lasted from a few days to a few weeks,
while the winter dormancy has the long winter season of low temperature.
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Already KLEBS*, WAREING'”, and KRAMER™® studied this temporary summer
dormancy, but they did not form any definite conclusion.

From such a view point, the writer wished to examine physiologically lammas
shoot growth, and to investigate its quality due to the seasonal variation of the
nutrients in the seedling.

The study of the mineral nutrition of tree species in Japan was begun by
TsupA in 1909™%, and, in recent years, there are number of reports®®* 2
52,05,69,71,72,73,74,69,00,91,116, 1i8,122023,1%%). on) gtudies of the relation of absorption of each
nutrient element by different species at different rates at different times. Particu-
larly, there are IsHIHARA et al’s report™, UcHIDA et al’s™®, MizuTAa’s®,
Asaurs™, and Tsupa’s®™~*® for such studies of Todomatsu seedlings. Those
investigations have been carried out concerning the fertilization with mineral
nutrients, mainly, nitrogen, phosphorous, potassium, calcium, magnesium, and
other micro-nutrients in the water or soil cultures, and concerning the seasonal
variation of these nutrient contents in trees. But, in consideration of the balance
in the nutrient metabolism, we can not pass by carbohydrates which are the
main reserve food and the first products by photosynthesis besides the preceding
elements®™ > This is well known from KLEBS  theory of carbohydrates to
nitrogen ratio in the flowering, namely, the environmental condition favorable for
flowering (reproductive growth) accelerates simultaneously with the photosynthesis
and, accordingly, with the assimilative products — reserve carbohydrates. On
the other hand, mineral nutrient, especially, nitrogen accelerates vegetative
growth, while, at the same time, tends to control the flowering. Therefore, the
flowering occurs at the time when the reserve carbohydrates predominate over
nitrogen compounds in the plant tissues. This theory was negated thereafter,
but such consideration of the relation among the mineral nutrients and carbo-
hydrates may be essential for the knowledge of the nutrient metabolism.

Hitherto, the top to root ratio, the top length to diameter (at base) ratio™,
the antitoxic reaction of the seedlings to potassium or sodium chlorate ™%
1,20 and contents of organo solutes*™ were examined as the method which
indicates qualitatively the slenderness of the seedlings, and, recently, BAKER”
made a proposition to establish an index of slenderness; i.e. top length to top
dry weight ratio. Also, in the study of the frost-hardiness, carbohydrates®***"*>
64,80~82,84~85,101,105~107,100,110,112,125~127) (main]y  sugars), water soluble protein® %%,
polyhydric alcohols™”, anthocyanins®*, sulfhydryls (SH)**”, and others in ad-
dition to the osmotic pressure’®*?, the antitoxic reaction of seedlings to chlorate,
the dehydration resistance in hypertonic balanced salts*””, and the dye adsorption
degree'”, which indicates the frost resistance, were measured. There is no proof
that the above-mentioned elements increased directly the frost-hardiness, but it is
well known that these elements increase with the increment of the frost-hardiness.
Above everything else, sugars are most favorable in these studies.

Hence, the writer investigated the seasonal variations of nitrogen (the essential
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role as a constituent of amino acids, which are the building blocks of proteins),
phosphorous (a constituent of nucleoproteins and phospholipids, and the high-
energy bonds associated with phosphate groups which seem to constitute the chief
medium for energy transfer in plant), and carbohydrates for the clarification of
physiological quality in the seedling. And he inquired into the relationships
between nitrogen, phosphorous, and carbohydrates.

The writer wishes to express his deep appreciation to Emeritus Professor K.
Konpa for his encouragement throughout the course of this work for a thesis of
Agricultural degree, Hokkaido University, to Professor Y. SAITO and Assistant
Professor K. Muto for their continued guidance and cordial revision and to
Assistant Professor A. Sakai, Research Institute of Low Temperature Science,
who gave him kind guidance in the determination of carbohydrate contents.

The cost of this study was partly defrayed by a Grant in Aid for Scientific
Research from the Prefecture-of Hokkaido and the seedlings used in this experi-
ment were obtained from the Sapporo Nursery of the College Experimental
Forests, Hokkaido University.

Experimental part

General method and material

The experiment concerning the seasonal variations of each element was carried
out in the period from September, 1961 to April, 1963, excepting the determi-
nation of the height growth curve of 3-year-old seedlings in 1957.

In the dormant season from late September to early February, only carbo-
hydrates (total sugars, reducing sugars, and starch) were investigated as follows :
Samples were used from 5-year-old seedlings. The length of the lammas shoots
varied, but, in this experiment, 5 malformed seedlings without terminal shoot,
and 5 normal seedlings were selected at random. The lateral shoots which were
removed by razor from each seedling, were placed immediately in tarred weighing
bottles in the field ; their fresh weights were measured on a chemical balance in
the laboratory ; and they were put into the oven (2 hrs. at 110°C). After deter-
mination of dry weights, moisture contents were expressed on a dry or a fresh
weight basis. Samples were taken generally at 10 days intervals with several
exceptions, as exact weighing can not be expected in a wet-leaf condition. Fresh
weights were determined in the period from 14:00 to 15:00.

This procedure was performed at approximately 20 days intervals for the
comparison of moisture contents between the part of lammas shoot and the part
of current shoot in the same seedlings.

All of the lateral shoots which were taken at random for the determination
of reducing sugar concentration were placed in an oven (1 hr. at 100°C)™ and
then in another oven (24 hrs. at 60°C). Determination of reducing sugar concen-
trations was performed by OrAzAKI’s improved micro-BERTRAND method™),
and expressed as a ratio on the basis of the value obtained when the residue



518 Research Bulletins of the College Experiment Forests Vol. XXIV, No. 2

weight was taken away from a dry, or a fresh weight.

The experimental methods in the period from March, 1962 to April, 1963
were performed following the procedure of TAcAwa and his assistant’™ on
fresh potato material. Determinations of moisture contents were the same as
the preceding method, and, in this experiment, samples were taken at 9:00 in
accordance with TAGUCHTI’s report®. The 7-year-old fixed seedlings were used
as the material.

In part I of the experiment, the seedlings were 35.8 cm in average height,
1.0 cm in average diameter at the base, and the first sample was taken on May
29th, 1962, and the last sample on April 28th, 1963. In this nursery, some
seedlings, en masse, strongly suggested symptoms of malnutrition ; that is, ap-
parently, the growth of the new shoot was greatly reduced. This was due to
damage to the root by cutworms, but at least they grew somewhat and there
was no seedling which was presumed to die. By adding such seedlings to the
material, we could compare simultaneously the nutritional differences among the
seedlings which have different growth stages from each other. Immediately after
digging up carefully the material seedling in the field, it was brought into the
laboratory, and the roots steeped in water. Then, the seedling was carefully
washed to remove the soil from the roots, and the water on the surface of the
roots was absorbed by filter paper before the determination of their formal factors.

For chemical analysis in the period from April, 1962 to April, 1963, the
fresh material was used intact as in figure 0-2. The shoots removed from the
seedling were whittled again finely by a new razor blade and then mixed. A
part of them (about 1g) was put into the oven (2 hrs. at 110°C) for determination
of moisture content, and about 4g material was ground in the presence of a

Fresh material
total nitrogen
Homogenized with a little toluene<: total phos;?horo.us

extracted with 50ml of distilled water for 30 minutes.
total sugars

reducing sugars

water soluble nitrogen
water soluble phosphorous

filtrated — filtrate

residue

hydrolyzed with 100ml of distilled water and 10ml of 30%
hydrochloric acid tor 2.5 hrs.

filtrated ~—— residue

{iltrate — starch

Figure O-2. Chemical analysis of the shoots of Todomatsu seedlings.
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little toluene by a mortar and pestle, and then a material solution was made up to
total 20 mé with distilled water. This sample solution was used for the estimation
of total nitrogen and total phosphorous. Furthermore, the balance, approximately
4 g of material was ground up in the same way ; then the water soluble fractions
were extracted during a period of 30 minutes ; after that the residue was made
up to a total of 50 m¢ with distilled water. The extracted solution was separated
from the residue by centrifugal separator, and the washings left after cleaning
the residue 3 times was added to the filtrate and then made up to a total of
100 m¢ with distilled water for the estimation of water soluble nitrogen, water
soluble phosphorous, and total sugars.

A semi-micro-Kjeldahl procedure was adopted for total and water soluble
nitrogen analysis.

Estimation of phosphorous was carried out by the phosphorous-vanadous-
molybdic acid method® ™ as follows; after 2mé of 609 perchloric acid was
added to 5mé sample solution in 100 m¢ Kjeldahl flask, the flask was put in a
draft for oxidation decomposition. The colourless decomposition solution was
cooled and made up to 15 mé with distilled water. Then, after 30 minutes, 5 mé
of this solution was taken, and shaken with 10 N perchloric acid 0.6 mé, 0.02 M
ammonium vanadate 1.5m#¢, 0.2 M ammonium molybdate 3.0 m4, and distilled
water 4.9m/ in a 15mé measuring flask. The phosphorous content was esti-
mated by the SHIMAzU-KoTAKI photoelectric colorimeter at 470 my.

A deproteinized extract solution made by the use of zinc sulfate and barium
hydroxide was diluted with distilled water until it was found to contain 10-70 2 g
sugars per 2m¢ and used for total sugar determination in accordance with the
phenol-sulfric acid method® as follows ; 10 minutes after a 2m¢ dilute solution
was taken in test tube with 80% refined-phenol 0.05m¢ and conc. sulfric acid,
5mé. The test tube was well shaken and put in a water bath at 20-30°C for
10-20 minutes, and total sugar concentration was colorimetered at 490 my. The
residue after extracting water soluble fractions was simmered for 2.5. hrs. in
a reflux condenser to hydrolyze starch to glucose by 30% hydrochloric acid
10 m¢ with distilled water 100 mé, filtered, and washed. The filtrate and the
washing in this treatment were made up to a total of 200m¢ with distilled
water. Starch content of this solution was determined by either OkAzaKI's
improved micro-Bertrand™ method or phenol-sulphuric acid method'™.

The residue after washing was put in the oven (2 hrs. 110°C) for determi-
nation of its dry weight.

These results were expressed by the percentage of each element in milligrams
on the basis of the values obtained when the residue weight was taken away
from a dry or a fresh weight, as in the preceding description ; and on a dry or
a fresh weight, however, in part I, the two formers were omitted because of
time limitation.
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Part I. Growth grades and nitrogen, phosphorous, carbohydrate
contents in the seedling during the early growing stage.

The relation between growth pattern and nutrient metabolism in a tree may
differ among different tree species, different environment conditions, and different
hereditary factors, as in a cultivative plant*”. And the present studies on this
problem suggest that diameter growth is apparently due largely to the expenditure
of current photosynthate and is sensitive to environmental conditions, especially
water supply, and current-year growth of trees with short growing seasons, after
bursting their buds, is mostly influenced by the previous-year photosynthate®*”,
but those of trees with longer growing seasons use the products of current-year
photosynthesis for at least the latter part of their height growth®. In any case,
reserve food accumulated during the previous-year acts in the early stage of
current-year growth, and also the decrease of reserve food is generally larger in
the root than in the stem. This is also observed very much in the sprouting
after cutting™®.

It is well known that the largest part of the reserve food in trees is in the
form of carbohydrates, chiefly starch, and that fats are an important storage form
in some species. BAUER’s study® in 4-year-old fir seedlings shows that the
organic substance decreases 7% in the stem, 6% in the root from May 2nd to
May 14th, and the contents of nitrogen, phosphorous, and potassium decrease,
remarkably in current leaves, in the period from mid-May to mid-July as compared
with other elements. Todomatsu™, usually, makes about 60% of the shoot growth
within a 30 day pericd, beginning 10- or 15-days after bursting their buds, as
well as Jezomatsu. Then, it seems that the early shoot growth of Todomatsu
is influenced mostly by reserve food. Here, the writer investigated the general
relation between growth and reserve food of the Todomatsu seedling in the early
stage of its growth, because this relation is important in comparison to that in
the lammas growing stage.

Chapter 1. Growth grades in the seedling.

Although height growth patterns themselves differ from each other according
to hereditary potentiality, current weather condition, size of seedling, either trans-
planted or not, and other conditions. An example of the trend in Sapporo was
shown graphically in figure 0~1. These values were measured on 3-year-old
seedlings at 10 day intervals during the growing season of 1957. Namely, they
budded in early May, and completed a large part of their height growth in the
period from May till early or mid-June; and then their growth rate decreased
in late June. Thereafter, they grew slightly in the period from early July to
late July and, in late August, their growth could not be recognized. The sample
seedlings in the present experiment were collected and examined for their formal
factors and nutrient contents in the period from May 29th to June 22nd. Then,
sample seedlings contained seedlings in the first height growth stage, and those



Nutritional studies on the seedling of Abies sachalinensis MAST. (TAMARI) 521
Table I-1. Formal factors of seedlings (7-year-old, 1962}
Length| . F.oW,
Seed- Stem | of new rrlx)elfe;r L. of VEéfs}}llt F. W.|of new| Top: Inélfex
ling | Date |height| stem b root | ¢ 201 |t rootishoots| root 1 Remarks
shoot [tDase ot stem at top | ratio ds en-
No. | fem) | (cm) | (em) | (em) | (g) | (8) | (o) erness -
- damaged by
1 |May 29| 440 7.6 1.3 | 495 98.5 | 31.0 7.5‘ 3.2 24 cutworm
2 |June 1! 378 9.2 0.9 | 310 308 | 135 4.8 2.3 7.3
damaged heavily
3| » 5 29| 49| 08| 208 288| 90| 24| 26| 45 “TEEECIETY
4 » 71 440 13.3 15| 48.0 | 1189 | 58.0 9.5 2.1 2.3
damaged slightly
5 » 9| 330 5.7 0.9 | 250 433 | 143 39 3.0 37 by cutworm
6 » 11| 422 6.2 1.2 | 550 876 | 304 — 29 2.6
7 » 14| 29.0 9.8 1.0 | 295 356 | 140 45 2.5 4.3
damaged heavily
8 » 15| 345 22 1.0 | 160 404 | 17.3 3.6 2.3 4.3 by cutworm
9 » 19| 29.0 3.8 09, 280 25.5 95 2.6 2.9 6.9
. | damaged slightly
10 » 19| 175 7.0 0.8 | 21.0 159 | 115 24 14 5.5 by cutworm
11 » 22! 56,0 22.0 12| 420 | 101.2 | 450 | 122 2.3 2.0
12 » 22| 420 12.3 1.2 | 45.0 637 | 310 | 10.7 2.1 29
13 »n 22| 355 19.5 09 | 450 404 | 236 5.8‘ 1.7 3.4‘
Mean 35.8 95 1.0 | 351 55.8 | 237 5.4 — —
% ol o
cm T.R.RATIO STEM ROOT
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s
2
w x4 ot ot
g X2 o2 o'?
o
z 17
Q10+ 7
= & xt X
(=]
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_§ oS of e x° 5.5
303 x3
997 X9
Se0? x8
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F. W. of Root (9) 20 40
F. W. of Stem (9) 50 100
T. R. Ratio 2 3
Figure I-1. Relationships among length of new stem shoot and fresh

weight of stem, fresh weight of root, and top to root ratio.
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Figure 1-2.  Relationships among fresh weight of new shoots at top,
of stem, of root, and top to root ratio.

in the decreasing stage of their growth.

Table I-1 presents the growth grades of sample seedlings. The growth grade
of each seedling was indicated as “Length of new stem shoot” and “Fresh weight
of new shoots at top” (containing new terminal and lateral shoots), and relation-
ships among these growth grades and other formal factors was presented graphi-
cally in figure I-1 and I-2. Growth grades of the seedlings damaged by cutworm
were less as compared with those of normal seedlings, and the growth grades
of those damaged by cutworm were shown in lower fresh weights of roots, and
in abnormally large values of top to root ratios in comparison with normal seed-
lings. There was a positive trend in the relation of growth grades as compared
with fresh weight of stem and root, and this trend was more distinct in relation
to fresh weights of new shoots at the top (Figure I-2) than those of the length
of the new stem shoot as compared to the fresh weight of stem and root (Figure
I-1). And also, growth grades of normal seedlings had more deep positive relation
to fresh weight of root than to that of stem, but the seedling damaged by cutworm
and sampled on June 22nd had a rather contrary relation. The top to root ratio
of normal seedling in the present experiment showed the increasing tendency till
mid-June and thereafter gradually decreased. The negative trend in relation of
grades of top to root ratios was shown strikingly in figure I-1, but, in figure
I-2, could not be determined clearly. The seedling damaged heavily by cutworm
and sampled on June 22nd showed exceptional values in these relations.
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The index of slenderness of the seedlings was presented in the ratio of
stem height per dry weight and was very variable, and that of damaged seedlings,
except No. 1 seedling, was larger than normal seedlings in top to root ratio.
Moisture contents ranged from 729 to 849 and the seedlings collected on June
22nd were lower in particular.

Chapter 2. Nitrogen contenis and growth grades™”.

The seasonal variation in nitrogen content was shown in figure II-2.1 and
II-2. 2.

Concerning the present experimental term, total nitrogen concentration de-
creased greatly during May and slightly in early to mid-June, and began to increase
slowly after mid-June, but water soluble nitrogen kept a constant low level from
early to mid-June and showed a distinct tendency to increase in late June.
Accordingly, present seedlings were collected in the slow decreasing stage of total
nitrogen content and the constant concentration stage of water soluble nitrogen.
The increasing tendencies in total and water soluble nitrogen after mid-June
coincided with the decreasing stage of first height growth. Those trends were
well shown in the normal seedlings in table I-2; total nitrogen decreased to
about 0.409%, and water soluble nitrogen to about 0.10% in concentration until
mid-June, and the amount of increment after mid-June was more remarkable in
the latter than in the former quarter. But the damaged seedlings had higher
concentrations than the normal at any stage.

The relations between nitrogen contents and growth grades were shown in

Table I-2a.  Nitrogen, phosphorous, and reserved carbohydrate
contents in shoots of Todomatsu seedlings on a dry
weight basis. (7-year-old, 1962)

Seedling Nitrogi; L Phosphor\(g]us | Carbohydrates
No. Total N. %solu{a)terN. Total P. soluﬁer. Total C. | Sugars Starch
1 4.27 1.72 — — 414 1.13 3.01
2 3.03 1.60 — — 347 1.05 2.42
3 3.63 1.53 0.30 0.16 4.84 1.42 3.42
4 3.00 0.80 0.21 0.06 2.54 1.12 1.42
5 3.12 1.46 0.33 0.10 3.37 1.11 2.26
6 442 1.35 0.42 0.16 4.67 2.15 252
7 2.90 1.12 0.25 0.06 2.70 1.20 1.50
8 4.00 1.12 0.25 0.10 3.43 1.86 1.57
9 452 1.49 0.34 0.11 3.07 1.24 1.83
10 3.22 0.53 0.23 0.12 4.26 1.86 2.40
11 2.45 0.95 0.20 0.08 5.56 1.29 427
12 2.09 0.62 0.15 0.06 4.65 1.56 3.09
13 1.60 0.57 0.18 0.07 419 1.05 3.14
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Table I-2 b.  Nitrogen, phosphorous, and reserved carbohydrate
contents in shoots of Todomatsu seedlings on a fresh
weight basis. (7-year-old, 1962)

Seedling | ypo:crure Nitrogvevnt \ Phospho\gvous Carbohydrates
No. Total N"soluabler.\ Total P"\soluii)tleerP. Total C.‘ Sugars ] Starch
1 8L.7 0.78 0.32 — — 0.76 0.21 0.55
2 83.0 0.51 0.27 — - 0.59 0.18 041
3 80.8 0.70 0.29 0.06 0.03 0.94 0.28 0.66
4 84.1 0.47 0.13 0.03 0.01 0.41 0.18 0.23
5 79.4 0.64 0.30 0.07 0.02 0.70 0.23 0.47
6 813 0.83 0.25 0.08 0.03 0.87 0.40 0.47
7 813 0.54 021 0.05 0.01 0.49 0.23 0.26
8 79.9 0.80 0.23 0.05 0.02 0.70 0.38 0.32
9 83.7 0.74 0.24 0.06 0.02 0.51 0.20 0.31
10 80.1 0.64 0.10 0.05 0.02 0.78 0.37 041
11 72.3 0.68 0.26 0.06 0.02 1.54 0.36 118
12 75.7 051 0.15 0.04 0.01 113 0.38 0.75
13 74.6 0.41 0.14 0.05 0.02 1.08 0.27 0.81

figure I-3, I-4, and I-5. Nitrogen concentrations and growth grades in first
height growing stage had a negative relation, nitrogen concentration decreases
with developing growth, except for the seedlings severely damaged by cutworm
(No. 8, No. 9) and the normal seedlings collected in late June (No. 11, No. 13),
and also these trends were clearer in the relation of nitrogen concentration to
length of new stem shoot than that of fresh weight of new shoots at top. These
exceptional values were more distinguishable in the relation between water soluble
nitfogen and the growth grade than in that between total nitrogen and growth
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Figure I-3. Nitrogen concentration and length of new stem shoot.
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Figure I-5. Nitrogen concentration and top to root ratio

grade. Precisely, nitrogen concentrations in the seedlings damaged by cutworm

were lower than the normal seedlings particularly, No. 8 and No. 9 seedlings,
damaged heavily, showed markedly low concentration in water soluble nitrogen,

and normal seedlings increased in this respect in late June. The smallest seedling
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slightly damaged by cutworm presented a lowered value of water soluble nitrogen
concentration. The over-all curve of the present investigation in the relation be-
tween total nitrogen contents and length of new stem shoots strongly corresponded
with the seasonal variation during the period from late May to late June in total
nitrogen concentration as shown in figure II-2. 1. Nitrogen concentrations and
top to root ratios were in positive relation, containing the seedlings damaged by
cutworm and collected in the stage of decreasing first height growth. Especially,
the relation between water soluble nitrogen and top to root ratio was positive
linearly.

