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2 SENNOSUKE YAMAGUCH!I

I Introduction

All problems of the seed, may ultimately come to its morphological,
anatomical, componental, and physiological characters.. Numerous studies
on the storage and germination of seeds have been made in the field of
agricultural science with the purpose of promoting the production and the
utilisation. Concerning the forest seeds, however, in recent years no definite
"progress has been noticed in the problem of relations between the germi-
nation and outer factors and of metabolic phenomenon during the germi-
nation of the seeds. Under these circumstances physiological studies on
the germination of seeds of Picea jesoensis and Picea Glehnii, which are
important forest resources abundantly distributed in all provinces in Hokkai-
do and Saghalien, have not been reported up to the present time. The
writer believes in the urgent necessity of adequate and fundamental on the
important forest seeds, and he has attempted to attack the problem from
the physiological point of view in the present paper.

The writer wishes to express here his sincere gratitude to Dr. Kinco
MivaBg, Professor Emeritus of the Hokkaido Imperial University, and Dr.
Seiva Ito and Dr. Yosuruiko Tochinal, Professors of Botanical Institute
_ of the Faculty of Agriculture, the Hokkaido Imperial University, for their
‘valuable suggestions and kind advices, .To Professors, Dr. Hiroricat
NagasaiMA and Dr. Yosuio Saro in the Forestry Institute of the same
University the writer is greatly indedted for their encouragement and kindly
help during the work. He also wishes to take this opportunity to express
his hearty thanks to Dr. Tersu Sakamura, Dr. Yukio Yamapa and Dr.
HayiME MaTsuura, Professors of the Botanical Institute of the Faculty of
Science, Hokkaido Imperial University, to whom he is likwise indebted

for their kindly help. '

The fore part of the present work is a part of investigations carried
out under the title: “Germination mechanism of forest seed”, with the aid
of funds granted to the writer by the Imperial Academy for the Promotion
of Scientific Researches; the latter half of this work is a part of investi-
gations carried out under the title: “Metabolic physiology of forest seed”,
with the aid of funds granted by the “Hattori Hokokwai”, for both of
which grants the writer wishes to make grateful acknowledgment.

s
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II Materials and Method

As experimental materials the seeds of Yezo spruces, Picea Glehmnii
(Akayezo) and Picea jezoensis (Kuroyezo) were used. "These seeds were
collected at the end of September 1938 in the Teshio and Uriu Experimental

- Forasts of the Faculty of Agriculture, in Hokkaido. The collected seeds

were preserved at —15°C, in the constantly low temperature laboratory
and they were brought out for experiments as necessary. The low tem-
perature laboratory belonging to the Faculty of Science, Hokkaido Imperial
"University, contains two cold chambers of —15°C and —35°C. The ex-
‘perimental procedures of the germination test, the methods of determining
the water absorption by seeds, the degrees of their swelling, the permeability
of the seed coat, and the osmotic value of seeds and seedlings, or the
methods of quantitative micro-analysis of electrolytes and non-electrolytes
are described in detail concerning the respective experiments in the following
chapters. :

III Factors influencing water absorptlon .
by seed during germination ‘

It is a matter of common opinion that ordinary mature seceds absorb
water in ;he first stage of their germination and then germinate on
a moist substratum, that is to say, the supply of water is an important
factor in germination. In general, it is considered that the seeds absorb
water, become swollen and then various material changes and other con-
sequent physiological processes occur in the seeds. In other words, the
first phases of germination of seed can not occur without water. The water
necessary for germination enters into the inner part of a seed through the
seed coat and then is absorbed by endosperm and embryo. The processes
of absorption of water by lxvmg seeds differ of course from those by non-
living materials. :

The absorption of water by various seeds has been reported by many
authors® using such agricultural seeds as corn, soy bean, barley, wheat,
rye, rape, pea, watermelon etc. These authors are of the opinion that the
absorption of water by seeds is markedly influenced by the surrouncing

1) ATKINS (1909), BRENCHLEY and WORLEY (I912), BROWN and WORLEY (1912); SHULL
(1913), EILTER (1914), RirPEL (1918), HARRINGTON and CROCKER (1923), SHULL and SHuLL,
S. P. (1924), DUNGEN (1924}, RUDOLFS (1925), OnGA (1926), WOLFE (1926), JONES (1928), BrownN
(1931), KissER and SCHM[D (1934)
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factors such as temperature, by time, and by structure of the seeds, both
morphological and. anatomical.  For instance, BRENCHLEY and WORLEY
(1912), Brown and WorLey (1912), and Smurr, S. P. (1924) ascertained
that temperature influences the absorption of water by seed and the tem-
- perature coefficient varies with the character of seed, especially the semi-
permeability of seed coat.  BrowN ('190g) and SnurL (1939) confirmed
that the absorption of water by seed is greater than absorption of other
substances and WOLFE (1926) proved that the absorption of water by barley
_grains is influenced by the species and concentration of salts in solutions
in which seeds have been soaked. BrowN (1631) recognized that the pale
‘and the cuticular membranes of the seed have a retarding effect of water
absorption by seed.

From these investigations it may be seen that surrounding factors
and the character of seeds both have a close relation with water absorption
by seed, so far as seeds are living or germinating. In the following ex-

periments the writer attempted to investigate the relation between the water -

absorption by seed of Yezo spruce and the salts, non-electrolytes, hydrogen-

ion concentratlon and temperature in order to discover the significance of *

surrounding *actors in respect to the water absorption by seeds and the
significance of the water absorption in the seed germination. ‘

The amount of absorbed water by seed was determind by measuring
with torsion balance the increased weight of seed after they had been placed
in the Perri-dishes, which were kept in the thermostat for a definite _
number of days. But it is obvious that such a method cannot afford strxctly,
absolute values of the amount of water absorbed by seed, because the
seeds are able to absorb both water and salts. dissolved in it. However
the increased weight of seed determined by the above stated method may
be regarded as practically the value of the weight of water absorbed by
seed, for the reason that water is more absorbed by seed from pure water
than from salt solutions [Brown (190g), StiLEs (1924), and WoLFE (1926)],
and from the writer’s below descrlbed experimental results (Table 1 and
Table 2). .

The absorption of ammonia and chlorine
by the seeds of Yezo spruce

Experiment 1 '

This preliminary experiment was conducted to prove whether the in-
creased weight of seed in salt \solution during germination was directly due
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to the absorption of water or due to the absorption of salts by seeds. It
is reported by MEevius (1928), Mevius and ENGEL (1929), PIrschL (1929),
YamagucH! (1929), and Loo (1931), that the absorption of ammonia by
the root system of higher plants in a solution containing singlb ammonium
salts as the source of nitrogen or in a mixed solution containing various
salts is predominant over that of other cations such as potassium, sodium,
magnesium, etc.  On the other hand, in this paper various chloride-salts
were used as electrolytes. So that in the case of comparison of the amount
of absorbed water and the absorbed salts by seeds of Yezo spruce, ammo-
nium chloride was selected in this experiment as the most suitable salt for
the above mentioned reason. Experiment was carried out as follows : 200
seeds were submerged in 20 cc of the salt solution' in an Erlenmyer’s
flask having a capacity of 50cc: after keeping this vessel for a definite
number of hours in the thermostat of 20°C., the absorption’ of ammonia
and chlorine was determined by micro-analysis of the external solution.
Determination of ammonia.—Ammonia was estimated by the micro-
kjeldahl method. A suitable amount of the sample was placed in a 100
cc long-necked, round-bottomed micro-kjeldahl flask and 2—4 cc of standard
hydrochloric acid (0.01 N) was placed in a 60 cc receiving flask for the
fixation of the ammonia which is evolved, using a 2 cc micro-burette
graduated to 0.01cc and coloured with one drop of 0.05 percent sodium
alfzarin sulphonate as indicator which is introduced by means of a glass
thread. The point of condenser tube should be slightly below the surface
of the acid. - Five cc of saturated caustic potash were added to the sample
through a separate funnel. If the sample exceeds 20cc, it is desired to
heat the micro-kjeldahl flask ‘over a burner to boiling, in order to hasten
the distillation of ammohia. But when the heating was strong and steam
powerful, the distillation usually lasted eight minutes. At the end of dis-
- tillation the receiving flask must be lowered a’little, allbwing the outlet
tube of the cooler to extend above the surface of the acid, so that the
inner side of the outlet tube may be rinsed by the water stream. The last
operation is of great importance. If the apparatus is disconnected before
the lowering of the receiving flask, part of the liquid in the receiving flask °
would remain in the tube. Moreover, it is advisable to lower the receiving
flask and let the water stream pass through the tube usually for two or
three minutes, then wash the outside of the tube with redistilled water.
When distillation was complete, the excess of HCl was titrated with 0.01
N NaOH, using a 2 cc micro-burette graduated to o.01cc. The standard
NaOH was carefully prepared according to the direction of CLARK (1928,
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b. 195), _an’d stored in a non-alkaline glass bottle, to which a micro-burette,
made of glass of the same~quality, and soda-lime guard tubes were attached.
The standard HCl was prepared using the standard alkali solution.