Chapter 3. Phosphorous contents and growth grades.

Phosphorous content, generally, was very indistinctive as coinpared with nitro-
gen or carbohydrates. According to figure II-3. 1 and II-3.2, the general varia-
tion of phosphorous concentration from May to July resembled that of nitrogen,
but the minimum concentration of water soluble phosphorous was obtained in
mid-June, while that of water soluble nitrogen was obtained in early June. The
total phosphorous content of sample seedlings ranged within 0.15-0.4295 on a
dry weight basis (and 0.03-0.08% on a fresh weight basis), and water soluble
phosphorous of the same ranged within 0.06-0.16% on a dry weight basis and
within 0.01-0.03%5 on a fresh weight basis as in table I-2.

Figure I-6 and I-7 are the graphs showing relations between phosphorous
concentrations and growth grades in the seedlings. The negative relation of
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Figure 1-6. 1. Phosphorous concentration and fresh weight
of new shoots at top.
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Figure 1-6.2. Phosphorous concentration and length of new stem shoot.
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phosphorous concentration to length of new stem shoot or fresh weight of new
shoots at top; the positive relation of the former to the top to root ratio; the
exceptional lower values in the seedlings damaged heavily by cutworm, and the
higher values in these collected in late June follow the pattern of nitrogen con-
centration. The lower values in the seedlings damaged heavily by cutworm were
more remarkable in the relation of phosphorous concentration to the length of
new stem shoot than in the relation of fresh weight of new shoots at top to
nitrogen. And such abnormal values in the seedlings heavily damaged were
spotted not only in relation of water soluble phosphorous concentration but also
in that of total phosphorous concentration to length of new stem shoot. This was
different from nitrogen.

In the relation between phosphorous concentration and top to root ratio,
abnormally higher values were obtained not only in the smallest seedling No. 10
damaged slightly by cutworm but also in the seedling No. 13 collected on June
22nd, and these seedlings had the lowest top to root ratio.

Chapter 4. Carbohydrate contents and growth grades.

Generally, total sugars and starch contents continued to decrease till late
May, but increased rapidly in the period from late May to mid-June and then
dropped again till late June and increased thereafter until early July. The first
increasing trend was more remarkable in starch than in total sugars, and the
latter, on the contrary, in total sugars than in starch. Also the starch content
decreased in mid-June as soon as the first height growth declined (Figure II-4.1
and II-4. 3). Total reserve carbohydrate contents of the seedlings in the present
experiment ranged within 0.41-1.549 on a fresh weight basis and 2.34-5.56%
on a dry weight basis, and also, on the whole, was much less in the seedling
damaged by cutworm than in the normal one collected in the same stage (Table
I-2). The seedling collected in late June showed a higher value, and this value
was larger than that of the seedling collected in late May. However, the total
sugar concentration showed a minimum of 0.18% and a maximum of 0.40%.
Hence, the aforesaid differences in total carbohydrate concentrations were due
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largely to the differences in starch contents. The relations among carbohydrate
concentrations and growth grades were presented in figure 1-8, I-9, and I-10.
Excepting the seedlings collected in the increasing stage of starch (No. 11-No.
13), other seedlings showed a negative relation of starch to length of new stem
shoot, and to fresh weight of new shoots at top. However, other seedlings
showed a positive relation of starch to top to root ratio. This trend was similar
to the relation of total carbohydrate to growth grades of seedlings. But total
sugars had no clear relation to the growth grades of seedlings. No. 10 seedling
took a remarkable higher value in relation of starch or total carbohydrates to
top to root ratio. The relations of the seedlings damaged heavily (No. 8, No.
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Table I-3 Relationships among nitrogen, phosphorous, and carbohydrate
concentrations in shoots of Todomatsu seedlings.

Seedling {Water soluble [Water soluble | Sugars/ . ‘

No. N/Total N|  P/Total P, Total C | - NP C/P 1 C/N
1 0.40 — 027 | — — \ 10
2 0.53 i - 0.31 | —_ — 11
3 0.42 0.53 0.30 122 16.1 1.3
4 0.27 0.29 0.4 14.1 121 0.8
5 0.47 0.29 0.33 9.3 10.2 ‘ 11
6 0.31 0.37 0.46 10.3 111 11
7 0.39 0.24 0.47 115 ‘ 108 \ 0.9
8 0.28 0.44 0.54 159 137 | 0.9
9 0.33 0.32 0.39 13.4 90 0.7
10 0.17 0.52 047 | 138 185 ‘ 1.3

11 0.39 0.38 0.23 119 27.8 2.3

12 0.30 0.40 034 | 139 310 ‘ 2.2

13 0.36 0.44 025 | 8.9 233 ‘ 26

9) dropped to markedly low points as in those of water soluble nitrogen, total
phosphorous, and water soluble phosphorous concentrations to top to root ratios.

Chapter 5. Interrelations among nitrogen, phosphorous, and carbohydrate
contents.

In table I-3, are shown the interrelations among the above-mentioned ele-
ments.

Water soluble nitrogen to total nitrogen (n/N) ratio was 0.17 {No. 10) in
minimum and 0.53 (No. 2) in maximum. The turning point from the decreasing
to the increasing trend was early June in water soluble nitrogen, while it was
mid-June in total nitrogen (Figure II-2.1 and II-2. 2) and, accordingly, n/N ratio
in normal seedling had a minimum value in early June (No. 4) and then increased
till mid-June (No. 7). Furthermore, the next decreasing trend began in late June
simultaneously in both concentrations, and this trend was more marked in total
nitrogen than in water soluble nitrogen. Therefore, n/N ratio, in average, de-
creased somewhat in the normal seedlings collected in late June. In the seedling
damaged by cutworm, it was shown that the changing stage in these ratios
dropped behind.

Total and water soluble phosphorous concentrations changed simultaneously
from the decreasing trend to the increasing trend in mid-June (Figure II-3.1
and II-3.2). The seedlings in this experimental period were a minimum of 0.24
and a maxithum of 0.53 in water soluble to total phosphorous (p/P) ratio, and this
range was more narrow than that of n/N ratio. The value in the normal seedling
had a minimum in mid-June and then increased to late June, and thereafter
dropped again. These ratios of the seedlings damaged by cutworm changed later,
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as in nitrogen.

According to figure II-4.1 and II-4. 2, generally, the ratio of total sugars
to total reserve carbohydrates (Su/C) ought to reach a maximum in late April,
thereafter decreasing until mid-June and then begin to increase in late June.
Then, in the sample seedlings of this experiment, the seedling damaged heavily
by cutworm (No. 8, collected on June 15th) reached a maximum of 0.54 and
the normal seedling collected on June 22nd (No. 11) showed a minimum of 0.23,
and, generally, a higher ratio was obtained in damaged seedlings.

The relation of starch to total carbohydrates (St/C) increased in inverse ratio
as compared to the ratio of total sugars to the latter (Su/C) throughout the
experimental period, because total carbohydrates were made up of total sugars
plus starch contents.

The variation in total nitrogen to total phosphorous (N/P) ratios was largely
influenced by the changes in total nitrogen contents, because the total phosphorous
content was lower, in quantity, than total nitrogen content. In the same way, the
relation of total reserve carbohydrates to total phosphorous (C/P) were influenced
by the total carbohydrates. Each ratio ranged from 8.9 to 15.9 in the former
and from 9.0 to 31.0 in the latter, and also it was noticed that the former was
variable and the latter, apparently, increased in mid-June.

The ratio of reserve carbohydrates to total nitrogen (C/N) in normal seedlings
showed a minimum value in early June (No. 4-0.8) and thereafter increased from
2.2 to 2.6 in the seedlings collected on June 22nd. The seedling damaged by
cutworm, No. 3 (collected on June 5th) had a 1.3 value in this ratio, and this
was much larger when compared with normal seedlings, No. 4-0.8. And also,
the heavily damaged No. 9 seedling showed a lower value of 0.7 on June 19th.

Chapter 6. Discussion.

If the reserve foods of the seedlings are indicated on the basis of their fresh
weights, their concentrations may be slightly different from each other according
to their moisture contents. And the investigation of the expenditure of reserve
focd was carried on not only in assimilation, but also considerably in respiration.
So far as, however, the moisture contents of the seedlings did not differ much,
we can deduce the approximate amount of reserve food contained in them from
their fresh weights. The expenditure of food for respiration, in evergreen trees
during the early growing stage, was compensated for to a certain extent, by new
food manufactured by photosynthesis.

The results in the present experiment under such an assumption show the
growth grades of Todomatsu seedlings, on the whole, tended in proportion to
their fresh weights. Whether or not the new tissues were really produced by
the expenditure of reserve focd was well shown in the relations of carbohydrate
concentrations, occupying the largest part of the reserve food, to growth grades
in these seedlings. In the period till mid-June, the higher the growth grade of
the seedling, the lower was the total carbohydrate concentration, especially starch
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content'. And the seedlings sampled on June 22nd showed more remarkable
concentrations of total carbohydrates, this being due to the increase in starch
content. Nitrogen and phosphorous concentrations had a similar relation, on a
small scale, to the growth grades in these seedlings, as mentioned above. Ac-
cordingly, from the two above-mentioned results, it is clear that the early height
growth of Todomatsu seedlings depended mostly on the reserve focd.

In Sapporo, the roots of the Todomatsu seedlings elongate in early March™”,
but their development progresses very slowly, even in the vigorous stage of shoot
growth, till their active growth beings in late June. The results obtained by
IwamoTo and SHIBATA™ on 5-year-old Todomatsu seedlings in Yamabe also
presented a distinct pattern of root development. Then, the top to root ratio of
the seedling increases during the active shoot growing season. The present data
also showed that the sample seedlings taken till mid-June increased in this ratio
during advancing growth grades, and the seedling collected on June 22nd showed
a lower ratio than that of the seedling collected in mid-June (about 3.0). Then,
the trend of early height growth of Todomatsu development on the reserves,
ceases in mid-June.

RaMann and BAUER™ reported that the fir decreased 7.195 in weight
of dry matter in the stem, 5.995 in the root as against a decrease in the case
of norway spruce of 6.0% in the stem, and 23.0% in the root, in the early
growing stage. As in figure II-1 and II-2, the growth grades of Todomatsu
took a slightly similar relation to both fresh weights of stem and root; and the
seedling damaged by cutworm showed a lower growth grade as compared with
the normal one at any stage. In spite of these results the writer could not
establish exactly that the expenditure of reserve food in Todomatsu seedling is
much larger in either stem or root part, because heavy cutting of roots by cutworm
may have resulted in reducing growth function with loss of reserve food.

It is commonly assumed that there is a striking relation between the amount
of growth and the expenditure of nitrogen' 14 A deficiency seriously
reduces growth owing to the demand for nitrogen largely for the production of
protein used in formation of protoplasm for new cells and for the formation of
chlorophyll. MURNEEK™ reported that of total nitrogen in an 18-year-old apple
tree, 759 was in the shoots, and nearly 2095 was in the leaves in October.
And also, in ARMSON’s study” on the 2-year-old white spruce seedlings, there
was a much larger nitrogen concentration in the secondary needles than in
any other part of the seedling. Thus, the most vigorous growth part has the
highest concentration of nitrogen ; hence, the difference in nitrogen concentration
between the same vigorous parts of two seedlings in a strain may correspond
mostly with that in their growth grades. This relation is clear in the present
results (Figure I-3 and I-4). Moreover, it was shown that the expenditure of
nitrogen in the early growth stage of Todomatsu was based largely on the reserves
in the tree, since, in the relation between growth grades and nitrogen concentration,
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the higher the growth grade was, the less the nitrogen concentration was, and
the seedlings whose roots were damaged by cutworm had a similar concentration
of total nitrogen as that of the normal seedlings.

Of all the seedlings sampled in early June, No. 4 seedling showed a higher
growth grade. However, the other seedlings sampled at the same time showed
a lower growth grade and had a much higher value in water soluble nitrogen
concentration and in n/N ratio than those sampled at other times of the year.
And also, those damaged heavily in mid-June showed low growth grades and
different values in their water soluble nitrogen concentrations corresponding to
the damaged state of their roots ; the higher the top to root ratio was, the larger
the value of total, water soluble nitrogen concentration, and n/N ratio were.
Through the early growth stage, the total nitrogen decreased in both the apple*™”
and Todomatsu trees™™*®. However, TAGAWA and SAKAT™*" reported that, in
the potato, the total and water soluble nitrogen contents reached a maximum in
early June owing to the increased amount of the latter, due to the amount
absorbed from the soil, because the reserve protein is available for the formation
of new tissues as soon as it is hydrolized in water soluble fraction, amino and
amide nitrogen. Such a trend was presented by the heavily damaged seedlings
(No. 8, No. 9) and was spotted in the abnormally low relation of water soluble
nitrogen to growth grades as compared with normal relation of total nitrogen
concentrations to growth grades, but, the maximum stage of nitrogen concentration
could not be determined in the present experiments.

As described previously, phosphorous contents decrease with advancing
growth grades in the early stage of growth as same as nitrogen. It seems that
the much lower concentration in the seedings damaged heavily by cutworm was
found not only in water soluble, but also in total phosphorous, because phospho-
rous compounds occur in both organic and inorganic forms and are readily trans-
located, probably in both forms, and that the increase of phosphorous concentration
begins in a later stage than that of nitrogen.

In the relations of nitrogen, phosphorous, and carbohydrate concentration
to top to root ratios in these seedlings, excepting those collected on June
22nd, and the smallest seedlings, on the whole, the former were in proportion
to the latter. If the early growth is influenced largely by the nutrients absorbed
from the soil, each concentration must decrease in proportion to the increase
of top to root ratio; hence, in the early growth stage of the Todomatsu
seedling, its growth also progressed probably at the expense of the reserves.
And, it has been presumed that the root at that time is under unfavorable
condition, low soil temperature, for absorption of the nutrients from the soil.
ULricH™ reported that, in barley, K-absorption in 5°C water was 1/4 of that
in 35°C water.

The change of n/N ratio, from decreasing to increasing, occurred in early
June, that of p/P ratio in mid-June, that of C/N ratio in early June. N/P and
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C/P ratios were largely influenced by the values of nitrogen and carbohydrates
alone, because phosphorous content was much less, in quantity, in comparison
with the other elements. In the seedlings damaged by cutworm, these changes
begin later as compared with normal ones, because, probably, the onset of their
growth begins later than the latter.

Chapter 7. Summary.

In order to compare the variations of nitrogen, phosphorous, and carbohydrate
contents in the lammas growing stage with that in early spring, the writer ex-
amined these contents in new shoots of 7-year-old Todomatsu seedlings in the
early growing stage with their growth grades in the same stage and obtained
the following results ;

1. Growth grades were in proportion to the fresh weights of stems and
roots, and nitrogen, phosphorous, and carbohydrate concentrations, particularly
remarkable in starch, decreased with developing growth.

2. As soon as mid-June was gone, each concentration began to increase,
markedly in starch and water soluble nitrogen, in contrast with the decreasing
trend in top to root ratio.

3. The seedling whose roots were damaged by cutworm showed much less
growth grade, and higher value, in each concentration as compared with the
normal one at any stage. And also, the changing point from decreasing to
increasing in n/N, p/P, and C/N ratios of the damaged seedlings began later
than those of the normal seedlings.

Part 1I. Seasonal variations in nitrogen, phosphorous, and carbohydrate
contents.

Chapter 1. Moisture and residue.

Many investigators reported the seasonal cyles in tree moisture contents. In
general, tree moisture contents increase in the vigorous growing stage and decrease
with the differentiation of the tissues followed by the cessation of its growth in
the period from autumn to winter.

Moisture contents of Todomatsu seedlings (Figure I1-1.1) increased rapidly
in late April and showed a maximum value, in late May after bursting, of 83.4%.
Thereafter, they decreased to 70.6% in early July and then increased to the second
peak (78.5%) in mid-August, having a small peak in mid-July. Namely, they had
two big peaks in the growing season. Concerning the period from the second
peak in mid-August to early February, they decreased gradually to 53.4%, and
this decreasing trend was more remarkable in late summer than in the dormant
season, and the former resembled that in the period from late May to early July.
The values of 5-year-old seedlings in the dormant season of 1961 showed a trend
similar to that of 1962. In the period from early February to early April, they
showed variable curves. This was presumably due to the climatic condition,
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Figure I1-1.1. Seasonal variation of moisture contents in Abies
sachalinensis MAST. (Todomatsu) seedlings (5-year-old in
1961, 7-year-old in 1962-1963) on a fresh weight basis.
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Figure 1I-1.2. Seasonal variation of residue contents in Abies
sachalinensis MAST. (Todomatsu) seedlings (5-year-old in 1961,
7-year-old in 1962-1963) on a dry or a fresh weight basis.

because, in the dormant season from 1962 to 1963, the weather was abnormal.
In particular, the snow melted for a while in early February to below the seedling
height and then it snowed again until it covered the seedling. The minimum
value was 53.19% in mid-March, but, in early February, moisture contents were
53.4% in 1963 and 53.7% in 1962 (5-year-old seedling). The different values
obtained in mid-April between 1962 and 1963 also seemed to be because of
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different weather conditions.

Residue (Figure II-1. 2) ranged from 5.6% to 23.4% throughout the experi-
mental period, and the maximum content was reached in mid-March, and the
minimum content in late May on a fresh weight basis. On a dry weight basis,
its maximum content was reached in late February (54.3%5) and its minimum
content in early May (23.79%).

Generally, they took an inverse curve to moisture contents. This phase
was observed in sharp decreasing trend of residue as compared with rapid incre-
ment of moisture, though at times there were slight exceptions. The increasing
trend after early May reached 22.99 in late December and thereafter decreased
slightly until mid-April by about 5% on a fresh weight basis. The fluctuations
from late June to mid-Augst corresponding to moisture changes were on a small
scale in comparison with those from mid-April till early May. It seemed that the
changes during March corresponding to moisture changes were due to abnormal
weather, and then, usually residue contents scarcely varied from December to
mid-April.

The curve on a dry weight basis had more flexible variation than that on
a fresh weight basis.

Chapter 2. Nitrogen.

1) Total nitrogen.
Seasonal variation of total nitrogen was graphed in figure 1I-2.1 on a dry
(B) or a fresh (D) weight basis and on a dry (A) or a fresh (C) weight basis
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Figure 11-2. 1  Seasonal variation of total nitrogen in Abies sachalinensis
MasT. (Todomatsu) seedling (7-year-old) on a dry (B) or a fresh
(D) weight basis and on a dry (A) or a fresh (C) weight basis after
removal of residue weight.
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after removal of residue through starch-hydrolysis. The same applies to the
other elements that follow, and the writer, mainly, explained these results in
concentration (C).