Determination of chlorine.—Chlorine was estimated using silver nitrate,
and ammonium thiocyanate by the method of Rusznvak (1921). A suitable
amount of the sample was transferred into 100cc conical flask by means
of a micro-pipette -and a little excess amount of silver was titrated with
.ammonium thyocyanate using a 2 cc micro-burette graduate to 0.01 cc using
two drops of saturated iron and ammonium sulphate as indicator which is
introduced by means of a glass tube.

The ana]ytlcal results of this Experiment 1 “are shown in Tables I
and 2.

Table 1

Absorption of NHy and Cl by Ficea Glelnic seeds during 2 days.
. . Duration of experiment ; Apr. I0-20. 1940.

C(;l:xcent-f Weight of Per 200 seeds Per 1 seed ‘:v:;‘;ﬁe
ration o : 20 ceeds !
NH,Cl No. | 200seeds | ™"y T o |. Nm, c of 1 seed
- (mol} (gr.) (mg) (mg) . {mg) (mg) (gr.
1086 +1.78 4-0.004 +0.008
0.50 I 0.608> +2.560 +14.180 4-0.012 +4-0.070 0.0030
2 0.5880 +5.100 +5.320 +0.026 +0.026 0.0029
3 0.6340 —5.100 +5.320 —0026 +0.026 0.0032
"Ave, 0.6100 . +2.560 +8.280 40012 +0.040 0.0031
+0.68 +1.42 10.004 -+0.006 :
020 1 0.6340 —8.160 —2.840 —0.040 ~0.084 0.0032
. 2 0.6480 +6.120 —~2.840 +0.030 —0.014 | 0.0032
3 0.6070 | Y+8.160 —1.420 +dog0 | ~-0.006 0.0030
Ave. 0.6297 +6.120 —2.360 +0.030 —0.012 o.oogé
+a.34 +0.70 | zo.002 +0.002 '
o.10 I 0.5900 | s O = 0 + o + o 0.0030
2 0.6620 +42.040 +2.840 +0.010 +4-0.014 0.0031
3 0.5320 +-2.380 + o +-0.012 + o 0.0027
Ave. 0.5047 +2 220 +2.840 +0.012 -+0.014 0.0030
. +0.172 +0.356 +0.0008 +0.0016 .
0.05 1 0.6170 +0.172 40.356 | +0.0008 +0.002 0.003%
2 0.5840: +2.380 +0.356 +0.012 +0.002 0.0029
.3 0.6240 +2.112 + o +40.01T + o 0.0031
Ave. Q.6083 +1.588 +0.356 +0.008 +0.002 0.0030
+0.680 +0.14 +0.0004 | +0.0008
«0.01 1 0.5870 +0.400° 4+ o +0.002 + o 0.0029
2 0-5940 +0.540 + o +0003 | + © 0.0030
3 0.698> +1.360 —0.140 +40.007 —0.0008 0.0035
« | Ave. 0.6263 +0.78 ~—0.140 +0.004 | —0.0008 0.0031

O
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Table 2 \

Absor;jﬁon of NH; and Cl by Picea Glelmii seeds during 4 days.
Duration of experiment; Apr. 10-20. 1940.

* Concent- Weight of Per zoo seeds Per 1 seed Average
ration of | No. | 2 ds weight
NH,Cl O | Boosed L NH, ci NH, cl of 1 seed
(mol) ) (gr) (mg) (mg) | - (mg) (ng) {gr.)
) . +0.86 +1.78 +0.004 +0.008
0.50 1 0.4920 + o + 19,500 + © 40098 | 0.0025
2 0.5840 | —4.260 | . 41780 ~0.022 +0.008 0.0029
3 0.5780 | +2.560 —5.320 +0.012 —0.026 0.0029
Ave, 0.5513 —0.560 +5.320 =g 0.004 + 0.026‘ 0.0028
+0.68 4+ 142 +0.004 + o006
0.20 1 0.6240 +9.520 |. —7.100 +0.048 -0.036 0.0031
2 © 05490 3+-8.160 | ~14.180 +0.040 | —0.070 0.0028
3 0.5920 4+11.840 | —18.440 +-0.038 . —0.092 0.0030
Ave. 0.5883 +11.7€6 | —~13.240 +0.042 —0.066 0.0029
+0.34 +0.7 +40.002 + 0.002
o.10 1 0.6130 ~+2.380 +2.140 -+-0.012 +o0.010 0.0031
2 0.5930 +3.060 + o +-0.016 + o 0030
3 0.5980 + 3.060 +1.420 +0.016 +40.008 0.0030 -
Ave. 0.6013 +2.840 +1.780 +0.014 4-0.010 0.0030
+o172 | 40356 | +£00008 |, +0.0016
0.05 1 06330 | +22I2 | +0.708 +o0.012 —0.004 0.0032
2 05800 | +3060 | 4+ o +0.016 + o 0.0029
3 0.5220 { +2.892 x + 0 40016 | 4+ o 0.0026
Ave. 0.5783 | 42.720 —o0.708 +0.0316 —~0.004 0.0029
5 1068 +o0.14 40.0004 +0.0008
0.01 I 0,5370 +0.480 +0.178 +0.002 +0.0008 0.0027
2 0.5620 +1.160 —0.178 +0.006 —0.0008 0.0028
3 0.5250 +0.660 + o +0.004 4+ o 0.0026
Ave. 0.5413 +0.860. + 0 +0.004 + o’ 0.0027

The results shown in Tables 1 and 2 indicate that the absorbed
amount of ammonia and chlorine by a seed is very small and its value is,
perhaps, within the limit of experimental errors even in the case of am-
monia; though' the ahsorbed amount of ammonia is slightly greater than
that of chlorine regardless of the concentration of ammonium chloride. At
any rate a notable point is that in the results of Experiment .1 the total
amount of ammonia and chlorine absorbed by a seed was very small com-

pared to the amount of water absorbed by a seed as described in Experi-

ments 2, 3, .-.9. Therefore it is matural and right to regard that the
increased weight of seed in the salts solution depends upon the absorption
of water and does not depend upon the absorption of salts themselves

.
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although a small amount of salts, of course, may be absorbed by the seeds
in accordance with the concentration of salts. So that from the results of
Experiment 1 the writer considered that the absorbed amount of water
by seed of Yezo spruce soaked in various solutions may be determinable
practically by weighing the increased weight of seeds. From such a point
of view the following Experiments 2—-12 were carried out.

1 Electrolyte

Experiments 2 and 3 were carried out to investigate the influence of
electrolyte on the absorption of water by seed.  As electrolytes KCl, NaCl,
LiCl, NH,Cl, CaCl,, BaCl,, and AlCl; were selected for use. The con-
centrations of each salt are seen in Table 3 and 4.