The distinct increasing trend of total nitrogen concentration (Figure II-2. 1)
in late April resembled that of moisture contents, and the maximum concentration
was 2.30% in early May. However, total nitrogen concentration decreased rapidly
as soon as May set in and continued to decrease until about early or mid-June.
Such changes from increasing to decreasing concentration were observed 5 times
throughout this work, namely, in early May, late June, September, ealy February,
and mid-March. Above all, the change in early May was most apparent, and
others were on a smaller scale as compared with former. They remained fairly
constant during June and began to increase slowly about early July and had the
second peak in early September. The decrease during September was small (0.34
9). The general increase after early October continued until early February,
but the amount of increment in concentration was limited to 0.449%. Their
concentration in mid-April was 1.59% in 1962 and 0.76% in 1963, and the former
was about twice as large as the latter.

2) Water soluble nitrogen.

Water soluble nitrogen varied more flexibly than total nitrogen in the latter
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Figure 1I-2. 2. Seasonal variation of water soluble nitrogen in Abies
sachalinensis MAST. (Todomatsu) seedling (7-year-old) on a dry (B)
or a fresh (D) weight basis and on a dry (A) or a fresh (C) weight
basis after removal of residue weight.
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part of the growing season. The maximum value of water soluble nitrogen con-
centration was measured in early October (0.5195), while that of total nitrogen
was measured in early May ; but the minimum value of the former was 0.05%
in early or mid-June about the same as that of the latter. The rapid decrease
of water soluble nitrogen in early May, and then, the gradual decrease until early
June corresponded to that of total nitrogen. Increment in late April could not
be detected on a fresh weight basis but it was observed on a dry weight basis
in about 0.595. The decreasing phase in the growing season was shown strikingly
in early August and early September, and also in early May. But the second
decreasing trend of water soluble nitrogen differed from that of total nitrogen. In
the dormant season, they decreased to 0.295 from early October to mid-November
and thereafter increased gradually to 0.439 in early February. In the latter part
of the dormant season, they showed a fairy constant concentration in compariscn
with the variable curve for total nitrogen. Over the entire year, water soluble
nitrogen content was much greater in the developmental stage of the root than
the others. This was indicated more clearly in a dry matter than in concentration.

Chapter 3. Phosphorous.

1) Total phosphorous.
A maximum content of total phosphorous was 0.17% in concentration and
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Figure I11-3. 1. Seasonal variation of total phosphorous in Abies
sachalinensis MAST. (Todomatsu) seedling (7-year-old) on a
dry (B) or a fresh {D) weight basis and on a dry (A) or a
fresh (C) weight basis after removal of residue weight.
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0.76% in dry matter. Accordingly, phosphorous concentration was indicated less
variation the year through, as compared with the variation of the other elements.

The curve of total phosphorous concentration varied much more than that
of nitrogen does, and these indications were remarkable in the periods from the
latter part of dormant season to May and from late summer to autumn. They
decreased sharply in early May the same as nitrogen, continued to decrease during
May and then showed an approximately similar low concentration from late May
to late July. They reached a minimum about mid-July but, in mid-June, they
showed a low concentration approximately the minimum. Except for the domant
season, a maximum value was obtained in early May, and also, in early October,
a close concentration similar to that in early May occurred. In dormant season,
they kept about 0.195 concentration and reached a maximum concentration
throughout this work in early February. The extreme variations in the latter
part of the dormant season could not be observed for the curves of total and
water soluble nitrogen, and water soluble phosphorous concentrations.

2) Water soluble phosphorous.

In comparison with total phosphorous, the curve of water soluble phosphorous
concentration varied little with time. This relation between total and water soluble
phosphorous concentrations differed from that between total and water soluble
nitrogen. Water soluble phosphorous concentrations were limited to from 0.01%
to 0.06% (Figure I1-3.2). The phase in early spring differed from that of other

%
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Jan. Feb. Mar. Apr. May  June - July Aug. Sept. Oct. Nov. Dec.

Figure II-3.2. Seasonal variation of water soluble phosphorous in
Abies sachalinensis MAST. (Todomatsu) seedling (7-year-old) on a
dry (B) or a fresh (D) weight basis and on a dry (A) or a fresh
(C) weight basis after removal of residue weight.

elements. Namely, their concentration indicated no rapid increase in late April
and the clear and also sharp decreasing trend was shown in mid-May, while
that of others was in early May.

Chapter 4. Carbohydrates.

1) Total carbohydrates.
Total carbohydrates in figure II-4. 1 are the values obtained by adding total
sugars to starch.
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Figure 11-4. 1. Seasonal variation of total carbohydrates in Abzes
sachalinensis MAST. (Todomatsu) seedling (7-year-old) on a dry
(B) or a fresh (D) weight basis and on a dry (A) or a fresh
(C) weight basis after removal of residue weight.

The special features in seasonal variation of total carbohydrate concentration
were that their concentration decreased sharply in the pericd from mid-April to
mid-May after reaching a maximum (3.10%;) at about mid-April and that they
had a more variable curve in the growing season as compared with a steady curve
in the dormant season. The values measured in 1962 for 5-year-old seedlings
in the dormant season showed a similar and steady curve. The decreasing trends
in early spring were shown in early May not only for nitrogen but also for
phosphorous concentrations. However, this phase in total carbohydrate concen-
trations corresponded to the sharp increase in moisture contents and decrease in
residue contents in the same period. The slow increasing trend accelerated sud-
denly in late November in 1961 and in early December in 1962.

2) Total sugars.

Total sugar concentration was 0.27% at a minimum in early August and
2.1095 at a maximum in mid-January. In early spring, total sugar concentration
had no increasing trend as did water soluble nitrogen. The decrease of total
sugar concentration before setting in of the growing season was indicated already
in mid-April, 1962 and in mid-January, 1963. The increase of total sugar con-
centration after cessation of growth accelerated markedly in late November, 1961,
and in early December, 1962. Accordingly, the sudden increase of total carbo-
hydrate concentration in mid-winter was mainly due to total sugar increment.
And also, in the other stages, total carbohydrates fluctuated in a manner similar
to that of total sugars.
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Figure II-4.2. Seasonal variation of total sugars in Abies sachalinensis
MAST. (Todomatsu) seedling (7-year-old) on a dry (B) or a fresh
(D) weight basis and on a dry (A) or a fresh (C) weight basis after
removal of residue weight.

3) Reducing sugars.

The curve of reducing sugar concentration with time resembled that of
total sugars, excepting late April, 1962, when reducing sugars began to decrease,
though the former has smaller fluctuations. And also, they increased gradually
in the former part of the dormant season. In both peaks, in early September
and in mid-January, of total sugars, the differences between total and reducing
sugar concentrations showed higher (0.72%, 0.65%).

Jan. Feb. Mar  Apr. May June July Aug. I Sept. Oct. Nov. Dec.
Figure 11-4. 3. Seasonal variation of reducing sugars in -Abies
sachalinensis MAST. {Todomatsu) seedling (7-year-old) on a
dry (B) or a fresh weight (D) basis and on a dry {A) or a
fresh {C) weight basis after removal of residue weight.
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4) Starch.'””

Starch contents in the growing season tended to resemble reducing sugar
concentration rather than total sugars, but, in the dormant season, they progressed
in different ways. As soon as the setting in of late March, starch contents
increased markedly and decreased immediately after reaching the maximum (2.09
9) in late April, and showed a sharper curve than the increasing curve in the
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Figure II-4.4. Seasonal variation of starch in Abies sachalinensis
MasT. (Todomatsu) seedling (7-year-old} on a dry (B) or a fresh
(D) weight basis and on a dry (A) or a fresh (C) weight basis
after removal of residue weight.
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preceding period. Increment of starch contents preceded the increasing trend of
moisture contents. This phase was observed not only in starch but also in total
and reducing sugars. Except for this change from increasing to decreasing in
April and low concentration in May, starch contents kept about 1,095 from June
to March of the following year. In the second experiment, a minimum content
for the whole year was 0.439% on a fresh weight basis (3.60% on a dry weight
basis) in late May.

Chapier 5. Interrelaiions among nitrogen, phosphorous, and carbohydrate

contents.

These ratios were presented in table II-1.

The n/N ratio kept the decreasing trend after bursting in mid-May till
late May and changed into the increasing trend slowly in early June, and then
increased markedly in mid-June. These behaviors were in reverse proportion
to the pattern of early height growth. Thereafter, there were small changes until
reaching a maximum value (0.55) about early October, and showed a continuous
decreasing trend as like as in the period before and after bursting stage. The
minimum value in early June was 0.1, and the values kept over 0.25. The
maximum stage in these ratios was the same as that of water soluble nitrogen
concentration. In the dormant season, the dropping of n/N ratio in the period
from early October to mid-November was very noticeable.
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Table II-1  Interrelations among nitrogen, phosphorous, and
carbohydrate contents-1.

St/C Su/C RS/C Su/St | Ro/5t | RS/Su

D¢ N LN L NJL N L N|L|N|L

| IX 26" 0541 057 | 046 | 0434 0.28 | 0.22 | 087 | 0.77 { 0.53 ‘ 0.39 | 060 | 051

X 4| 057 06l | 043 039 | 027 | 022 | 0.78 | 0.67 | 047 | 0.36 | 0.60 | 0.54

| X 16 0541 058 | 046 | 042 | 029 025 086 | 071 | 054 | 042 | 063 | 0.59
1961; X 24 054 057 | 046 | 0431 031 025 | 084 | 0.74 | 057 | 043 | 0.68 | 0.53
Xt 6 045 048 | 055 | 052 034 ] 026 | 123 | 1.09 | 0.76 | 055 | 0.62 | 0.50
Xl 16 041 | 051 | 059 | 049 | 035 0.31 | 141 | 097 | 0.83 | 0.60 | 059 | 0.62
XI 27 035 038 | 065 | 063 033 ] 033 | 183 | 167 | 094 | 0.87 | 052 0.52

X 12 035 0.37 065| 063 ] 041 | 038 | 1.89 | 1.73 | 119 | 1.05 | 063 | 0.61

mw 8| 032] 039 068 | 061 ] 036 | 037 213 | 154 | 112 | 094 | 053 | 0.61

vV 12| 057 | 057 | 043 | 043 | 0.30 | 029 | 0.76 | 077 | 053 | 051 | 0.69 | 0.66

'V 21 062 061 | 038 039 030 | 028 | 061 | 064 | 0.48 | 046 | 0.78 | 0.72

‘ v 2 — | 0.48 — | 052 — | 0.36 — | 1.09 — | 0.75 — | 0.69
e | V--12 | 055 | -0.68.1.045 | 042 | 026 029 | 081! 073 047 | 050 { 058 | 0.69
vV 22 — — — — — — — — 1 0.28 — — —
Tvi 2] 058 —]o042] — o023 —|o72| —| o3| —|o5 —
VI 12 | 0.60 — | 0.40 — | 0.18 — | 0.66 — | 0.29 — | 045 —
Vi22| 068 | 032 —|021| —|046| —| 030, —|066| —

Vi 2| 051|049 | 0.49 | 051 | 030 | 0.35 | 094 | 1.04 | 058 0.72 | 0.61 | 0.69
1962 VI 12 046 | 054 | 054 046 | 028 | 0.25 | 1.22 | 0.86 | 0.60 | 047 | 052 | 0.54
VI 23 051061 049 | 0391 035 | 026 097 | 063 | 069 | 042 | 0.71 | 0.67

Wl 2 069 077 032| 023] 021 ] 021 047 | 031 | 0.32| 027 | 067 | 0.89

Vi 13| 054 | 058 | 046 | 042 | 029 | 0.29 | 084! 074! 053 | 051 | 063 0.69

Wil 23| 056 | 054 | 044 | 046 | 023 | 0.26 | 0.80 {086 041 | 049 | 051 | 057

X 3| 040 | 032 | 060 | 068 | 022 | 020 | 1.48 | 210 | 055 | 063 | 0.37 | 0.30

X 13| 053 | 049 | 047 | 051 | 024 | 032 089 | 1.03| 045 066 | 050 | 0.63

X 21052 053] 049 | 047 | 028 | 025 | 094 | 089 | 055 | 0.48 | 058 | 0.54

X 22, 052| 047 | 048 | 053 | 026 | 029 | 092 | 1.14 | 049 | 0.61 | 054 | 0.54

XI 12| 052 | 056 | 048 | 044 | 036 | 039 | 093 | 0.80 | 069 | 070 | 0.75 | 0.87

X 5| 042 | 046 | 058 | 054 | 051 | 064 | 1.39 | 1.16 | 123 | 1.38 | 0.89 —
X124} 035} 031 | 065 | 069 | 045 | 043 | 189 | 222 | 131 | 139 069 0.63

I 14 032 031 068 | 069 | 047 | 044 | 212 | 224 | 146 | 142 | 069 | 0.64

o 4: 03| 031} 064 | 069 | 049 | 041 | 1.79 | 228 | 1.35| 136 | 0.76 | 0.60
m25: 0381 033 063 067 | 048] 043 | 167 | 206 | 1.28 | 133 | 0.77 | 0.64
1963 m 5| 040 036} 060 064 | 035] 037 | 1471 178 | 0.87 | 1.02 | 059 | 057
{15 042 | 036 058 | 064 | 044 | 045 ) 1.37 | 1.74 | 1.05 | 1.24 | 077 | 071
25| 045 043 | 055 057 ( 033 | 035 124 131 075 080 060 | 061

Iv 8: 057 )| 049 043 | 051 | 031 | 026 | 0.76 | 1.06 | 055 | 053 | 0.72 | 050

v 18 063 | 058 | 037 | 042 018 | 021 | 059 | 0.73 | 028 | 036 | 048 | 0.49




Nutritional studies on the seedling of Abies sachalinensis MAST. (TAMARTI) 543

Table II-1  Interrelations among nitrogen, phosphorous, and
carbohydrate contents-2.

N C/N SUN | SwN | RSN
Date N[ LN L | N|L ' N | L 1 N L
wiz| 02 | 028| 195, 172| 111 | 097 | 084| 075 | 058 | 049
woal| 024! 020 205 | 161 | 127 | 098 | 078 | 063 | 061 | 045
v 2| 016 | 030 — | 049 | 027 | 023 — | 02 — | 018
V12, 014 | 010 089 = 069 | 049 | 040 | 040 | 029 | 023 020
v 22| o0l1 — — — | o4 — — — | 013 —
vi 2| 010 — 248 — | 144 — | 104 — | 056 —
viiz| 014 — | 345 — | 208 — | 13 — | o6l —
v 22| 034 — | 197 — | 134 — 062 — | 041 —
VI 2| 040 | 020 356 228 | 18 | 111 | 173 | 116 | 106 | 080
W12| 036 | 019 | 212 | 230! 088 | 123 | 113 | 106 | 059 | 057
1962 Vi 23| 030 | 022 | 219 | 242 | 111 | 149 | 108 | 093 | 076 | 062
W 2! 047 | 027 | 112 | 108 | 076 | 083 | 036 025 | 024 ' 023
W13| 030 | 028 | 134 | 166 | 073 095 | 061 | 070 | 039 @ 048
w23 038 031 119| 158 | 066! 085 | 053 | 073 | 027 | 042
X 3! 036| 033| 150 | 213 | 061 | 069 | 090 144 | 033 | 043
X 13| 026 | 022 | 147 143 | 078 | 070 | 069 | 072 | 035 | 046
X 2| 055 031 | 18 | 172 092 | 091 | 087 | 081 | 051 | 044
X 22| 033 041 | 182 | 214 | 095 | 100 | 087 | 114 | 047 | 061
X 12| 020 | 024 | 206 | 202 | 107 | 113 | 099 | 090 | 074 | 078
Xt 5| 031 | 024 206, 179 | 08 | 083 | 121 — | 106 —
X 24| 026 | 019 | 253 | 245 | 08 | 076 | 165, 169 | L1l4 | 106
‘ ,

114 027 | 013! 229 | 231 | 073 | 071 | 156 | 160 | 107 | 1.02
m 4] 031 024 | 201 244 | 072 | 084 | 129 | 169 | 098 | 101
W25 035 | 033 | 224 | 266 | 084 | 087 | 140 | 179 | 107 | 115
W 5| 034 034 | 28 | 310 | 116 | 111 | 170 | 199 | 100 | 114
1963 15| o025 | 025 | 254 | 285 | 107 | 104 | 147 | 181 | 113 | 129
m25| 040 | 020 | 336 | 288 | 150 | 125 | 1.86 | 164 | 113 | 100
W 8| 03| 022 250 | 287 | 175 | 140 | 134 | 148 | 096 | 073
W18| 02| 027 361| 368 | 226 213 | 134| 155 | 064 07
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Table 1I-1 Interrelations among nitrogen, phosphorous, and
carbohydrate contents-3.
{ St/n 1 Su/n RS/n n/p
Date | N, L | N | L N. L N L
i v 12 “ 4.29 | 3.53 3.27 | 272 2.27 1.79 14.14 | 14.33
| v 21 | 5.23 4.83 3.20 3.10 2.50 2.24 14.81 9.35
} v o2 1.75 0.79 — 0.87 — 0.60 12.41 9.85
Pvo12 3.53 4.00 2.87 2.90 1.67 2.00 5.77 4.76
vV o22 4.30 — — — ‘ 1.20 — 10.00 —
1‘ VI 2 14.40 — 10.40 — 5.60 — 3.85 —
VL 12 | 1457 — | 9 — 4 = ue —
P22 | 3% — | 181 e — | o3 —
i 2 4.63 5.67 437 1 5.92 “ 2.68 ‘ 4.08 11.88 6.32
oV 12 2.76 6.44 3.19 5.56 ‘ 1.67 3.00 11.05 3.46
1962‘ Vi 23 3.68 6.70 3.58 4.20 ‘ 253 2.80 7.04 6.67
i W 2 1.63 311 0.77 0.95 i 0.51 0.84 9.21 12.67
| w13 241 3.39 2.03 250 ©  1.28 1.72 7.63 8.18
vl 23 1.73 271 1.38 2.33 0.70 1.33 9.52 7.00
1 X 3 1.67 2.11 2.48 443 091 1.32 11.22 7.00
X 13 2.96 3.21 2,64 3.32 1.32 211 8.48 4.04
X 2 1.69 2.96 1.59 2.63 0.92 1.42 9.27 I 5.71
X 22 2.85 244 2.62 2.79 1.41 1.50 7.21’3 6.18
X 12 5.35 471 4.95 3.76 3.70 3.29 541, 412
Xt 5 275 3.38 3.81 — 3.38 4.67 6.04 3.48
X1 24 3.38 4.05 | 6.38 9.00 | 441 5.64 460 . 297
J | |
I 14 2.68 531 5.68 11.88 3.92 7.56 12.33 8.00
n 4 2.30 3.10 412 7.07 3.12 421 8.27 4.75
m 25 243 2.67 4.05 5.50 311 3.53 7.55 4,92
i m 5 3.53 3.23 4.94 5.77 2.90 3.30 6.46 5.88
1963 m 15 4.26 4.16 5.81 7.24 448 5.16 5.74 321
I 25 3.72 4.36 4.62 5.73 2.79 3.50 8.53 4.89
v 8 4.52 6.32 345 6.68 2.48 3.32 5.74 317
v 18 10.12 7.76 6.00 5.65 2.88 276 3.47 3.21
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Table 1I-1  Interrelations among nitrogen, phosphorous, and
carbohydrate contents-4.
p/P B C/P 1 N/P St/