The experimental method was as follows: as nearly as possible uniform
sized seeds of Yezo spruce were selected as experimental materials. The
seeds were placed on a sheet of filter paper being spread out to cover the
slide glasses which were laid in PETRI-dishes especxally made for germmatlon
test (Fig. 1).

Fig. 1.,a

(.4

. L oy d
et : c f

b

i . 2

JERN PeTRI-dish b ... slide glass - " ¢ ...... slide glass
d ... filter paper € veueee seed foeans water

The diametei of each dish was about 10cm and its depth was about - ’
1.5cm.  The vessels used in this work were made of non-alkaline glass,
and they were washed with chrom-bisulphuric acid and then throughly
rinsed with tap and distilled water.

After thus prepared germination sets had been kept in the thermostat
of 20°C for a definite number of days, the seeds were rolled on fresh
Afilter paper gently to remove as such of the adherent liquid as possible
‘from the surface of the seeds, and they were then weighed using a torsion
balance. By such method the increased weight of seed due to the ab-
sorption of water’'was detrmined.
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Experiment 2 .

Experiment 2 was perforrhed using seeds of P. Glehnii and KCl,' NaCl,
LiCl, NH,C}, MgCl,,CaCl,, BaCl,, Alé]3. The duration of the experi-
. ment was 2 days and 4 days. Table 3 and Fig. 2 show the results of
this experiment.

Table 3

Amount of average increased weight of the seeds of Picea
Gleloniz in various salt solutions.-
Duration of experiment. Jan., 20-Jan. 31. 1940.

Average increased Average increased weight
Concent- . A
, ?antigxr: weight after {(mg) we‘x{:;;utggf per I mg of seed (mg)
Salt one seed ]
(mol) 2 days 4 days (mg) i 2 days 4 days
9.160 ' 0.87 1.40 3.40 0.26 0.41
KCl 0.010 0.74 L17 3.66 0.19 0.29
' 0.002 ) 0.58 0.97 3.54 0.16 0.27
0.100 0.95 1.56 374 0.25 ,0.42
NaCl 0.010 0.75 1.04 ° 3.50 0.21 0.30
0.002 0.63 0.98 4.00 0.16 0.25
1.00 0.43 0.76 289 o.15 0.26
NH,Cl o.10 0.83 0.90 3.16 0.26 0.28
0.0I 1.17 1.29 3.03 0.39 0.43
" 0.100 1.16 1.29 3.57 0.32 0.36
LiCl 0.010 0.99 1.I3 3.10 0.32 0.36
" 0.002 1.06 1.09 3.71 0.29 0.29
0.100 ) 0.53 0.94 3.76 o.14 0.25
AlCl, 0.010 0.50 0.98 3.34 0.15§ 0.29
0.002 0.66 1.00 3.26 0.20 0.31
: 0.100 0.47 0.82 3.87 0.12 0.21
MgCl, 0.0I0 o.74 1.00 3.90 0.19 0.26
0.002 o071 1.02 4.07 .17 . 0.25
0.100 0.54 1.07 3.60 0.15 0.30
CaCl, 0.010 0.50 0.75 341 0.15 0.22
0.002 058 121 3.66 . 0.16 0.33
~ 0.100 . 0.81 1.07 3-49 0.23 0.31
BaCl, ooro i1 - 1.26 3.16 0.35 0.40
.0.002 0.96 1.07 « 393 0.24 0.27
H,0 0.98 1.46 3.80 0.26 0.38
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Fig. 2
Comparison of increased weight of the seeds of Picea Glehnii after

being soaked in various salt solutions for 2 days.
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The results of Experiment 2 showed clearly that the absorption of
water by the seeds is strongly affected by tle kinds, and concentration
of salts in solution. The absorbed amount of water by seeds of P. Glehnii
in KCI-, NaCl-, and LiCl-solutions was larger than in the CaCl,-, and
MgCl,-solutions.  In LiCl-, KCl-, and NaCl-solutions the absorption of
water by the seeds was greater in the salts. solutions of higher concent-
rations «than in those of lower concentrations. On the contrary - the
absorption of water in CaCl,-, MgCls-, and AlCl;-solutions was less in
the cases of higher concentrations than of the lower concentrations. For
such a manner of absorption of water, the kinds and concentrations of salts
may be considered as one of the most responsible determining factors. In
order to ascertain the relations between the salts and absorption of water
by seed of P. jezoensis and to compare them with P Gleknzi the following
experiment was carried out. '
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Experiment 3