Date N LN L | N L. NL
w12 0.40 0.43 | 43.06 38.43 22.08 22.29 2444 | 2171
v 21 0.30 0.40 37.87 29.49 18.43 18.33 23.48 } 17.95
v 2 0.22 0.48 — 7.87 1756  16.03 481 3.76
v 12 0.31 3 0.24 11.57 7.84 13.01 1 11.36 6.39 : 455
v 22 0.16 | — — — 14.92 — 7.05 —
‘ 2 0.22 \ — 21.38 — 8.62 — 1241 —
‘ Vi 12 0.15 — 42.25 — 12.25 — 25.50 | —
] VI 22 0.43 — 22.64 — 11.51 — 15.47 i —
i 2 0.37 0.37 39.77 26.73 11.16 11.73 20.47 1 13.08
VI 12 0.50 0.57 32.89 23.48 15.53 10.22 15.26 i 12.61
1962 | VE 23 0.49 0.36 25.09 25.95 11.45 10.71 12.73 ‘ 15.95
m 2 0.70 0.28 15.56 14.26 13.89 |, 13.15 1056 | 1093
i 13 0.42 0.42 14.33 20.00 10.67 | 12.08 7.78 : 11.51
i 23 0.53 0.54 15,70 18.93 1316 | 11.96 8.73 10.18
X 3 0.52 0.59 2418 2691 16.08 : 12.65 9.75 8.68
IX 13 047 1 0.66 2243 17.46 15.29 i 12.25 11.86 8.59
X 2 0.44 0.46 13.36 14.57 7.44 i 8.48 6.88 7.72
X 22 0.55 0.65 21.36 21.19 11.86 1 9.88 11.28 9.88
X1 12 1.45 0.59 2512 20.46 12.20 10.11 13.05 11.38
X 5 0.51 0.59 20.19 1.569 9.81 ? 8.45 8.46 6.98
X1 24 0.52 0.59 23.39 22.96 9.26 1 9.36 8.10 712
I 14 0.29 0.19 29.43 26.44 12.86 11.44 943 8.17
4 0.30 0.45 15.95 21.85 7.92 8.96 572 6.67
o 25 0.43 0.58 20.87 23.33 9.30 8.76 7.83 7.62
m 5 0.29 0.45 15.67 23.89 5.49 7.70 6.34 8.58
1963 LIt 0.40 0.49 2325 18.04 9.15 6.33 9.83 6.58
m 25 0.47 0.43 33.15 21.14 9.86 7.33 14.79 9.14
v 8 0.45 0.48 20.58 19.€0 6.67 6.83 11.67 9.52
v 18 0.45 0.49 25.14 20.92 6.97 5.69 15.78 12.11
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Table I1I-1  Interrelations among nitrogen, phosphorous, and
carbohydrate contents-5.
Su/p RS/p St/p Su/p RS/p
Date N | L | N | L |N|L | N|L|N]|L
i w 12 1861 | 16.71 | 12,92 | 11.00 | 60.69 | 50.67 | 46.21 | 39.00 | 32.07 | 25.67
: w 21 1438 | 1154 | 11.24 8.33 | 77.41 | 4516 | 47.41 | 29.03 | 37.04 | 20.97
V2 —| 4m| —| 284 2172| 779 —| 853| — | 588
v 12 5.18 3.30 3.01 227 2038 | 19.05| 1654 | 13.81 9.62 9.52
v 22 — — 197 — | 43.00 — — — | 12.00 —
Vi 2 8.97 — | 4.83 — | 55.38 — | 40.00 — | 21.54 —
vi 12 | 16.75 — | 1750 — 1170.00 — | 111.67 — | 50.00 —
Vi 22 7.17 — | 472 — | 35.65 — | 1652 — | 10.87 —
i 2 19.30 | 13.65 | 11.86 9.42 | 55.00 | 3579 | 51.88 | 37.37 | 31.88 | 25.79
VI 12 1763 | 1087 | 9.21 | 587 | 3053 ! 2231 | 3526 | 19.23 | 18.42 | 10.38
1962| VI 23 | 12351 10.00 i 873 | 6.67 2593 | 4467 | 2519 | 28.00 | 17.78 | 1867
m 2 5.00 3.33 3.33 2.96 | 15.00 | 39.33 7.11 | 12,00 4.74 | 10.67
i 13 6.56 8.49 411 5.85 | 1942 | 2773 | 1553 | 2045 974 | 14.09
m 23 695 875 354 | 500 | 1643 | 19.00 | 1310 | 1633 | 6.67 | 933
X 3 14.43 | 18.24 5.32 544 | 1878 | 14.75 | 27.80 | 31.00 | 10.24 9.25
X 13 10.57 8.87 529 | 563 | 2515 1293 | 2242 | 1340 | 11.21 8.51
X 2 648 | 685| 376 3.70| 1564 | 1690 | 1473 | 1500 | 855 | 8.10
X 22 | 1035 | 1131 5.58 6.07 | 2064 | 1509 | 1894 | 17.27 | 10.21 9.27
XI 12 1207 | 908 | 902! 793 2892 | 1941 | 2676 | 1549 | 20.00 | 13.53
X 5 | 11.73 — 11038 | 966 | 1660 | 1174, 23.02 — | 2038 | 16.23
X1 24 | 1529 | 1584 | 1058 | 9.92 | 1556 | 12.03 | 29.37 | 26.76 | 20.32 | 16.76
I 14 20.00 | 1827 | 13.81 | 11.63 | 33.00 | 4250 | 70.00 | 95.00 | 48.33 | 60.50
o 4 10.23 | 15.19 7.75 9.04 | 1904 | 1475 | 34.04 | 3361 | 25.77 | 20.00
oL 25 13.04 | 1571 | 10.00 | 10.10 | 18.37 | 13.11 | 30.61 | 27.05 | 2347 | 17.38
1963 m 5 933 | 1531 | 549 | 876 | 21.67 | 19.02 | 31.88 | 33.92 | 18.75 | 1941
m 15 1342 | 11.46 | 10.34 8.16 | 2447 | 13.33 | 33.40 | 2321 | 2574 | 16.54
M 25 | 1836 | 1200 | 1110 | 7.33 | 3176 | 21.33 | 39.41 | 28.00 | 23.82 | 17.11
v 8 892 | 1008 | 642 500 | 2593 | 2000 | 19.81 | 21.17 | 14.26 | 10.50
v 18 9.36 8.11 4.50 431 | 3510 | 2491 | 20.82 | 18.11 | 10.00 8.87
Remarks ;

St: Starch, C: Total carbohydrates, Su: Total sugars, RS: Reducing sugars,

N.: Normal shoot, L.: Lammas shoot, n: Water soluble nitrogen, N: Total

nitrogen, P: Total phosphorous, p: Water soluble phosphorous.
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The p/P ratios fluctuated in the range from 0.15 in mid-June to 0.70 in early
August. These fluctuations were more extreme as compared with that of n/N
ratios and the small changes occurred repeatedly even in the period before and after
bursting stage. There was a remarkable decrease to the extent of 0.3 from early
to mid-August and a constant value of about 0.50 in the period from late August
to mid-December, and then the decreasing trend of over 0.2 from mid-December
to mid-January, while there was a constant value in n/N ratics in that period.

St (Starch)/C and Su/C ratios kept 0.5 on the average throughout the year.
These two ratios exhibited fairy large changes in the growing season and kept a
nearly constant value of 0.5 from mid-September to mid-November. Then, the
former’s ratio decreased slowly to a minimum of 0.31 in mid-January in corre-
spondence with the increase of the latter’s ratio, because of the increase of total
sugar concentration in comparison with the constant starch content. The in-
creasing trend in the former’s ratio after mid-January was gradual and took a
value of over 0.50 when April began.

RS (Reducing sugars)/Su ratios were over 0.5 throughout the year, excepting
the low ratios in mid-June (0.45) and in early September (0.37), and a maximum
(0.89) in early December. Reducing and total sugar concentrations in the dormant
season showed a value about twice as high as those in the growing stage ; hence,
RS/C and Su/C ratios increased from autumn to winter, particularly the RS/C
ratio nearly double. RS/C ratios progressed nearly in parallel to Su/C ratios, on
the whole, but was inversely symmetrical to the curve of St/C ratio.

As mentioned previously, starch content increased temporarily before bursting.
Accordingly, RS/St ratio dropped rapidly at that time. And also, this ratio in-
creased in the former part of the dormant season, this being mostly due to the
increasing of reducing sugar concentration. Su/St ratio had sharp fluctuations in
mid-July and in early September.

C/N ratio varied in correspondence with the variation of starch contents; it
showed fairly large changes in the early growing season and kept increasing
gradually from early August to early March in accord with starch contents. The
minimum value was 0.89 in mid-May. Su/n ratio, in any stage, varied more
than the changes in C/N ratio and their pattern resembled the height growth
curves in the growing period. Because total sugars increased markedly in the
early part of dormancy, this pattern was swayed by the changes in total sugars.
And also, the Su/n ratio changed, on a small scale, in resemblance to the
variation in RS/n ratios.

The ratios of C/P showed much higher values in the vigorous stage of
growth than those of C/N ratios, because total carbohydrates had an increasing
trend in spite of the decrease of total phosphorous at that time. These trends
were also shown more noticeably in Su/p ratios.

The variation in N/P ratios was influenced mostly by the seasonal cycle of
nitrogen concentration because nitrogen was much larger in quantity than phos-
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phorous, and ranged within the values from 5.49 to 22.08. In the growing
season, their ratios took a value of approximately 10. However, they had the
largest value in April, 1962, and had the lowest value at that time in 1963.
The n/p ratio was estimated usually under 15, and tended to keep the value at
approximately 10 in the growing stage, though it repeated the fluctuations.

Chapter 6. Discussion.

GiBss™ stated that the deciduous species had a minimum moisture content
in September or October and an increasing trend after leaf-fall, while the
evergreen species showed a decreasing trend in winter, and that the latter was
more variable than the former in the seasonal variation of moisture contents.
And also, he reported that a maximum moisture content was recorded in late
September for Pinus Strobus, in late June for Larix laricina, and in November
for Tsuga canadensis. Thus, seasonal variations of moisture contents differs by
species™, varieties and strains®”. In Todomatsu, it was shown that they obtained
a higher value in the growing season, a maximum in mid-May, and decreased
in winter. In addition to these trends, there were two particular phases. The
first phase is that, in the growing season, two peaks were obtained in mid-May
and in mid-August. ACKLEY’s results” for Bartlett pear trees from May 15th
to August 28th and also Sakrar’s study"® for Morus bombysis Koipz. (Kuwa)
made no statement of this phase, while Okazax1™® figured the second peak in
mid-September for Cryptomeria japonica D. DonN (Sugi). Root elongation of
Todomatsu seedlings began vigorously in late June, decreased slowly in late
July, and developed again in late August of early September. Then, the second
peak in moisture contents corresponded to the latter’s root development, as well
as the beginning of early rapid growth. It seems that, in Sugi, its second
peak occurs later than that of Todomatsu, because the former has a longer
growing season than the latter.

Another particular phase is that the rapid increase of moisture contents
before bursting was presented in late April in 1962, but, in 1963, occurred tem-
porarily in early February. It is presumed that the rapid increase of moisure
contents in February, 1963 was caused by the abnormal weather conditions as
shown in table II-2. Concerning the seasonal variations of the other elements,
the influence of the weather was observed in the dormant season from 1962
to 1963. And also, according to the variations of maximum, and minimum
temperatures, and snowfall in the seedlings sampled in the nursery as shown in
figure 1I-6, the second particular phase was caused mostly by snowfall instead
of temperature.

Residue contents progressed reversely, on the whole, in correspondence to
moisture contents.

As mentioned in the experiment, part I, the demand for nitrogen was in
close relation to growth ; hence, nitrogen concentration varied in accordance with
growth cycle. A maximum value of nitrogen concentration was in late April
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Table 11-2 The average temperatures, minimum and maximum
snowfall in every ten days in Sapporo.

| 1941-1950 ' 1962-1963 Snowiall (1962-1963)

Month Decade . Mean ('C) ’ Mean {/C} |Minimum (cm)‘!Maximum (cm)
October early ; 124 11.2 — ‘ . =
” middle 10.8 10.1 — ! -
» late 8.1 79 —_ —
November early 6.0 | 9.0 — —
» middle 2.8 3.9 —- —
»” late 14 —21 29 35
December early —15 0.4 9 25
” middle —3.1 —0.1 11 19
»” late —4.8 —29 9 30
January early —58 i —35 9 19
» middle —4.8 —44 16 48
»” late —5.0 —6.0 35 53
February early -5.1 —40 34 43
” middle —5.3 -39 37 69
March early —-2.6 —14 26 45
» middle —1.3 2.0 -— 24
” late 0.2 2.6 4 8

& A
""" "’”J‘"“’lt‘f SN YN
T.IN 20cm ! PTH UNDER ERFTH

—mf

OCTOBER NOVEMBER FEBR}/JAR‘(

-

Figure II-6. Variation of maximum temperature, minium T., T. in 20 cm
depth underearth, and height of snowfall in the period from October,
1962 to March, 1963 at the Sapporo Nursery of the College Experi-
mental Forests, Hokkaido University.
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for Todomatsu, at the same time for apple leaves'”, and for white spruce 2-year-
old seedlings?, while it was in early June for potato ", on a dry weight basis.
Tsupa’s studies*™* for Todomatsu and TocHIAKI's experiment'® for Abies
homolepis (Urajiromomi) resulted in a phase similar to the writer’s pattern. How-
ever, these results were examined for total nitrogen contents, except for that of
the potato. In the seasonal variation of water soluble nitrogen concentration of
Todomatsu seedling, a maximum occurred in early October, and any rapid in-
crement in the period before bursting was not presented. It seems that, in Todo-
matusu, nitrogen is reserved in insoluble forms and therefore water soluble nitrogen
is kept under 0.509 concentration throughout the year.

Total nitrogen increased gradually from early September to early February.
TsutsuMI®” reported that, in Akamatsu (Pinus densiflora), 70-80% of the
current growth was produced during the period from April to May, and the
expenditure of nitrogen during that time was covered by the reserves in the
previous year, especially in the period from Octobzr to November. This behavior
was similar in Todomatsu. LEYTON®™ examined the relation bstween height
growth and nitrogen concentration of new leaves of sitka spruce and reported

that the optimum concentration of nitrogen to growth was 1.6% on a dry weight
basis. This optimum value for sitka spruce corresponded almost to the value in
the vigorous growing stage of Todomatsu sesdling, at a minimum level.

From May to June, water soluble nitrogen concentration took the lowest
value (0.10%), and fluctuated more extremely in the growing season in contrast to
the narrow range of variation of total nitrogen. SIMINOVITCH & BRIGGS™
stated that water soluble protein contents of Black Locust tree increased re-
markably in winter, and Sarai*®®, for Kuwa, and PARKER™, for Hedera heliz,
also signified this trend. Although Todomatsu had often values over 1.0%5 of
water soluble nitrogen content in the former part of the dormant season, thereafter
they decreased during October and kept about 0.5%, and presented no increasing
trend.

According to the results in phosphorous concentrations, total phosphorous
varied more repeatedly than water soluble phosphorous in contrast to the relation
of water soluble nitrogen to total nitrogen. Namely, inorganic phosphorous was
kept constant. As most substances can be utilized only in phosphate compound
forms by the plant and are changed into other forms by enzymes as soon as
they became a phosphate compound, it seems that the extreme changes of total
phosphorous concentrations were caused by organic phosphorous variation. The
decreasing trend of phosphorous concentration in spring begans more lately than
the other nutrient elements, and also phosphorous concentration increased lately
than those as stated in part I. MARRE et al®™ recognized this phase in tomato
ovaries. Their patterns resembled those of seasonal variation in nitrogen con-
centration, and they nearly agreed with Asanrs” and Tsupa’s"™*¥ results for
Todomatsu, and TocHIAKI's result® for Urajiromomi, though, in the latter’s re-
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sult, the decrease in the growing season proceeded till early July. Phosphorous
concentration was much lower in quantity as compared with nitrogen. Generally,
the phosphorous removal from the soil was the lowest, nitrogen the highest, and
potassium the intermediate for most species™. But, phosphorous concentrations
were influenced slightly by weather conditions.

Seasonal variation of carbohydrates have two important significations, one in
the early growing stage and the other in the hardening process. In the former,
as stated in experiment, part I, early growth of Todomatsu depends on either
reserve foods in the previcus year, or the products by photosynthesis at that time,
and in the latter, according to whatever pattern carbohydrates behave, Todomatsu,
with advancing hardiness, reacts also.

Of course, the amount of carbohydrates varies with parts, ages, and growing
stages of trees, hence the seasonal variation of the carbohydrate concentration
differs in accordance with the parts of a tree used as the experimental material.
For example, HEPTING® reported that, in April the reserve carbohydrate amount
of shortleaf pine (Pinus echinata MiLL.), including starch, sugars, and their
intermediate products, was 16.6% in the needles, 12.4% in the stem bark, and
2.49 in the stem woed on a dry weight basis. And also, the scluble carbo-
hydrates, after hydrclysis by 39 hydrochloric acid, in TacucHI's study™”, using
Kuwa graft-seedling, was 190.6 in the bark and 129.2 in the wood of the
shoots, 250.8 in the bark and 152.3 in the stem wood of the root stock, 328.9
in the root-bark and 185.9 mg/ecm® in the root-wocd. In this experiment, the
writer determined simultaneocusly the reducing sugars, total sugars, and starch
contents of one year’s lateral shoot containing needles and buds. He could not
use the terminal shoot as the material, becauses, in most cases, the seedling with
lammas shoots has none.

In the preceding HEPTING’s paper, the carbohydrate fluctuations were limited
within about 274 in stem wood and 727 in stem bark on a dry weight basis.
The writer’s experiment in Todomatsu showed that the fluctuations of carbohydrate
contents during the dormant season from 1961 to 1962 were within 3.1%5 in
total carbohydrates, 2.825 in total sugars, 1.87%7 in reducing sugars, and 0.9% in
starch on a dry weight basis. On a fresh weight basis, each fluctuation was
within 1.5, 1.2, 0.8, and 0.39%. Furthermore, during the period from April,
1962 to April, 1963, these values were 4.8, 5.1, 4.2, and 4.0% on a dry weight
basis, 2.5, 1.7, 1.3, and 1.72% on a fresh one. In PARKER’s study™ in the bark
of Pinus Strobus, sugar concentration increased nearly 1.57 in the period from
August to December, and this increment value agreed approximately with that of
Todomatsu. ’

HEePTING’s result indicated that reserve carbohydrate contents in the stem
showed a small number of fluctuations ; they showed higher contents from March
to June that at any other stage, and were nearly constant from July to March
of the following year. On a dry weight basis, Todomatsu (Figure I1I-5. 1 (B))
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tended to follow a pattern similar to the seasonal variation of shortleaf pine in
carbohydrates, but the former’s concentration increased noticeably from autumm
to winter. SIMINOVITCH et al.® pointed out maximum carbohydrate contents
in the period from October to November for Black Locust tree, and SABRON®
stated that a maximum of total reserve carbohydrate contents was obtained in
the leaf-fall stage for a deciduous species and in spring before bursting for an
evergreen species. Todomatsu had a maximum in mid-April in agreement with
SABRON’s result for an evergreen species.

Increasing trend of total carbohydrates before budding was largely due to
the increase of starch as stated in experiment, part I, and that, in the dormant
season, it was mostly due to total sugars. RUTTER™ stated that, in Pinus
sylvestris, starch content was high in April and early May, fell during late May
and June to a low level, recoverd somewhat in August, and fell again in September.
But, in Todomatsu, the recovering of starch in the growing season began already
in June, probably due to the difference in the onset of its growing period.

Total and reducing sugar concentrations varied approximately in parallel, and
they took lower values in the growing season and higher in the dormant season.
They increased from September to mid-December, particularly, from late No-
vember to mid-Dacember, and it was difficult to recognize the peak of starch
fluctuation at that season on a fresh weight basis. But, on a dry weight basis,
the starch fluctuation reached a peak in late October and took a decreasing trend
in the period when sugar increased and thereafter, in mid-Dzcembear, increased
somewhat again. Though this pattern varied more or less according to the weather
conditions of different years, similar behavior was shown in the secondary ex-
perimental period, and starch contents kept nearly constant. It is well known
that the increment of sugars, especially sucrose, from autumn to winter is due
to starch hydrolysis; hence starch decreases with the increasing trend of sugar
in that season. For example, WORLEY" reported that the relative amount
of starch decreased with a decrease in temperature and increased again with
a return to the higher temperature for Pinus ponderosa and Pseudotsuga taxifolia.
Concerning the 1961-1962 dormant season in this experiment, the fluctuations in
total sugars and reducing sugars were larger than that in starch, but the de-
crease of starch was much smaller in quantity as compared with the sugar in-
creasing ratio, and thereafter starch increased again to the maximum level. More-
over, the results of Todomatsu seedling in the 1962-1963 dormant season indicated
that, under favorable conditions, the evergreen tree species is able to cover the
expenditure of the reserves, especially starch, by the products of photosynthesis
at that time. GiBs®™ claimed that the winter increase in sucrose does not
account for all the missing starch, and WiLcox*™ suggested that this fraction is
used in phloem differentiation. It seems that, if the products by photosynthesis
in winter is equal to the expenditure for respiration, the decrease of starch content
may mostly correspond to the increase of sugars and that the relation between
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sugars and starch in a living tree is liable to vary with the weather conditions,
and the writer could not confirm clearly any such results from preceding reports.

According to OKAZAKI ™, sugar concentration in one year’s leaves of Todo-
matsu seedling increased more remarkably in winter than in summer and especially
mono-saccharide concentration was much higher in winter in comparison with
Jezomatsu (Picea Jezoensis Carr.). On the other hand, Saka1™ established
three fundamental types; viz. reducing sugar, sucrose, and intermediate types
according to the ratios of the carbohydrate constitution to the woody plants in
winter, and he found that Todomatsu belongs to the sucrose type. In SAKAIs
experiment, the leaves were also used as samples. In this experiment of one
year’s shoot, total and reducing sugars showed a similar increasing trend from
autumn to winter, and this increasing trend was more remarkable in total sugars
than in reducing sugars, and also differences between both sugars grew much
larger from late October in 1961 or early December in 1962. Namely, the
remaining sugars (=non-reducing sugars), deducting reducing sugars from total
sugars, (SAKAI recognized a large amount of this remainder as sucrose)*”, went
up markedly with the advancing hardiness though the amount of reducing sugars
was much larger than that of the remainder.

According to FaBricius’ study® on Norway spruce (Picea excelsa) and
PrESTON and PHILLIPS statement” on the shortleaf pine, it was shown that
the transformation of starch in the older stem is not so great as in the younger
stem. Moreover, SaToo and TAKEGOsHI' reported that starch fluctuation in
the new shoot of Quercus acutissima (Kunugi), a deciduous species, was six or
seven times as large as that of Q. myrsinaefolia (Shirakashi), an evergreen species,
throughout the year. These results show that one year’s shoot of the evergreen
species has a very narrow range in the variation of starch contents. Starch
contents of the new shoot in Todomatsu seedling varied within 0.3% on a fresh
weight basis in the first dormant season from 1961 to 1962 and, in the next
dormant season, was nearly constant. Black Loust tree had two peaks of
starch contents in early May and October®, and also Kuwa showed two peaks
similar to those in late April and mid-September®®. However, in Todomatsu,
the second peak after September could not be recognized distinctly. Thus,
there were clearly different modes in the variations of starch contents between
deciduous and evergreen species. KRAMER and KozLowskr™ presumed that the
evergreen species was more dependent on current photosynthesis for shoot growth
in the spring than on stored food, because the seasonal changes of carbohydrate
concentration in the evergreen species generally show much smaller fluctuations
than in the deciduous species, and that the latter accumulates them during the
summer, but the former accumulates them during winter, because of reduced
respiration and cessation of growth at that saason.

In Todomatsu, as stated previously, nitrogen, phosphorous, and carbohydrate
concentrations increased distinctly in winter, and, at least, its early growth was
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mostly dependent on the reserves from the previous year.

Su/St ratios varied in correspondence to the growth curve. In carbohydrate
metabolism, the relation between growth and reserve food was presented in the
balance between photosynthesis and expenditure resulting from respiration and
assimilation. The above ratio kept mostly under 1.00 in the growing season
and, in most cases, it was influenced by fluctuation of total sugars, because starch
was kept changeless. The decreasing trend in the growing season was also
presented in ratios of RS/C, Su/C, n/N, and p/P.

N/P ratio took 22.08 at a maximum and 5.49 at a minimum and was nearly
10 in the growing season. And also n/p ratio was 3.47 at a minimum and
did not exceed 14.81. PrREvVOT and OLLAGNIER®™ obtained 16 as N/P ratio in
leaves for maximum growth on oil palm, and LEYTON®™ examined the relation
between growth and N/P ratio in water culture and got 10 as the optimum value
for sitka spruce. The values of Todomatsu in N/P ratio during the growing
season agreed fairly with Leyton’s result for sitka spruce. As n/p ratio between
two more active element than total nitrogen and phosphorous tended to keep
approximately 10 in the growing season, it is presumed that this ratio suggests
the optimum value for growth of Todomatsu seedling, and, accordingly, that the
balance ratio among nutrient elements contained in normal growth seedling can
be applied for the determination of the balance among fertilization materials.

The p/P ratio dropped largely in mid-January as well as in the vigorous
growing stage though n/N ratio had a small fluctuation at this time. It seems
that the p/P ratio in dormant stage was mostly due to respiration in accord with
the abnormal metabolism in trees because, in this period, it is impossible that
photosynthesis and assimilation increase as they do in the vigorous season.

It was interesting that C/N ratio varied mostly in correspondence to the
variation of starch contents though the writer could not confirm that in this paper.
And also, the larger amount of C/N ratio was obtained in the period from June
to July, because, at that time, the products by photosynthesis increased greatly
in spite of the following decrease in nitrogen concentration. SaITO et al.®” re-
ported that C/N ratio in the optimum grafting stage of Sugi was 2.0 (N-0.8,
C-1.6). In 1962, a similar ratio was also given for Todomatsu in mid- or late
April before bursting but not at that time in 1963, since it was an abnormally

warm wintear.
Chapter 7. Summary.

In the period from September, 1961 to April, 1963, the typical pattern of
the variation in moisture, residue, total and water soluble nitrogen, total and water
soluble phosphorous, total carbohydrates, total and reducing sugars, and starch
contents was sought for 5- or 7-year-old seedlings of Todomatsu, and the following
results were obtained ;

1. Moisture contents increased rapidly in late April, reached a maximum
at bursting stage, then kept their values over 7095 till the second peak in August
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and decreased slowly in the dormant season. Residue contents took a minimum
at the maximum stage of moisture contents and increased gradually until they
reached 23.4%.

2. Total nitrogen concentration had a maximum in late April before bursting
as same as moisture, kept approximately 0.5% in the growing season and increased
slowly after October. Water soluble nitrogen concentration tended to show a
phase similar to total nitrogen but it changed rather more severely than the latter
and, in the dormant season, did not increase as much as the latter.

3. Total and water soluble phosphorous concentrations were 0.179%5 and
0.06% even at a maximum. Generally, their change was similar to that of
nitrogen, but, in detail, total phosphorous varied more severely than water soluble
phosphorous. ‘

4. A maximum value of total carbohydrate concentration obtained in mid-
April was due mainly to the increase of starch. On the whole, the variation of
total and reducing sugar concentrations showed a depressed curve; they were
larger in dormant and lesser in the growing season. Starch kept about 1.0%,
excepting the fluctuation in early spring.

5. From autumn to winter, sugars increased ; reducing sugar concentration
increased remarkably in autumn and non-reducing sugar concentration went up
rapidly from November to December or mid-January. However, the reducing
sugars usually account for a large part of sugars all the year round.

6. Increasing trend of sugar concentration was related largely by the
weather conditions, especially the snowfall.

7. In the balances among the nutrient elements, it was shown that n/N
ratio took about 0.10 at the minimum in growing stage and the decreasing pattern
in spring was also distinctly presented in p/P and Su/St ratios.

8. N/P ratio took approximately 10 in the growing season in agreement
with Leyton’s result for sitka spruce. And also, n/p ratio held the value under
15 the year through and tended to keep about 10 in the growing season.

Part III. Physiological quality of the seedling with lammas shoots.

Chapter 1. Special features in lammas season.

1) Variation of each element.

Sampling and chemical analysis of lammas shoot began in early July, when
the sympton of lammas shoot growth could be recognized clearly as distinguished
from the normal shoot growth. Variations of all elements of lammas shoot were
presented graphically in figure III-1.1~III-1.9 in comparison with those of
normal shoot in the growing season.

Moisture content of lammas shoot in lammas stage, excepting that in mid-
August, kept much higher ratio than that of normal shoot. Increasing trend of
moisture contents in lammas stage started from early July in both shoots, and
continued till early August in lammas shoot while the normal shoot showed
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Figure I1I-1.1  Variations of moisture (on a fresh weight basis) and
residue {on a dry weight basis) contents of one year’s shoots in
Abies sachalinensis MAST. (Todomatsu) seedlings with lammas
shoots (thick line} in comparison with normal seedlings {thin line)
during growing season. (7-year-old, 1962)
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Figure III-1.2  Variations of total nitrogen concentrations of one year’s
shoots in Abies sachalinensis MAST. {(Todomatsu) seedlings with
lammas shoots (thick line) in comparison with normal seedlings (thin

line) during growing season. (7-year-old, 1962)
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a temporary decrease in mid-July. The maximum value in early August was
nearly as large as that in early growing stage. Concerning the period from late
summer to autumn, moisture content changed into the decreasing trend from
the above-mentioned maximum value in early August, reached a minimum in
mid-August, and, after a slight increase of 5%; in late August, continued the
decreasing trend. On the other hand, normal shoot reached a second higher peak
in mid-August and thereafter decreased till mid-September.
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Figure 111-1.3  Variations of water soluble nitrogen concentrations of
one year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots (thick line) in comparison with normal seedlings
ithin line) during growing season. (7-year-old, 1962)

%

Q5

- Apr. May June July Aug. Sept.

Figure 111-1.4  Variations of total phosphorous concentrations of one
" year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots {thick line} in comparison with normal seed-

lings [thin line) during growing season. (7-year-old, 1962)
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Residue contents varied inversely to moisture contents showing a moderate
curve. In early July, there was no difference between those of both shoots,
their curve coincided in early July, and residue content of lammas shoot kept
a lower value during lammas season approximately parallel with that of the
normal one. The minimum level in that season was much higher than that in
the early growing stage.

At the beginning of lammas growth, total nitrogen concentration was much
higher in lammas shoot than that in normal one, but in mid-July, it was much
less in the former than in the latter and this phase continued until the setting
in of the dormant season. The total nitrogen concentration in normal shoot
took a minimum value in early July and a slow increasing trend from that time
on, while that of lammas shoot continued to decrease to a minimum in late
July, and, in the period from late July to early August, showed a rapid increment,
then kept almost changeless value during August, when the values were nearly
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Figure I11-1.5 Variations of water soluble phosphorous concentrations
of one year’s shoots in Abies sachalinensis MAST. (Todomatsu)
seedlings with lammas shoots (thick line) in comparison with nor-
mal seedlings (thin line) during growing season. (7-year-old, 1962)
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Figure I111-1.6  Variations of total carbohydrate concentrations of one
year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots (thick line) in comparison with normal seedlings
(thin line) during growing season. (7-year-old, 1962)
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the same as in the normal one, and thereafter took again an increasing trend
till about mid-September. But, water soluble nitrogen concentration of lammas
shoot was much lower (0.05%) than that of normal shoot already in early July,
and the difference between both shoots remained about fixed during lammas
season. Nitrogen concentration in lammas season had a different curve from
those in the early growing stage; namely, the former changed on a small scale
as compared with the latter, and at the beginning of the lammas growth, nitrogen
concentration did not change so sharply as in the time before bursting in spring.
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Figure II1 1.7 Variations of total sugar concentrations of one year’s
shoots in Abies sachalinensis MAST. (Todomatsu) seedlings with
lammas shoots (thick line) in comparison with normal seedlings
(thin I'ne) during growing season. (7-year-old, 1962)
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Figure III-1.8 Variations of reducing sugar concentrations of one
year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots {thick line) in comparison with normal seedlings
{thin line) during growing season. (7-year-old, 1962
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Figure I1II-1.9  Var'ations of starch contents of one year’s shoots in
Abies sachalinensis MAST. (Todomatsu) seedlings with lammas shoots
(thick line) in comparison with normal seedlings (thin line) during
growing season. (7-year-old, 1962)

Phosphorous concentration in that stage varied in a pattern similar to that of
nitrogen concentration though it started to decrease in water soluble phosphorous
concentration later (in mid-July) than soluble nitrogen, and the difference of total
phosphorous and water soluble phosphorous concentrations between lammas and
normal shoots started to occur in mid-July. The decreasing trend in water
soluble phosphorous of lammas shoot turned to a moderately increasing trend in
early August, while water soluble phosphorous of normal shoot bzgan to increase
about early July.

On the whole, total carbohydrate and total sugar concentrations in lammas
shoot were more lower than those of the normal one, and they varied approxi-
mately parallel during the lammas season. It was a particularly noticeable that
at that time, when totel sugars changed remarkably, starch remained changeless.
Though reducing sugar concentration of the former took a much lower value than
that of the latter, they progressed with similar values during August, and there was
no difference between starch contents of both shoots during July. In early
spring before bursting, total carbohydrates, total sugars, and starch of lammas
shoot, in most cases, progressed at a lower level in parallel with those of the
normal shoot, but these trends did not occur in lammas season.

2) Interrelations among nutrient elements.

Interrelations among nutrient elements were presented in table II-1. St/C
ratio of lammas shoot showed an increasing trend already at the beginning of
lammas season, and much higher value than that of normal shoot throughout
that period, but the latter changed from decreasing to increasing in mid-July.
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Then, Su/C ratios of both shoots had a nearly symmetrical value to St/C ratios.
RS/C ratio of lammas shoot decreased more remarkably than the normal one
in the pericd from early to mid-July, and Su/C ratio of the latter increased during
that time while that of the former decreased. And then, in RS/C ratios, normal
shoot varied rather more than lammas shoot, and St/C and Su/C ratios had much
larger variation in the latter as compared with the former. The decreasing trend
in Su/St and ‘RS/St ratios occurred markedly in both shoots and began earlier in
lammas shoot than in the normal one.

The n/N ratios of normal shoot reached the first peak in early July and
‘then decreased during July, while, in early July, lammas shoot had 1/2 value of
that of the normal one, and kept nearly constant till mid-July and then increased.
This constant value of the latter in lammas season reached a much higher
level than that of former in early growing season. Special features were that
the values in p/P ratios of lammas shoot increased in a pattern similar to that
of the normal one during about 15 days after bud swelling and that, in mid-July,
they decreased rapidly in lammas shoot while the values of normal shoot were
constant. Decrease of p/P ratio in lammas shoot followed during July and
changed into increment as soon as the setting in of August, while that of normal
shoot took a maximum value in early August. These objective changes in p/P
ratios of both shoots in early August were shown in reverse phases in early May
before bursting. The relation between p/P ratios of both shoots in early May
resembled entirely that between n/N ratios of both shoots, but, in early April,
these relations fitted only the normal shoot.

C/N ratio of lammas shoot had much lower values than that of the normal
one at the beginning of lammas season, but this relation between both shoots
changed reversely mid-July, because, presumably, the expenditure of nitrogen is
much larger in the former as compared with the latter. Such difference between
both shoots was also indicatd in the relation between Su/n ratios of those ; namely,
Su/n ratio of lammas shoot kept much higher value than that of normal one
during lammas season, especially at the beginning of that season.

In contrast to Su/n ratio, C/P and Su/P ratios in early July were much less
in lammas shoot than that of normal shoot in resemblance to C/N and Su/n
ratios in both shoots.

N/P ratio of lammas shoot held nearly 10 during lammas season the same
as that in the early growing season while that of the normal shoot showed a
much higher value during that time. Similarly, n/p ratio of the former in early
July was approximately equal to that at the beginning of early growing season.

Chapter 2. Special features in dormant season.

1) Moisture, residue, nitrogen, and phosphorous contents (Figure II[-2.1~
I11-2.5).

As stated previously, the seedlings with lammas shoots are damaged easily

by abnormal weather and other causes, because their hardening periods are very
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Figure I11-2.1 Variations of moisture (on a fresh weight basis} and

residue {on a dry weight basis) contents of one year’s shoots in Abies
sachalinensis MAAST. (Todomatsu) seedlings with lammas shoots {thick
linej in comparison with normal seedlings {thin line) during dormant
season. (7-year-old, 1962-1963)
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Figure 111-2.2  Variations of total nitrogen concentrations of one year’s
shoots in Abies sachalinensis MAST. (Todomatsu) seedlings with lam-
mas shoots (thick line} in comparison with normal seedlings (thin line)
during dormant season. (7-year-old, 1962-1963)
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short as compard with the normal seedlings.
damage in conformity with the different growing season between both
is interesting in the study of tree breeding.

563

Such difference of resistance against

seedlings

The decrease of moisture contents from autumn to winter was moderate in
dormant season from 1962 to 1963 ; it began to decrease in late August, reached

to the value under 60% in January, and began to increase in February. Lammas
shoot had always much higher moisture contents than normal one. Differences
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Figure I11I-2.3 Variations of water soluble nitrogen concentrations of
one year’s shoots in Abies sachalinensis MAST. (Todomatsu) seed-
lings with lammas shoots (thick line) in comparison with normal
seedlings (thin line) during dormant season. (7-year-old, 1962-1963)
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Figure 111-2.4  Variations of total phosphorous concentrations of one
year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots (thick line) in comparison with normal seedings
(thin line) during dormant season. (7-year-old, 1962-1963)
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Figure III-2.5 Variations of water soluble phosphorous concentrations
of one year’s shoots in Abies sachalinensis MAST. (Todomatsu) seed-
lings with lammas shoots (thick line) in comparison with normal seed-
lings (thin line) during dormant season. (7-year-old, 1962-1963)

between both shoots decreased to some extent with advancing hardiness. In the
investigation from late Septmber to the season of snow fall in 1961, a similar
pattern was presented, and the above-mentioned differences varied within the
range from 2.9 to 6.4%5 and remained even in the time when the seedlings were
covered with snow, and also this decreasing tendency was recognized clearly in
the differences between both sort of shoots in the same seedling. On the contra-
ry, residue contents of lammas shoot were at much higher level from autumn
to early February than that of normal shoot. When February came, they decreased
because of increment in moisture contents in both shoots. The maximum values
in both shoots were, however, obtained in mid-March (24.0%5 in lammas shoot,
23.49; in normal one).

The increasing trends of total nitrogen concentrations in dormant season
started from early October in both shoots and, in mid-December, reached tempo-
rarily similar concentrations. Thereafter, the nitrogen concentrations of lammas
shoots kept nearly constant while those of normal shoots increased again nearly
0.1% till early February, when those of both sooots were at the maximum.
Accordingly, total nitrogen concentrations of both shoots increased gradually
with advancing hardiness and, in most cases, in lammas shoot was at a lower
level during dormant season. However, water soluble nitrogen concentrations in
dormant season changed more variably in comparison with those of total nitro-
gen concentrations in both shoot and the increasing trends of those were not
shown distinctly, especially in lammas shoot. Moreover, their maximum concen-
trations in the period from September to March occurred in eaarly October for
normal shoot and in late October for lammas shoot. Of course, the latter showed
lower concentration as compared with the former.

Total phosphorous concentrations in both shoots kept increasing trends till
late December and there was scarcely any difference between both shoots. During
the pericd from January to March, those of both shoots were very insecure, and
lammas shoot had a lower concentration than normal shoot from mid-January
to mid-March. Water soluble phosphorous concentration was rather higher in
lammas shoot during dormant season, excepted the periods from late September
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to mid-October and from early to late January. Although the great change during
January was more remarkable in lammas shoot than in normal shoot, both shoots
took the increasing trend in the former part of dormant season. Particularly, the
change in mid-January was also indicated in water soluble nitrogen concentration
of lammas shoot.

2) Carbohydrates™*"*,

The results obtained in dormant season from September 26th, 1961 to Febru-
ary 8th, 1962 were shown graphically in figurre 1II-2.6, III-2.7, and III-2.11
and those from September, 1962 to March, 1963 in figure III-2.8~III-2. 10
and III-2.12.