Experement 3 was performed using P. jezoensis; salts and duration of
experiment were the same as in Experiment 2. Table 4 and Fig. 3 show
the results of Experiment 3. ’ ‘

Table 4

Amount of average increased weight of the seeds of Picea

Jezoensts in various salt solutions.
Duration of experiment. Jan. 20-Jan. 31. 1040.

Average increased "Average increased weight .
C t- y Ave
) ‘;:tc;::; weight after (mg) we‘i]g{latg(ff per 1 mg of see§ (mg)
Salt one seed ;
X {mol) 2 days 4 days (mg) 2 days 4 days
¥
o100 ! 0.60 0.77 1.49 0.40 0.52
KCl1 0.010 0.49 0.84 1.93 0.25 0.44
0.001 0.63 0.72 2.11 0.30 0.34
0.100 0.63 0.82 2.14 0.29 0.38
« NaCl 0.010 0.74 L 072 1.97 0.38 0.37
0.002 0.53 0.66 1.go 0.28 0.35
1.00 0.27 0.33 1.94 0.14 0.17
NH,ClL o.10 0.44 0.60 2.11 0.2 0.30
. 0.01 0.47 o.60 v 2.01 0.23 0.30
0.100 0.53 0.58 2.56 0.21 0.23
LiCl 0.010 -‘ 0,56 0.69 2.24 0.25 0.31
0.002 .54 0.66 2.24 0.24 Q.29
0.100 0.24 0.57 1.99 0.12 0.29
AlCI, 0.010 0.40 0.64 2.27 0.18 0.28
0.002 0.36 0.65 2.06 0.17 0.32
‘ 0.100 0.67 - 0.91 1.67 0.40 0.54
MgCl, 0.010 0.46 o.80 1.97 0.23 0.41
0.002 0.41 0.61 2.0l 0.20 0.30
0.100 0.57 0.71 1.97 0.29 0.36
- CaCl, o.0l10 0.69 0.73 2.20 0.31 0.33
0.002 0.54 0.64 2.11 0.26 0.30
0.100 0.86 0.99 2.03 0.42 0.49
BaCl, 0.010 0.83 . 0.98 2,09 0-40 0.47
0.002 0.86 1.00 2.04 0.42 0.49
H,0 0.60 015 208 0.29 0.36
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Fig. 3
Comparison of in¢reased weight of the seeds of Picea jezoensis

after being soaked in various salt solutions for 2 days.
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From Table 4 it will be seen that the relations between the absorption
of water and kinds and concentrations of salts are not so clear as in the
case of P. Glehnii. What is the cause of this unclearness?  First of all,
the difference of size and weight of seeds between P. Gleknii and P. jezo-
ensis.  For exampl, the average weight and size of P. jezoensis seed is
1.8-2.2mg and 1.4X2.5 mm respectively, but that of 2. Glehmv seed is
3.5-4.0mg and 1.9-3.6 mm. Therefore it happened that the difference of
each average increased weight of Seed of 2. jezoensis by absorption of water
in various kinds and concentrations of salts is slight, and in extreme in-
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stances, the determined difference appeared within the limit of experimental
errors. _ ,