As reported previously, reducing sugar concentration of the lammas shoot in
the first experiment (from late September to the time when snow covers the seed-
ling) was lower than that of the normal shcot, and it kept an increasing trend
throughout the above-mentioned period in both shoots. Thereafter, according to
the results measured during the time when the seedling is covered with snow,
reducing sugar concentration went up remarkably from late November to mid-
December, and then showed the decreasing tendency in early February, when
the top of the seedling was covered over by snow. Therefore, reducing sugar
concentration of Todomatsu seedling generally reaches the maximum level in mid-
December, presumably, if the sonw protects the seedling, being constant thereafter
till early February when the rcot begins to spread. In any way, reducing sugar
of lammas shoct was lower than that of normal shceot in dormant season and
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Figure 11I-2.6 Variations in moisture and carbohydrate contents of
lammas shoots (solid circles) and of normal shoots in Abies sacha-

linensis MAST. (Todomatsu) seedlings on a fresh weight basis.
(5-year-old, 1961-1962)
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Figure 111-2.7

Variations in carbohydrate contents of lammas shoots

(solid circles) and of normal shoots in Abies sachalinensis MAST.

(Todomatsu) seedlings on a dry weight basis.

(5-year-old, 1961-1962)
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Variations of reducing sugar concentrations of one
year’s shoots in Abies sachalinensis MAST.
with lammas shoots (thick line) in comparison with normal seedlings
(thin line) during dormant season.
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the difference between both shoots developed from late September to mid-November
and thereafter became somewhat less and remained constant until early spring.
In the second experiment, the difference between the reducing sugars of both
shoots began to develop clearly in late December, and lammas shoot showed lower
concentration until late February but higher in the temporary flushing period from
late February to mid-March than normal shoot.  Furthermore, normal shoot
reached a maximum in mid-January and thereafter kept a slight decreasing trend
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Figure 111-2.9  Variations of total carbohydrate concentrations of one
year’s shoots in Abies sachalinensis MAST. (Todomatsu) seedlings
with lammas shoots (thick line) in comparison with normal seed-
lings {thin) line during dormant season. (7-year-old, 1962-1963)
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Figure 111-2. 10  Variations of total sugar concentrations of one year’s
shoots in Abies sachalinensis MAST. (Todomatsu) seedlings with
lammas shoots (thick line) in comparison with normal seedlings
(thin line) during dormant season. (7-year-old, 1962-1963)
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Figure III-2.11  Variations in starch contents of lammas shoots (solid
circles) and of normal shoots in Abies sachalinensis MAST. (Todo-
matsu) seedlings on a dry (A) and a fresh (B) weight basis (5
year-old, 1961-1962)
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Figure 1II-2. 12  Variations of starch contents of one year’s shoots in
Abies sachalinensis MAST. (Todomatsu) seedlings with lammas
shoots (thick line) in comparison with normal seedlings (thin line)
during dormant season. (7-year-old, 1962-1963)

instead of the constant concentration. This particular variation of reducing sugars
in 1962-1963 dormant season was due to abnormal weather, especially the lack
of snow.

Seasonal variation of total sugar concentration from autumn to winter re-
sembled that of reducing sugar; precisely, total sugar concentration began to
increase in late September and its increasing trend accelerated remarkably from
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late November and reached a maximum concentration in mid-December. The
increasing trend was more remarkable in total sugar concentration than in reducing
sugar concentration alone, that is, the value obtained by deducting reducing sugar
weight from total sugar weight increased noticeably. Total sugar concentration
was lower in lammas shoot than in normal shoot throughout the experimental
season like the results of reducing sugar. But, on a dry weight basis, there were
no obvious differences between total sugar concentrations of both shoots till mid-
October, and the fluctuation was sharp in lammas shoot. The differences appeared
in early October and reached the maximum level in mid-December, and the maxi-
mum difference was much larger than that of reducing sugar. The decline in total
sugar concentration in early February in lammas shoot was much more than
that in normal shoot, though reducing sugar was much higher in the latter than
in the former. During the dormant season from 1962 to 1963, lammas shoot
showed very extreme changes in comparison with normal shoot as same as
reducing sugar. And yet, in the former part of dormant, it was shown visibly
that lammas shoot has much lower concentration of total sugar than normal one.
Generally, lammas shoot obtained a higher position than normal shoot in total
sugar concentration, and it was attributed to the fact that the latter was protected
by snow, neverthless the former stood out of the snow because of abnormal
weather in dormant season. In the latter part of dormant season, lammas shoot
hastened its hardening process furthermore by such condition.

Starch content of normal shoot traced an increasing curve till late October
and dropped from late October to late November in spite of the increment of
sugars and then increased to the maximum level of late October in mid-December.
In early February, starch value dropped somewhat below that in mid-December
but this starch value was not the minimum. The variation range of starch content
was less than reducing sugar and total sugar concentration, and the range was
limited within 0.495 on a fresh weight basis (1.095 on a dry weight basis). And
also they made more frequent changes than the other two and this flexibility was
more remarkable in lammas shoot than in normal shoot. These extreme changes
of lammas shoot as compared with normal shoot were presented not only in
starch but also in moisture and total sugar. But, the results in the second ex-
periment showed that lammas shoot had much lower content in starch than nor-
mal shoot throughout the dormant season, and, in the period from mid-November
to late February, kept nearly 1.0% value.

3) Interrelations among nitrogen, phosphorous, and carbohydrate contents.

Su/C ratio in the dormant season was much higher in lammas shoot, while
St/C ratio was much higher in normal shoot. These ratios in both shoots varied
evenly in dormant season as compared with those in growing season. During
the period from September, 1961 to February 1962, the maximum ratio of St/C
was obtained in early October in both shoots, the minimum in mid-December
for lammas shoot and in early February for normal one. Concerning 1962-1963
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dormant season, St/C ratio of normal shoot was constant from mid-September
to mid-November and then decreased to the minimum value in mid-January, while
that of lammas one showed a similar pattern, accompanied with small fluctuations.

RS/C ratio started to increase rapidly from late October and attained the
maximum value in early December and remained approximately constant till late
February in both shoots. During the period when St/C ratio was constant, RS/C
ratio of lammas shoot had much lower value than that of normal one. Generally,
Su/St ratio in dormant season varied according to the variation of sugar content,
because starch was constant, and lammas shoot had rather sharp variation. The
n/N ratio of lammas shoot took a lower value throughout dormant season than
normal shoot, excepting the period from mid-October to mid-November. On
the contrary, p/P ratio was higher in the former though there was an inverse
relation in mid-January.

C/N ratio continued to increase during dormant season, and variation of Su/n
ratio was influenced largely by the pattern of total sugar concentration. However,
Su/n and RS/n ratios kept much higher values in lammas shoot during dormant
season with the exception of the period from mid-October to mid-November.
Sugar contents affected not only the Su/n ratio but also the Su/p ratio for
both shoots. It was a common feature between C/N and C/P ratios that they
kept approximately constant in both shoots throughout dormant season and the
difference between both shoots was inconspicuous. And also, it resembled closely
the trend of Su/n ratio that Su/p ratio turned sharply from increasing to decreasing
in mid-January, especially more sharply in lammas shoot.

Since nitrogen and phosphorous tended to follow as similar pattern both in
the expenditure in the growing season and in the accumulation in the dormant
season, N/P and n/p ratios in both shoots did not change very much. These ratios

of lammas shoot usually showed lower values as compared with those of normal
shoot.

Chapter 3. Discussion.

In lammas growth, Todomatsu seedlings began to burst their buds from
early to mid-July at the earliest, continued to develop during 30 to 45 days, and
almost ceased by the end of August. In that stage, especially in July, the root
elongation was vigorous. The nutrient elements of lammas shoot generally showed
a fluctuated curve in comparison with the smooth curve in the normal shoot
and this was more remarkable on a dry weight basis than on a fresh weight basis.
It seems that this is due to the deviation of the material collected and the sensi-
bility of lammas shoot to weather condition. As the seedlings with lammas
shoots differ from each other in the time of budding and cessation of growth,
each lammas shoot has a different quantity of woody parts, therefore we used
five lammas shoots at random at each sampling to keep down this deviation, but
could not entirely exclude it.

Variation of nutrient concentrations of lammas shoot in lammas season pro-
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gressed in a pattern similar to those in early growing season, but they were
presented on a small scale in comparison with the latter. This was probably due to
the fact that lammas growth was more dependent on the products of photosynthesis
in current year, because lammas growth develops under favorable environmental
condition, and the root activity is more vigorous at that time. Indeed, there was
a striking difference in the changes of nutrient concentrations in bursting stages
or thereabout between the two growth periods. And, in some cases, the lammas
growth amount was higher than that of early growth in spring.*>®"*®

At the starting stage of lammas growth, lammas shoot held much larger
contents in total nitrogen, and total and water soluble phosphorous than normal
shoot. These nutrient concentrations in the beginning of early growing stage were
characterized by the fact that, just before bursting stage, total nitrogen and phos-
phorous in both shoots increased remarkably but water soluble nitrogen and phos-
phorous concentrations showed temporarily a higher increment only in lammas
shoot. It has been assumed that the abnormally elongated seedling was caused
by abundant fertilization of nitrogen compounds; that is the luxual absorption
of those, but, so far as this investigation, lammas growth of Todomatsu occurred
in the seedling containing much higher concentration of phosphorous with that
of nitrogen. HARADA®™ investigated the relation between the growth and nutrient
contents on the abnormally elongated seedling of Sugi and reported that it had
more larger nitrogen and potassium contents in upper stem part as compared
with normal seedling, while phosphorous contents of both seedlings did not differ
from each other, and also, EcucHI'” obtained much less value of P,O, concen-
tration of leaves and stem top for abnormally elongated Todomatsu seedling than

that for normal seedling in late October by the simple colorimetric method.
Concerning phosphorous contents, the difference between the abnormally elongated
seedlings of Sugi and Todomatsu was presumably due to the different sampling
stages and the different sampling methods, because phosphorous had accumulated
much in the vigorous growth part. Furthermore, Harada stated that the abnormal-
ly elongated seedling was characterized by much larger n/N ratio in upper stem
part in comparison with normal seedling. In Todomatsu seedling, this relation
between n/N ratios of both shoots was indicated only in the period from mid-
October to mid-November and before bursting, and it was noticeable that p/P
ratio of lammas shoot kept rather higher value throughout dormant season,
excepting mid-January when it decreased temporarily. Of course, n/N and p/P
ratios of lammas shoot decreased with advancing lammas growth though those
showed increasing trend in normal shoet and progressed to a much higher level
than those in early growing stage. And also, at the beginning of early growing
stage, especially just before bursting, not only n/N ratio but also p/P ratio of
lammas shoot increased markedly. TesHiMA et al.'*® produced the secondary
growth of potato tuber by the treatment of 25 or 20 times of normal con. of

culture solution (not only nitrogen) for 24, 48, and 72 hrs. and 15 times for 72
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hrs. respectively, while scarcely in the plots of 15 times for 24 or 48 hrs. and 10 or
5 times for any hrs.. According to these results, lammas growth was caused by
the large absorption ability of roots in the seedling with lammas shoots in essential
agreement with the experimental fact that lammas shoots are often observed in
a fixed bed and scarcely ever in a transplanted bed and, accordingly, that root
cutting is a technical method to prevent lammas shoot growth in the nursery.

Carbohydrate contents, especially starch, of lammas shoots kept much lower
the year through than those of normal shoots, as in abnormally elongated seedling
of Sugi™ and the secondary growth of potato tuber”. Saeki and NomoTo™
stated also that the younger stage of leaf is characterized by a higher respiration
and compensation point, and a lower chlorophyll content and photosynthetic
activity, and those are clearly shown in the leaves of a lammas shoot of Zelkova
serrata (Keyaki), which have generally higher activity than those of ordinary
shoot. According to Tazakr'*, the mulberry leaves unfolded in spring showed
at first strong negative net assimilation, being due to the high amount of
respiration, low chlorophyll content and inadequate stomatal movement, but, in
the leaves unfolded in later season, the net assimilation increased far more
rapidly that in those developed in spring and the former reached a maximum
assimilation only ten days after unfolding. In Todomatsu, total carbohydrates,
especially total sugars, in both shoots took a nearly similar value at maximum
in early September.

Though the manifestation of increasing trend in starch content was distinctly
recognized in early August for normal shoot, that of lammas shoot was belatedly
shown in late August or early September. FLEMION and TopPING® stated that
the dwarf seedling from unchilled peach (Prunus Pérsica BaTscH.) seed rapidly
stored starch relatively soon after germination and the amount resembled that
which accumulated in the normal plants during the onset of dormancy many
weeks later. These two results showed that the longer the growing period is,
the later the onset of starch accumulation comes.

Concerning the relation between carbohydrates and nitrogen or phosphorous
contents, every C/P, C/p, Su/n, RS/n, Su/p, RS/p ratios took a lower value in
lammas shoot at the beginning of early growing stage, and, in the stage just
before bursting of lammas buds, Su/n and RS/n ratios took characteristically higher
value in lammas shoot. If these nutrient balances are influenced by the environ-
mental or other conditions, they may differ more or less in different growing stages.
In SuTo’s study™ on the relation between nitrogen and carbohydrates for Sugi,
there was statement that the changes of photosynthesis caused by the absorption
ability of nitrogen strikingly affected carbohydrate accumulation. However, in
Todomatsu seedlings with lammas shoots, total and water soluble nitrogen took a
lower value and water soluble phosphorous kept rather higher value the year
through on the whole. Although HarAaDA and SuTo examined the nutrient con-
tents after lammas growth, the question as to why a lammas shoot growth occurs
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or not must be answered directly by the conditions in the stage before and after
bursting the lammas buds. Apparently, RS/n ratio of Tcdomatsu seedling took
a higher value in early July, and this trend almost caused a lower concentration
of water soluble nitrogen. Though nitrogen do not act always directly on carbo-
hydrate accumulation®, SuTo™ explained the relation between reducing sugar,
and water soluble nitrogen as a factor of the cause of abnormally elongated seedling
in Sugi on the presumption that the absorption ability of water soluble nitrogen
affects on photosynthesis and moreover on the accumulation of carbohydrates.
On the other hand, MivazaKI® recognized that the increase of carbohydrates in
tissues strongly and negatively correlated to photosynthetic ability throughout the
seedbed and transplanting and considered that nitrogen contents of seedlings should
be held at high level in order to avoid physiological decay of tissues throughout
the seedbed period, the seedlings recover normal growth after transplanting, because
the increase of carbohydrates and lowering of nitrogen levels in the tissues led
to physiological decay in photosynthesis. In Todomatsu, total nitrogen of lammas
shoot was much higher in this stage. Hence, the lammas shoot growth was not
caused by nitrogen deficiency. Phosphorous deficiency results from the zemarkable
reduction of photosynthetic activity per unit leaf area ; the decrease in respiratory
activity of each organ, and this phase was explained in the light of dry matter

production.**®

So far as this invetigation is concerned, lammas shoot took
a lower value in total carbohydrate concentration the year through, but its
growth, of course, was superior and its phosphorous concentration was rather
higher as compared with normal shoot. Accordingly, lammas shoot growth was
not caused by phosphorous deficiency. Namely, from the results of nitrogen and
phosphorous concentrations of Todomatsu seedling in lammas season, the state-
ment of KLEBS*”?, who attributed the cause of intermittent growth in both tropical
and temperate zone plants to a temporary deficiency of mineral nutrients, can
not be accepted.

REeIrsYNDER™ figured characteristically the difference between moisture con-
tents of new- and old-growth leaves for mountain laurel (Kalmia latifolia L.),
and OkazAKI™ found that, in Sugi, moisture content of one-year-shoot was much
higher than that of a 2-year-shoot till late autumn, but there was little difference
from autumn to winter. In the studies on Kuwa and Cha, the decrease in their
respective moisture content concurrently with the differentiation of the tissues,
followed the cessation of their growth'"**®. According to the fact, the more the
cessation of growth is delayed, the longer the period becomes during which
moisture content decreases. The cessation of lammas shoot growth of Todo-
matsu comes later than that of normal shoot. Moisture contents of lammas and
normal shoots did not trace a smooth decreasing curve during the former part
of dormant season, and that of lammas shoots was always much higher than
that of normal shoots, and also the relation between both shoots in the same
seedling was similar. The difference of moisture contents between lammas and
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normal shoots showed a tendency to decrease, but it remained constant even in
the time when the seedlings were covered with snow.

Reducing and total sugar concentrations in lammas shoot were much smaller
than in normal shoot, and the difference between both shoots remained constant
until early spring.

A cool temperature for plants did cause a greater average survival from
freezing than with those grown at a warm temperature'”, but they can be
hardened more only in the period after the completion of their development®.
On the frost hardening process among varieties or strains, there are two types;
one is that the stage when each variety becomes frost-hardy differs from each
other, but each has the same maximum value in frost-hardiness; and the other
is that each variety differs from each other not only in the stage when each
variety becomes frost-hardy but also in the maximum frost-hardiness®. Ac-
cording to the variations of moisture content, reducing and total sugar concen-
trations (which were close in relation to frost-hardy) in this result, Todomatsu
showed the latter type under favorable snowfall after late November in 1961.
Concerning the dormant season 1962-1963, lammas shoot had temporarily rather
higher concentration in carbohydrates than that of normal one, and then this
phase was due to the condition that the latter was covered entirely with snow,
neverthless the upper part of the former stood out of the snow in an abnormally
warm winter. FREELAND® recognized the apparent photosynthesis in some
conifers during the winter. The cold-damage of trees occurred often in such
condition as stated previously™, because they can not be hardened completely
by subjection to severe low temperature. Growing season of the seedling with
lammas shoots was longer than that of the normal seedling, and the former
had a much larger moisture content and much less reducing and total sugar
concentrations than the latter. Namely, among individuals of Todomatsu, it was
shown that the later the cessation of growth came, the lower the grade of
frost-hardiness and the maximum level were. This fact suggests that the shor-
tening of the growing period is indispensable for the production of cold-hardy
individuals® """ and also, SAKAIY stated that the developmental stage of twigs
are important as an inner factor which is required for hardening by means of
low temperatures according to his results for Kuwa varieties.

The lammas shoot varied more frequently in starch contents than normal
one and, furthermore, starch decrease of the former in early February was much
larger than that of the latter in 1962. In the latter part of 1962-1963 dormant
season, St/C ratio of lammas shoot kept much lower but, in contrast, Su/C ratio
remained much higher than that of normal shoot, and n/N and p/P ratios varied
much more in lammas shoot. This trend indicates that lammas shoot is more
easily influenced by the weather condition than normal one.

Chapter 4. Summary.
In the experiment, part III, the physiological features of lammas shoots were



Nutritional studies on the seedling of Abies sachalinensis MAST. (TAMARI) 575

examined for variation of each nutrient content in comparison with that of normal
shoots in order to clarify how the lammas shoot growth occurs and what their
resistance against the various damages is.

1. In lammas shoot, the seasonal variation of each element during its lam-
mas growing season was, though on a small scale, similar to that in early growing
stage.

2. At the beginning of lammas growth, total nitrogen, total phosphorous,
and water soluble phosphorous concentrations were much higher than those of
normal shoot, but water soluble nitrogen was much less in lammas shoot.

3. Just before bursting in spring, the lammas shoot was characterized by
the remarkable increasing trends of water soluble nitrogen and phosphorous con-
centrations while the values of normal shoot were nearly fixed. In this stage,
total nitrogen and phosphorous concentrations increased distinctly together in
both shoots.

4. The n/N ratio of lammas shoot, in most cases, kept a lower value and
its p/P ratio had a higher value the year through as compared with that of normal
shoot. Of course, these two ratios of lammas shoot decreased largely in lammas
stage, while those of normal one increased.

5. Generally, the accumulation of carbohydrates in lammas shoot was inferior
the year through to that of normal shoot.

6. Thus, it is possible to say that the lammas growth was characterized
by their greater ability to absorb nitrcgen and phosphorous compounds and by
their inferior accumulation of carbohydrates.

7. In the former part of dormant season, the reserves of lammas shoot
increased gradually in parallel with those of normal one, excepting water soluble
nitrogen, but the former kept a lower value.

8. The nutrient concentrations of lammas shoot varied noticeably accordance
with the temporary changes of environmental conditions.

9. Accordingly, it was indicated that, among individuals of Todomatsu seed-
lings, the later the cessation of growth, the lower the resistance against various
damages are; and then, the lammas shoot is more easily influenced actively by
environmental conditions than normal shoot.

Conclusion

Lammas shoot growth in Todomatsu seedling occurs commonly in some
nurseries in Hokkaido, but it produces an abnormally formed seedling. What is
worse, the seedling with lammas shoots often suffer from abnormal weather or
others because its hardening period is shorter than that of the normal one.
Therefore, the seedlings with lammas shoots are unfavorable for shipping purposes.
This trend has been explained mainly by the environmental conditions and the
relations to the fertilizations. Recently, SuTo and HaraDA studied physiologically
this problem for Sugi, and KRAMER and others investigated the bursting from the
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buds in lammas after the perfection of the current-year buds in consideration of
the dormancy. However, the cause of lammas shoot growth is not yet clearly
explained in spite of the presence of some evidence suggesting that accumulation
of inhibitors is a factor in the development of dormancy.

In order to clarify the physiological qualities of the seedlings with lammas
shoots in Todomatsu, the writer examined fundamentally the seasonal variations
of moisture, residue, nitrogen, phosphorous, and carbohydrate contents in lammas
shoots in comparison with those of the normal shoots. Furthermore, he investi-
gated the balances among the above-mentioned nutrients. The experiment was
carried out during the period from September, 1961 to April, 1963 for 5- or 7-
year-old seedlings, excepting the determination of the height growth curve for 3-
year-old seedlings in 1957.

In the experimental part I, the general relation between growth and reserve
food of Todomatsu seedling in the early stage of its growth was investigated,
because the relation is important in comparison to that in the lammas growing
stage. The writer examined the seasonal variations in moisture, residue, nitrogen,
phosphorous, and carbohydrate contents of the normal seedlings in the experi-
mental part I, and then, he compared the seasonal changes of the nutrients in
lammas shoots with normal shoots in the experimental part III. From these
investigations, the following results were obtained ;

In early height growing stage of Todomatsu seedlings, the growth grades
were in proportion to the fresh weights of stems and roots, and, inversely to
nitrogen, phosphorous, and carbohydrate concentrations, particularly remarkable
in starch. As soon as mid-June was gone, each concentration began to increase,
markedly in starch and water soluble nitrogen, in contrast with decreasing trend
in top to root ratio. And also, in that period, the seedlings which roots were
damaged by cutworm showed lower growth grades and much higher values in
every concentration as compared with normal seedlings at any stage.

Moisture content was higher in growing season, a maximum in late May
and took a gradually decreasing pattern in dormant season after reaching the
second higher peak, nearly equal to the maximum, in August. On the other
hand, residue content changed inversely in correspondence to moisture content,
from 5.7% in early May to 23.4%5 in mid-March of the following year on
a fresh weight basis. A maximum value in nitrogen concentration was obtained
in early May as same as that of phosphorous, and both concentrations took the
concave patterns on the whole, little in growing season and large in dormant
season. However, water soluble nitrogen and phosphorous concentrations did
not increase much in the dormant season whereas total nitrogen and phosphorous
did. There were also special features in what water soluble nitrogen had a more
flexible fluctuation than total nitrogen and what, in contrast with nitrogen, total
phosphorous changed more sharply than water soluble phosphorous. The rapid
increase of total carbohydrate in early spring was mainly due to the increment
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of starch, and that in the dormant season was entirely due to the increase of
sugars, because starch remained constant. The increasing trend of sugars in
mid-winter was more remarkable in non-reducing sugars than that in reducing
sugars, though, in most cases, the latter cccupied the larger part of total sugars.
Furthermore, there was a close relation between the increase of sugars and the
snowfall.

In Todomatsu, it was indicated that the reserves, viz. nitrogen, phosphorous,
and carbohydrates accumulated noticeably in the dormant season for the early
height growth. In growing season, n/N and p/P ratios were less in comparison
with the other season. N/P ratio tended to keep 10 at that time nearly in
agreement with LEYTON’s result, viz. the optimum nutrient balance of sitka spruce
in water culture. And n/p ratio had usually a value under 15. In lammas
season, lammas shoot had a change in the contents of each element similar (on a
small scale) to that in the early growing stage, and, at the beginning of lammas
growth, total nitrogen and phosphorous and water soluble phosphorous concen-
trations were much higher in lammas shoot than those in normal one, but water
soluble nitrogen was much less in the former. And also, lammas shoot was
characterized by the remarkable increasing phase of water soluble nitrogen and
phosphorous concentrations in the time just before bursting in spring, while these
concentrations of normal shoot were changeless. However, total nitrogen and
phosphorous concentrations increased noticeably together in both shoots. Gener-
ally, carbohydate and nitrogen concentrations of lammas shoot kept lower the
year through as compared with much higher concentration of water soluble phos-
phorous, excepting the vigorous growing season. In lammas shoot of Todomatsu,
n/N ratio was much higher only in the period from mid-October to mid-November
and before bursting in spring than in normal one, but p/P ratio was much
higher the year through, excepting the period before bursting in spring, lammas
shoot growing season, and mid-January. Thus it is possible to say that the
lammas growth was caused by a greater ability to absorb nitrogen and phos-
phorous, and by its inferior accumulation of carbohydrates, and this suggested
that, from a morphological view point, lammas shoot growth was caused by the
imbalance between stem and root parts in the seedling.

The nutrient concentrations of lammas shoot changed more appreciably in
accordance with the temporary changes of environmental condition in comparison
with normal one. Accordingly, it was indicated that the later the cessation of
growth comes, among individuals of Todomatsu seedlings, the lower the resistance
to various injuries is and that lammas shoot is more easily influenced actively
by the environmental condition.
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Reference table I-1  Seasonal variations of moisture and residue contents
of Abies sachalinensis MAST. (Todomatsu) seedlings.

’ Normal shoot Lammas shoot
Date ~ Moisture | Residue Moisture Residue
l a \ b a b a \ b a b
X 26 63.2 1825 10.7 30.3 677 | 2030 11.4 345
X 4 61.6 160.4 12.2 31.8 68.0 2125 12.6 39.3
16 62.1 163.9 13.0 34.2 65.7 1915 10.8 31.5
24 59.1 144.5 15.2 373 65.2 ‘ 1874 11.4 327
1961 XI 6 b57.4 134.7 12.8 30.0 60.8 155.1 14.0 35.8
16 55.9 126.8 15.7 35.6 58.8 126.8 15.7 35.6
27 54.2 118.3 14.3 36.5 58.2 139.2 11.1 29.9
v 12 : 53.2 113.7 | 16.0 34.1 55.8 126.2 l 122 27.6
o 8 53.7 116.0 16.0 34.5 57.0 132.6 | 121 28.2
w 12 57.6 135.8 19.1 451 63.0 170.3 16.9 457
21 57.3 134.2 18.8 441 64.8 184.1 16.1 45.8
v 2 75.8 313.2 57 23.7 78.2 358.7 6.1 27.8
12 81.2 4319 6.6 35.3 825 4714 6.9 394
22 83.4 5026 5.6 33.2 — — — —
vi 2 777 3484 89 39.8 — — — —
12 759 314.9 10.0 41.6 — — — -—
22 74.2 288.7 13.0 50.1 — — — —
i 2 70.6 240.1 11.7 39.9 721 258.4 116 414
1962 12 74.6 293.7 10.1 39.8 76.9 3329 9.2 39.6
23 76.3 321.9 12.3 52.0 80.6 4155 9.1 46.8
i 2 78.5 365.1 10.1 47.2 80.8 420.8 8.2 42.9
13 71.1 246.0 14.7 51.0 776 346.4 10.0 448
23 73.2 2731 144 54.1 78.7 369.5 9.2 431
X 3 69.6 228.9 16.0 524 78.1 356.6 10.1 42.0
13 68.2 2145 16.4 51.5 747 295.3 124 48.8
X 2 69.5 2279 145 475 75.1 301.6 12.7 51.0
22 66.1 195.0 17.0 50.0 68.1 2135 15.0 47.2
X1 12 64.2 179.3 18.1 50.5 67.1 204.0 15.8 43.2
Xt 5 62.2 164.6 19.1 50.5 64.7 183.3 17.4 49.3
24 575 135.3 229 53.8 58.7 142.1 19.4 47.1
I 14 54.6 120.3 21.9 48.3 ! 60.3 151.9 19.7 49.6
o 4 52.1 108.8 22.1 474 58.9 143.3 20.2 47.7
25 59.7 148.1 211 54.3 64.2 179.3 154 426
m 5 63.7 1755 18.8 51.9 64.0 177.8 17.7 49.2
1963 15 54.8 121.2 234 51.8 56.1 127.8 24.0 54.7
25 59.9 149.4 19.8 495 61.6 160.4 16.7 434
v 8 56.5 129.9 20.6 47.3 58.7 142.1 20.1 488
18 59.4 146.3 19.3 476 63.4 173.2 16.0 43.7

Remarks: a; % on a fresh weight basis.

b; % on a dry weight basis.
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Reference table I-2  Seasonal variations of total nitrogen contents of
Abies sachalinensis MAST. (Todomatsu) seedlings.

Normal shoot Lammas shoot
Date a | b | e |4 a | b | e o

v 12 1.28 | 3.03 1.59 5.51 1.30 3.51 1.56 6.46

21 1.33 3.12 1.64 5.58 1.20 3.40 1.43 6.27

v 2 217 8.98 2.30 11.74 212 9.75 2.26 13.53

12 1.01 5.38 1.08 8.30 093 5.33 1.00 8.79

22 0.86 5.07 0.91 7.58 — — — —

vi 2 0.46 2.04 0.50 3.40 — — — -

12 0.44 1.83 I 049 3.12 — — — —

22 0.57 1.83 0.61 4.20 — — — —

i 2 0.43 1.45 0.48 2.41 0.54 1.94 0.61 3.33

12 0.53 2.08 0.59 3.45 0.43 1.87 0.47 3.10

1962 23 0.55 2.31 0.63 481 0.41 2.09 0.45 3.95
w 2 0.68 | 3.15 0.75 5.94 0.66 342 0.71 597

13 0.82 2.83 0.96 5.76 0.58 257 0.64 4,64

23 0.89 3.31 1.04 7.16 0.61 2.85 0.67 5.02

X 3 1.07 3.50 1.27 7.40 0.78 3.55 0.86 6.59

13 0.89 2.81 1.07 5.80 0.77 3.03 0.87 5.94

X 2 0.80 261 0.93 4.98 0.68 273 0.78 5.57

22 0.85 2.50 1.02 5.02 0.70 2.20 0.83 4.16

X 12 0.82 2.29 1.00 4.64 0.74 2.25 0.88 4.33

X 5 0.83 2.19 1.02 4.43 0.81 2.29 0.98 452

24 0.87 2.04 112 4.42 0.94 2.28 1.17 4.30

I 14 1.05 2.32 1.35 4.48 0.95 240 1.19 477

4 1.07 2.29 1.37 4.36 0.96 2.28 121 4.37

25 0.84 2.16 1.07 4.73 0.78 2.15 0.92 3.75

1963 m 5 0.73 201 0.90 4.18 0.72 2.00 0.87 3.93
15 0.82 1.81 1.07 3.75 0.76 1.73 1.00 3.82

25 0.57 143 0.72 2.83 | 0.64 1.67 0.77 2.96

w 8 0.63 1.46 0.80 277 0.68 1.66 0.86 3.23

18 0.61 1.50 0.76 2.87 0.52 1.43 0.62 2.54

Remarks: a; % on a fresh weight basis.

a
b; % on a dry weight basis.

c; % on a value deducted residue weight from fresh weight.
d; % on a value deducted residue weight from dry weight.
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Reference table I-3  Seasonal variations of water soluble nitrogen
contents of Abies sachalinensis MAST. (Todomatsu) seedlings.
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| Normal shoot Lammas shoot

Date |

1

e | d | a b |
v 12 \ 033 | 078 | 041 \ 1.42 7 0.36 “ 0.97 ‘ 043 | 178
21 0.32 ‘ 0.76 ’ 040 | 135 | 024 | 068 | 029 | 1.26
v o2 ‘ 034 | 139 | 036 | 182 \ 0.63 \ 287 | 067 | g7
12 1 0.14 \ 0.75 \ 015 | 116 | 009 | o051 | 010 ‘ 0.84
22| 009 | 054 010 081 | — - -1 =
Vi o2 ‘ 005 021 | 005 | 034 — — ‘ S —
12| 006 ‘ 027 | 007 | 045 — — — —
22 . 018 | 071 | 021 | 148 — — — —
w 2 | o016 | 056 | 019 | 093 | 011 | 038 | 012 | 065
12 019 | 075 | 021 | 124 | 009 | 037 | 009 | 061
1962 23 016 | 069 | 019 | 144 | 009 = 045 | 010 | 084
w2 032 | 148 | 035 | 280 | 018 | 092 | 019 | 162
13 025 | 085 | 029 | 174 | 016 | 073 = 018 131
23 ‘ 0.34 ‘ 128 | 040 | 278 | 019 | 08 | 021 | 155
X 3 039 | 127 | o046 | 268 | 025 | 116 | 028 | 215
13 ! 023 | 073 | 028 | 151 | 016 | 065 | 019 ‘ 1.27
X 2 044 | 144 | 051 | 275 | 021 | 08 | 024 | 173
22 028 | 08 | 034 | 164 | 020 | 09 | 034 | 170
12 0.6 | 046 | 020 | 092 | 018 | 045 | o021 ‘ 1.05
M5 026 | 068 | 032 | 137 | 020 057 | 024 | 112
24 | 023 | 053 | 029 | 116 | 017 | 042 022 | 079
T 14 0 020 | o064 | 037 | 124 | 013 | 033 | 016 | 066
n o4 033 | 072 | 043 | 136 | 023 | 054 | 029 | 103
25 029 | 074 | 037 | 163 | 026 | 071 ' 030 | 124
g3 T8 025 | 070 | 031 | 145 | 024 | 068 | 030 133
15 021 | 046 | 027 | 095 | 019 | 043 | 025 | 095
25 023 | 057 | 020 | 113 | 019 | 048 | 022 | 085
v 8 025 | 057 | 031 | 109 | 015 | 036 | 019 , 070
18 013 | 033 | 017 | 063 | 014 | 039 | 017 | 069

Remarks: a; % on a fresh weight basis.

; % on a value deducted residue weight from fresh weigat.

a

b; % on a dry weight basis.

c

d: % on a value deducted residue weight from dry weight.
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Reference table I-4  Seasonal variations of total phosphorous contents
of Abies sachalinensis MAST. (Todomatsu) seedlings.

Normal shoot \ Lammas shoot

Date a ‘ b ‘ c ‘ d ‘ a ‘ b i c d
v 12 0.058 0.138 0.072 0.251 0.058 0.157 0.070 0.289
21 0.073 0.170 0.089 | 0.304 0.066 0.187 0.078 0.344
v 2 0.124 0.512 0.131 0.670 © 0.132 . 0.608 0.141 | 0.844
12 0.077 0411 0.083 0.633 0.082 0.466 0.088 0.770
22 0.058 | 0343 | 0061 | 0513 — — — —
vI 2 0.053 0.238 0.058 . 0.397 — — — —
12 0.036 0.148 0.040 0.253 — — — —
22 0.046 0.178 0.053 0.364 — — — —
v 2 0.038 0.128 0.043 0.213 0.046 0.164 0.052 0.281
12 0.034 0.135 ’ 0.038 0.223 0.042 0.181 0.046 0.300
1962 23 0.048 0.202 | 0.055 0.419 0.038 0.196 0.042 0.369
m 2 0.048 0.224 0.054 0.423 0.050 0.258 0.054 0.450
13 0.076 0.265 0.090 0.539 ! 0.047 0.212 0.053 0.383
23 0.067 0.252 0.079 0.544 0.051 i 0.239 0.056 0.421
X 3 0.066 0.219 0.079 | 0462 0.061 0.279 0.068 0.517
13 0.058 0.184 0.070 ; 0.379 0.062 0.244 0.071 0.479
X 2 0.107 0.350 0.125 0.666 0.081 0.324 0.092 0.661
| 22 0.072 0.212 0.086 0.425 0.071 0.224 0.084 0.422
X 12 0.067 0.188 0.082 0.381 0.073 0.223 0.087 0.429
Xt 5 0.085 0.224 0.104 0452 0.096 0.271 0.116 0.534
24 0.094 0.220 0.121 0.478 | 0.101 0.243 0.125 0.459
T 14 0.082 ! 0.180 0.105 0.347 0.083 0.210 0.104 | 0417
o 4 0.135 0.289 0.173 0.549 0.108 0.254 0.135 0.487
25 0.091 0.234 0.115 0.511 0.088 0.245 0.105 0.428
1963 5 0.133 0.366 0.164 0.760 0.093 0.258 . 0.113.| 0.507
15 0.089 0.198 0.117 0.410 0.120 0.273 0.158 0.603
25 0.059 0.147 0.073 0.290 : 0.087 0.228 0.105 0.403
v 8 0.096 0.220 0.120 0417 | 0.101 0.244 0.126 0.476
18 0.088 0.217 0.109 0.414 " 0.091 0.250 0.109 0.444

Remarks: on a fresh weight basis.

on a dry weight basis.
on a value deducted residue weight from fresh weight.
on a value deducted residue weight from dry weight.
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Reference table I-5  Seasonal variations of water soluble phosphorous
contents of Abies sachalinensis MAST. (Todomatsu) seedlings.
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Normal shoot ) Lammas shoot
Date a b c | d a bo| e | d

v 12 0.023 0.055 0.029 0.100 0.025 0.068 0.030 0.125
21 0.022 0.052 0.027 0.093 0.026 0.073 0.031 0.134

v 2 0.027 0.112 0:029 0.147 0.064 0.294 0.068 0.408
12 0.024 0.129 0.026 0.199 0.019 0.111 0.021 0.182

22 0.010 0.057 0.010 0.086 — — — —

vi 2 0.012 0.052 0.013 0.087 — — — —
12 0.006 0.024 0.006 0.041 — — — —

22 0.020 0.076 0.023 0.155 — — — —

i 2 0.014 0.047 0.016 0.079 0.017 0.060 0.019 0.103
12 0.017 0.069 0.019 0.114 0.024 0.102 0.026 0.169
1962 23 0.024 0.100 0.027 0.208 0.014 0.071 0.015 0.134
wm 2 0.034 0.159 0.038 0.300 | 0.014 0.073 0.015 0.127
13 0.033 0.113 0.038 0.231 0.019 0.087 0.022 0.157

23 0.036 0.134 0.042 0.261 0.027 0.129 0.030 0.226

X 3 0.035 0.114 0.041 0.239 0.036 0.164 0.040 0.304
13 0.028 0.087 0.033 0.179 0.041 0.162 0.047 0.316

X 2 0.047 0.154 0.055 0.229 0.037 0.147 0.042 0.299
22 0.039 0.116 0.047 0.231 0.047 0.146 0.055 0.277

X1 12 0.030 0.085 0.037 0.172 0.043 0.131 0.051 0.253
Xt 5 0.043 0.114 0.053 0.230 0.057 0.162 0.069 0.320
24 0.049 0.115 0.063 0.249 0.059 0.144 0.074 0.271

I 14 0.023 0.052 0.030 0.100 0.016 0.040 0.020 0.080
; 4 | 0.041 0.087 0.052 0.166 0.049 0.116 0.061 0.221
25 . 0.038 0.099 0.049 0.216 0.052 0.144 0.061 0.251

m 5 0.039 | 0.108 | 0.048 | 0224 | 0042 | 0.117 | 0.051 | 0.230
1963 15 ! 0.036 | 0079 | 0047 | 0.165 | 0.059 | 0.135 | 0.078 | 0.297
25 ] 0.027 0.068 0.034 0.135 0.037 0.097 0.045 0.171

v 8 0.043 | 0.099 0.054 0.187. 0.048 0.117 0.060 0.228
18 ‘ 0.039 l 0.097 0.049 0.184 0.044 0.121 0.053 0.216

Remarks: a; % on a fresh weight basis.
b; % on a dry weight basis.
¢; % on a value deducted residue weight from fresh weight.
d; % on a value deducted residue weight from dry weight.
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Reference table I-6  Seasonal variations of total carbohydrate contents
of Abies sachalinensis MAST. (Todomatsu) seedlings.