The works of RtpoLFs (1925), WoLFE (1926) and PrINGSHEM (1930),
who used pea, maize, wheat, lupine and soy beans as experimental ma-
‘terials, indicated clearly the relations between the differences of absorption
of water by seed and kinds.and /conce_ntrations of salts. Those results
may be attributable to the large size and weight of seeds or grains which
are very large to compare with those of 2. jezoensis used in the present
work. In general, it may be considered that electrolytes which accelerate
the swelling of the protoplasm or softening the plasma membrane have a
tendency to increase the permeability of seed coat or outer layer of inner
seed to water, That is to say, in the above described Experiments 2 and
3, electrolytes such as KCI, NaCl, LiCl, increased more the weight of
seed in salt solutions of the higher concentrations than in the lower con-
‘centrations.  In this case it may be regarded easily from the results of
Experiment 1 that the more increased weight of seed in higher concent-
rations was not due to the absorption of salts themselves but was due to
the absorption of water. On the other hand, the electrolytes such as MgCl,,
CaCl, which check or diminish the swelling of the protoplasm and the plasma
membrane may have a tendency to decrease the permeability‘ of seed coat
to water or salts. In Experiment 2 such salts have decreased the amount
of ‘absorption of water in accordance with increasing the concentration of
salts because of the decrease of the permeability of the seed coat to water.
From the results of Experiments 1 and 2 it may be considered that the
differences in absorption of wates by seed occur in accordance with the
species’ of seed, especially influenced by its size and weight, and with the
kinds and concentrations of salts, more exactly the ionic effects such as
those by K, Na, Li, Ca, or Mg ions.:

2 Antagonism

It has long been known that solutions of certain single salts are toxic
to living organisms placed therein, but that in a mixed solution of these
salts the organisms function normally and are not injured. The works of
OsTERHOUT (1907, 1908), HANSTEEN-CRANKER (1910), Kanno (1921), Hoac-
LAND (1923. a. b.), LuxpecArpi and ‘Moravik (1924), and ILjn (1927)
showed that the presence of one salts influences the physiological function
of another salt. In the present case the following experiment was under-
taken in order to see if the antagonism between the salts can exist in the
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case of absorption of water by seeds of P. Glelnii and P. jesoensis.

N

Experiment 4

This experiment was carried out using . Gleknit and P. jezoensis seeds:
and the following salts : KCI, NaCl, MgCl,, and CaCl,. The concentration
of salts was 0.1 mol, and two salts were mixed in various ratios as
following: details are seen in Table 5.  CaCl, : KCl, KClI :NaCl, NaCl:
CaCl,, MgCl, : KCl, MgCl, : NaCl, MgCl, : CaCl,. The determination of
absorbed water by seed was conducted in the manner described above in
Experiment 2. Tables 5 and 6 show the data of this experiment.

- 7 Table s

Amount of average increased weight of the seeds of
Picea Glelnii in mixed salt solutions.

Average increased Average Average increased weight

, weight after (mg) green per T mg of seed after (mg)

Salts weight e

2 days 4 days 6 days 0{)::5‘1 ‘2 days 4 days 6 days

H,0 LI 1.3 1.7 2.3 - o4 o5 0.7
CaCl, ' 0.9 1.1 .3 2.7 0.3 0.4 . 0.5
Ca(3): K (2) 1.2 3 1.4 2.9 0.4 0.5 0.5
Ca(1): K(4) L5 1.5 1.6 2.4 0.6 0.6 0.7
Ca(1):K(9) {. 10 1.2 L4 of8 0.6 | 0.7 0.8
"KCl 0.8 0.9 1.1 2.8 0.3 0.3 ' o4
K (9): Na(r1) 11 1.4 1.6 | 34 0.3 0.4 0.5
K (4):Na(1) 1.4 1.4 1.5 2.9 0.5 0.5 0.5
K (z2):Na(3) g 1.5 1.8 35 0.4 0.4 0.5
NaCl 1,9 1.1 1.2 ‘2.9 0.3 0.4 0.4
‘Na(9):Ca(1) 1.2 1.4 1.6 2.3 0.5 0.6 0.7
Na(q):Ca(1) 1.1 1.2 1.3 2.1 0.5 0.6 0.6
Na(2):Ca(3) 0.4 0.6 0.9 2.9 0.1 0.2 0.3
MgCl, 1.2 1.5 1.6 3.1 0.4 0.5 0.5
Mg(9): K (1) 1.0 1.2 I3 2.2 0.5 0.5 0.6
Mg(4): K (1) 0.9 LI 1.2 3.0 .03 0.4 04
Mg(2): K (3) I.I 1.4 . 1.4 2.6 0.4 0.5 0.5
Mg (1): Na(9) 1.2 1.3 1.4 3 0.3 0.4 0.4
Mg (1): Na(4) 13- 1.3 1.6 2.8 0.4 0.4 0.6
Mg (3): Na(2) 1.0 1.2 1.4 2.7 0.4 0.4 0.5
‘Mg (9):Ca(x) 0.8 1.0 1.2 2.3 0.3 0.4 0.5
Mg (4):Ca(1) 1.3 L3 1.6 2.4 0.5 0.6 0.7
Mg (2):Ca(3) 1.0 LI 1.3 2.1 0.5 0.5 0.6
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Amount of average increased weight of the seeds of