Normal shoot Lammas shoot
Date a b c d a b c d

X 26 0.86 242 1.14 4.10 0.81 2.43 1.13 453

X 4 1.04 2.72 1.30 4.35 0.83 2.58 1.25 4.45

16 1.14 3.01 1.45 4.66 1.14 3.34 1.30 4.62

24 1.25 3.06 1.64 4.9 1.03 297 1.41 5.33

1961 Xi 6 1.57 3.70 1.76 5.28 1.27 3.22 1.57 5.01
16 1.59 3.59 1.88 5.58 1.53 3.67 1.73 5.05

27 1.70 434 1.98 670 | 1.49 4.02 1.68 574

X1 12 1.99 4.25 2.63 7.16 1.81 4.10 2.29 6.27

o 8 1.98 4.27 2.35 6.51 1.77 411 201 5.73

v 12 2.50 591 3.10 11.13 2.24 6.04 2.69 11.14

21 273 6.40 3.37 11.44 1.93 548 2.30 10.12

v 2 — — — — 1.24 4.78 111 6.63

12 0.89 4.75 0.96 7.34 0.64 3.66 0.69 6.04

22 — — — — — — — —

Vi 2 1.14 5.11 1.24 8.48 — — — —

12 1.52 6.31 1.69 10.80 — — — —

22 1.06 4.10 1.20 8.21 — — — —

i 2 1.51 5.14 1.71 8.55 1.24 4.42 1.39 7.54
1962 12 1.12 442 1.25 7.34 0.98 4.23 1.08 7.01
23 1.21 5.10 1.38 10.62 0.99 5.10 1.09 9.58

wm 2 0.76 3.52 0.84 6.66 0.71 3.70 0.77 7.48

13 1.10 3.81 1.29 7.78 0.95 4.24 1.06 7.69

23 1.06 395 1.24 8.61 0.95 448 1.06 7.88

X 3 1.60 5.27 191 11.09 1.65 7.53 1.83 13.94

13 1.32 4.12 1.57 8.50 1.09 431 1.24 8.44

X 2 1.43 4.66 1.67 8.92 1.16 4.69 1.34 9.55

22 1.54 4.55 1.86 9.10 1.52 4.75 1.78 9.00

X1 12 1.68 4.70 2.06 9.51 1.51 457 1.78 8.81

Xt 5 1.70 4.48 2.10 9.07 — — — —
24 218 5.13 2.83 11,12 2.31 5.60 2.87 10.58

I 14 242 531 3.09 10.29 2.21 558 275 11.06

o 4 215 4.61 2.76 8.76 2.34 5.65 2.95 10.61

25 1.89 4.87 240 10.65 2,07 5.74 245 10.01

m 5 2.09 5.75 2.57 11.97 2.23 6.19 2,70 12.17
1963 15 2.08 4.63 272 9.55 2.16 4.92 2.85 10.86
25 1.94 4.74 242 9.58 1.85 4.82 222 8.52

v 8 1.96 451 2.47 8.54 1.96 4.77 247 9.32

18 2.21 545 274 10.50 1.92 5.25 2.28 9.33

Remarks: a; % on a fresh weight basis. b; % on a dry weight basis
c; % on a value deducted residue weight from fresh weight.
d; % on a value deducted residue weight from dry weight.
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Reference table I-7  Seasonal variations of total sugar contents
of Abies sachalinensis MAST. (Todomatsu) seedlings.

_Normal shoot L Lammas shoot
Date a b c d a | b c d

X 26 0.31 0.87 0.53 1.88 0.24 0.71 0.49 1.90

X 4 0.51 1.33 0.58 1.95 0.44 1.36 0.50 2.24

16 0.53 1.40 0.67 2.22 0.56 1.63 0.54 2.13

24 0.50 1.22 0.75 2.38 031 | 090 0.60 2.25

1961 1w 6 | o84 | 198 | 097 | 282 071 | 180 | 082 | 280
16 0.93 2.10 1.10 3.26 0.75 1.80 0.85 2.48

27 1.10 2.80 1.28 4,28 0.93 251 1.05 3.59

Xt 12 1.45 3.09 1.72 4.69 1.27 2.88 1.45 3.98

o 8 1.35 291 1.60 4.44 1.07 249 1.22 3.47

v 12 1.08 2.55 1.34 5.01 0.97 2,62 1.17 4383

21 1.04 243 1.28 4.34 0.75 214 0.90 3.95

v 2 — — — — 0.74 2.49 0.58 345

12 0.40 2.12 0.43 3.28 0.27 1.52 0.29 2.51

22 — — — — — — — —

vi 2 0.48 2.15 0.52 3.56 — —_ — —

12 0.60 2.50 0.67 4.27 -— — — —

22 0.34 1.30 0.38 2.50 — — — —

Vi 2 0.73 2.48 0.83 4.13 0.63 2.25 0.71 3.84
1962 12 0.60 2.36 0.67 3.92 0.46 1.97 0.50 3.26
23 0.60 2.53 0.68 5.26 0.38 1.98 0.42 3.72

i 2 0.25 1.14 0.27 2.16 0.17 0.87 0.18 1.53

13 0.50 1.74 0.59 3.56 0.40 1.80 0.45 3.26

23 0.47 1.74 0.55 3.79 0.44 2.07 0.49 3.64

X 3 0.96 3.15 1.14 6.63 1.12 511 1.24 9.46

13 0.62 1.93 0.74 3.99 0.55 2.19 0.63 4.29

X 2 0.69 2.26 0.81 4.30 0.55 2.21 0.63 4.50

22 0.74 2.18 0.89 4.36 0.81 2,54 0.95 4381

X1 12 0.81 2.26 0.99 4.58 0.67 203 0.79 3.9

X 5 0.99 2.61 1.22 5.28 — — — —

24 143 3.36 1.85 7.28 1.59 3.86 1.98 7.29

I 14 1.64 3.60 210 6.98 1.53 3.85 1.90 7.64

o 4 1.38 296 1.77 5.62 1.63 3.86 2.05 7.38

25 1.18 3.04 1.50 6.65 1.40 3.87 1.65 6.75

m 5 1.24 342 153 7.12 143 3.97 1.73 7.80
1963 15 1.20 2.66 1.57 5.50 1.37 3.13 1.81 6.90
25 1.07 2.68 1.34 5.30 1.05 2,74 1.26 4.85

v 8 0.85 1.95 1.07 3.69 1.01 2.46 1.27 3.69

18 0.83 2.04 1.02 3.89 0.81 2.21 0.96 3.93

Remarks: a; % on a fresh weight basis. b; % on a dry weight basis.

¢; % on a value deducted residue weight from fresh weight.
d; % on a value deducted residue weight from dry weight.
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Reference table I-8
of Abies sachalinensis MAST. (Todomatsu) seedlings.

Seasonal variations of reducing sugar contents

Normal shoot

Lammas shoot

Date a bl e | d a b ¢ | d
X 26 028 1 078 | 032 | 112 | 023 | 070 | 025 | 106
X 4 0.30 0.79 0.35 1.16 0.24 0.74 0.27 1.22
16 0.35 0.92 0.42 1.40 0.29 0.84 0.32 1.23
24 043 1.05 0.51 1.67 0.31 0.88 0.35 1.31
1961 XI 6 0.52 1.22 0.60 1.74 0.35 0.89 0.41 1.38
16 0.55 1.25 0.65 1.94 0.49 1.18 0.53 1.62
27 0.57 1.44 0.66 2.27 0.49 1.33 0.55 1.89
X1 12 0.91 1.94 1.08 294 0.77 1.74 0.88 241
o 8 0.71 1.53 0.84 2.33 0.65 1.51 0.74 2.10
v 12 0.75 1.77 0.93 3.23 0.64 1.73 0.77 3.19
21 0.81 1.89 1.00 3.39 0.54 1.55 0.65 2.85
v 2 — — — — 0.37 1.71 0.40 2.36
12 0.24 1.26 0.25 1.94 0.19 1.07 0.20 1.76
22 0.11 0.65 0.12 0.97 — — — —
vi 2 0.25 1.13 0.28 1.87 — — — —
12 0.27 1.13 0.30 1.93 — — — -
22 0.22 0.84 0.25 1.73 — — — —
i 2 0.45 1.54 0.51 2.56 0.43 1.54 0.49 2.63
. 12 0.32 1.25 0.35 2,08 0.24 1.04 0.27 1.73
1962 23 0.42 1.78 0.48 3.70 0.26 1.33 0.28 2.50
m 2 0.16 0.74 0.18 1.39 0.14 0.74 0.16 1.30
13 0.31 1.08 0.37 2.20 0.27 1.23 0.31 2.22
23 0.24 0.89 0.28 1.94 0.26 1.21 0.28 2.13
"X 3 0.35 1.15 0.42 243 0.33 1.51 0.37 2.80
13 0.31 0.97 0.37 1.99 0.35 1.38 0.40 2.69
X 2 0.38 1.25 0.41 2.39 0.30 1.20 0.34 245
22 0.40 1.18 0.48 2.36 0.43 1.36 0.51 258
X1 12 0.60 1.69 0.74 341 0.58 1.76 0.69 3.39
XXt 5 0.87 2.31 1.08 4,68 0.92 2.61 1.12 5.15
24 0.98 2.32 1.28 5.02 1.00 2.43 1.24 4.58
I 14 1.13 249 1.45 4.82 0.97 2.44 1.21 4.85
o 4 1.04 2.23 1.34 4.24 0.97 2.29 1.22 4.39
25 0.91 2.34 1.15 511 0.90 248 1.06 4.33
m 5 0.73 2,01 0.90 4,17 0.81 2.26 0.99 4.45
1963 15 0.93 2.05 1.21 4,25 0.98 2.23 1.29 4.93
25 0.65 1.63 0.81 3.22 0.64 1.67 0.77 2.95
v 8 0.62 1.41 0.77 2.69 0.50 1.21 063 | 237
18 0.39 0.97 0.49 1.85 ‘ 0.39 1.08 0.47 i 1.92

Remarks: a; % on a fresh weight basis. b; % on a dry weight basis.

¢; % on a value deducted residue weight from fresh weight.

d; % on a value deducted residue weight from dry weight.
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Reference table I-9  Seasonal variations of starch contents of
Abies sachalinensis MAST. (Todomatsu) seedlings.
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Normal shoot

Lammas shoot

Date a | b | e | a | b | e | 4
X 26 0.55 1.55 0.61 2.22 0.57 1.72 0.64 2.63
X 4 0.53 1.39 0.74 2.40 0.39 1.22 0.75 2.21
16 0.61 1.61 0.78 244 0.58 1.71 0.76 2.49
24 0.75 1.84 0.89 2.94 0.72 2.07 0.81 3.08
1961 X1 6 0.73 1.72 0.79 2.46 0.56 1.42 0.75 2.21
16 0.66 1.49 0.78 2.32 0.78 1.87 0.88 257
27 0.60 1.54 0.70 242 0.56 151 0.63 2.15
X1 12 0.54 1.16 0.91 2.47 054 1.22 0.84 2.29
o 8 0.63 1.36 0.75 2.07 0.70 1.62 0.79 2.26
v 12 1.42 3.36 1.76 6.12 1.27 342 1.52 6.31
21 1.69 397 2.09 7.10 1.18 3.34 1.40 6.17
vV 2 0.59 245 0.63 3.21 0.50 2.29 0.53 3.18
12 0.49 2.63 0.53 4.06 0.37 2,14 0.40 353
22 0.41 2.40 0.43 3.60 — — — —
vi 2 0.66 2.96 0.72 4.92 — — — —
12 0.92 3.81 1.02 6.53 — — — —
22 0.72 2.80 0.82 5.59 — — — —
i 2 0.78 2.66 0.88 4.42 0.61 2.17 0.68 3.70
1962 12 0.52 2.06 0.58 3.42 0.52 2.26 0.58 3.75
23 0.61 2.57 0.70 5.36 0.61 3.12 0.67 5.86
w2 0.51 2.38 0.57 4.50 0.54 2.83 0.59 4.95
13 0.60 207 0.70 4.22 0.55 2.44 0.61 4.43
23 0.59 221 0.69 4.82 0.51 241 0.57 424
X 3 0.64 212 0.77 4.46 0.53 242 0.59 4.48
13 0.70 2.19 0.83 451 0.54 212 0.61 4,15
X 2 0.74 242 0.86 4.62 0.62 248 0.71 5.05
22 0.80 2.37 0.97 474 0.71 2.21 0.83 419
X 12 0.87 2.44 1.07 4.93 0.84 2.54 0.99 4.90
XX 5 0.71 1.87 0.88 3.79 0.67 1.89 0.81 3.73
24 0.75 1.77 0.98 3.84 0.72 1.74 0.89 3.29
I 14 0.78 1.71 0.99 3.31 0.68 1.73 0.85 3.42
o 4 0.77 1.65 0.99 3.14 0.71 1.69 0.90 3.23
25 0.71 1.83 0.90 4.00 0.67 1.87 0.80 3.26
m 5 0.85 2.33 1.04 4.85 0.80 2.22 0.97 4.37
1963 15 0.88 1.97 1.15 4.05 0.79 1.79 1.04 3.96
25 0.87 2.06 1.08 4,28 0.80 2.08 0.96 3.67
v 8 1.11 2.56 1.40 4.85 0.95 2.31 1.20 4.52
i 18 1.38 3.41 1.72 6.51 1.11 3.04 1.32 540
Remarks: a; % on a fresh weight basis. b; % on a dry weight basis.

¢; % on a value deducted residue weight from fresh weight.

d; % on a value deducted residue weiget from dry weiget.



596

PP Y XRERBOREHNMNR @0

EF & = BB

l1

AR B 5 ZRERE, SHES - REBZEBC TBAAOWAHRTHE, X0K
Bl hKIRAR TROERNHB IR DI L T, “RERIESREREY ST A - &
LCEOKRIROBIZE D, £ 2 THEXRKL THET S - L3k Ko4ERE, BEDH
bR LOKRROEBEX@EHT L LICEBEAFHRHIZE LD, BIC b Fe Ytk TLHE
FEOFFMRYMEL D EAHFRMRT 520, BHCKC TULZRAERYBDH L, 208
HFEFLOVUFOMENMEET 50D, MIFOEN_RERTHZ L4, BEARK
HAYEETZERE D, 0L HHARLELS I TERYMHT 210, ARIKIE
BAFEF COBLHRIE oD, BELZTH L, MIb~ERL TLRETR Y &7t
—HWeEfe s, Lichi-T, ZOBGOERMBEIHIIECTN EoX T {, SR X
ERBHELYFHO, JORYLTE, FPFYOEBARE L CKAERTHOTRFROARR
WEEFR - BB E L ORKIEHOFELOEIC T HEMOBEE LD L OMHE
DRAFABRH L, MEOHORBEOEBFMOMEE ZKERRBEOEREHL ML X
5 &Lte, ZOERIIEBERFBFTIHEROIMROERTEH CTITbAIL LD TH 5,

sk T, THEE N F=YHZOWTS5 B Ea»L 6 BT CORICEARD
EHEFDERERBOGBLZAEL, KREROI SR BL, FIEfoRsn4ERE
FHEROERIEAROM L L O T HMOAE L AEEYHA LR T, BoOLRHA
BB L 8% - B - R, BeBBIERPTTOLEbEBP LA, 6 AT
MCIARIZCERL, M EMERERMTHREREDL (T-R F) 2ME e s 0 &R
RKALS), BBHnEL AL, Thbbii EFomRERNRL, HTHOAR
NELeD, B2rx+) av0ELFTHLHIMETOAERLS Y, BROBEREAEY
CIEFARBICALNTE, Ff, 00X 5 RHEKEREHR/LEHK, KEEER/ 4
B, SRR/ BRI EDLOBWAEHAMS, WL OBEBRPEFAREL V<N
TR,

BIWEB=ZFC RO TL, RKDOXISAFHEYPEL T L, MFE L5 FAER
ARBOKTEEILS ATACERS®RL, TOEBRIV L 7T ALHCREL LD, HY
WL T8 A LRI o&EMETRL, IHEEL L TKREBIHCA -, ZRAERBH LK
R LS eflmanrmL, ZORBIFCEFERBIVBE,» 7o, EFERTORK
edy, #FE, BEMRAHEHLCREORIKSELAOHBAYRL, AR /2 T



597

IR 20 o fe, ZHWAERE TLRERBAREA SRS D e, Ll 7 Hdins 8 H
FRAOZHRARPICEFARE LD OEEY Lic, BEOH L LEH, #HBOBEOK
SfEr TR RREROBBINS5 A LA TH -, £ L TEOEE 4B
YL, 6 Anb 7H EACHT TEMICH » 1o, KEMEE &L KBEEERB OB E L KM&R
HRIcREBTH 2, KEHERILEFRZL VLAV BEETH ~ 1. £RK(EHOBEIZLM
FCRTH-te, 4 AOARMBBITCEBIEHL, 5 AoERICIAR L, X0k
RO R ORI, BHECIIRE LB V0T, oM X 5, HicdkE
TEOWMAE L, -, BTEILORRIIC S 2 -h, 5 AARMKE & LR
L, SATHCE-DEMLASLbLR, “RERMOSALGEE_OEKMELD S bR
foo BOARMCMA TRAMML 4 BlC@WL, 5, BRBRIMs<h T A RGICR
WSS 5 2 EAED R,

A RIICIIKEEER/EEHR, KEEHER/ 288, BETH/ 2K otz hoF
i < bRThlerote, ARG OLEFR/ BB OLIL 6 A ERCREIT £ - 7,
SR/ 2EFRLTH SRR E D, FoRE/KERER, B/ KEEEHL6
B ERCERKE -1,

“RAERBBPICHE, ZRAERBIEBEROREC OV TERFEARIICBOLELY
Lz, LOLEOEHOEIIIE G, ZHIIBOARNKRELBHOEROBIZIHEE Y,
HRLREVOI, ZKRERIEBLERLPZIVI LIS, coBfloeTR &8
B, BIOKBHBEROBEXEFRLERHOIA I KERMCE 1, “WAEREN
TIREOMFMOLER, 2BEBOMIMCHIKL T, KEWES L AEHERIEECKR
ez T o EABBTH S, CORBIOZKRERBOZThZHhOBE Y, EWAR
HOW2BETHEMLL, COZLRIZRARBOROBRRANNEFETHO TR I D ELL
KEVLDEEZ DI ENTES, “KARBCO VL TKEBRHERORILI A LANEZ
DEMERD, HLOBAFEFAERE I VECERR > 72, KEEEROBREOEML 9
AEBTH-T, KWL B UL CEFEEARBE LIV AL -, ChETOEETIL, ZKAE
EOFRRTUEEOEROBHE LB EL L TERT S LINRT, TR X
5 ERBHEBRROBRE D _KARETREOTRERMYIR VT, EFEERB IV LD
Bote, ThbbBBORNL —RARCENCHEL CW3L0EAbR5, Z0OC
LB UER/EER, KEEER/EBROL,, &I TRAERMICIZIERERET
FECHAL, ZRARBE CTIHBCIVEMLCH D, REOHMRIT LI b imbi
5, TRAERTICOWT, KBEHER/EEHRT10 Adans 11 Arhao it & 5
BICEFAERT LD @rofc, ERKBEEHER/2EROLLFEOERMGL, —~RAERMN
i, 1 Avh, 3ATHLE R TED >k,



598

BLED 2 &0b ZHARE, ERBIUBRBROBNT IR IOBICKE-2L, KX
06 frh, TAOEMMCADL WD RKCHONTERI BN R ESRELLLILDLEE
2bhb, CRIEZRARSBEE TEH AR, KEH TYW &, FRBENLIE
Z2EDBROBRNAMEOEBIEN, FOBILCHED 2EEE KL TW5, FHhROHE
BOFEHMLEMELEL TOREIVICDOTH LA, ORI b FeYEEER
B, TRAERHOEMAYBEL TOBMBIOKE X, SIU0EOHLOBEIAHLM L
h, xOHELOBMENEEI R, b FeYERORHEF, Hiolitk, —RAERIE
BHEZOWTEEL R AEERHRNEL I,