Picea jezoensis in mixed salt solutions.

.ISF

‘ Average increased ‘ Average Average increased weight
g g g

{ weight after (mg) green per 1 mg.of seed after (mg)

Salts ; - W‘faigh(t1

} 2 days 4 d@ys * 6 days 0“:; 2 days 4 days 6 days

H,0 . 06 0.9 1.2 2.5 0.2 0.4 0.5
CaCl, 0.6 0.8 1.2 2.5 0.2 0.3 0.5
Ca(3): K(2) 0.7 [+ %1 1.1 2.1 0.3 0.4 0.5
Ca(¥): K(4) 0.4 0.9 [ 2.3 0.2 0.4 0.5
Ca{1): K (9) 0.6 1.1 2 2.2 0.3 0.5 0.5
KCi 1.2 1,2 1.5 2.2 [+ X3 0.5 0.7
K (9):Na(1) 0.6 0.8 1.0 2.0 0.3 0.4 0.5
K (4): Na(1) 0.5 0.5 I.X 1.8 0.3 0.3 0.6
K {2):Na(3) 0.3- 0.5 1.2 2.0 o2 0.3 0.6
NaCl 0.4 a7 g 2.1 0.2 0.3 05
Na(9): Ca(r) 0.7 IO 1.1 23 0.3 0.4 o5
Na(4):Ca(1) 0.5 0.7 1.0. 2.4 0.2 03 0.4
Na(2):Ca(3) 0.5 0.9 LI 2.5 0.2 0.4 0.4
MgCl, L1 814 L3 1.8 0.6 0.8 0.7
Mg(o): K (1) 0.7 L2 14 1.9 0.4 0.6 0.7
Mg (4):K (1) 0.6 L1 1.3 19 0.3 0.6 0.7
Mg (2): K (3) 0.6 Lo 1.2 1.7 0.4 0.6 0.7
Mg{9): Na(1) | 0.9 10 1.3 23 04 0.4 0.6,
Mg (4) : Na(1) 0.6 0.8 1.2 2.0 03 0.4 0.6
Mg (2y: Na(3) 0.8 1.2 1.4 2.2 0.4 0.5 0.6
Mg (9):Ca(1) 0.7 1.2 L3 - 2.3 0.3 0.5. 0.6
Mg(4):Ca(r) | o7 1.1 1.3 1.3 0.5 0.8 1.0
Mg (2):Ca(3) 0.6 1.0 1.3 1.9 0.3 0.5 0.9

-

From Tables 3 and 6 it will be seen that the absorption of water by

seeds of P. Glelurii and P. jezoensis is usually more accelerated in the KCl

solution than in another salt.

absorption of water was observed obviously in both seeds in Exp. 3, and
The effect -

The accelerating effect of KCI upon the

KCl was more fovourable to absorption of ‘water than NaCl

of NaCl and MgCl, on the absorption of water was nearly the same.
CaCl, was worst of all in respect to the acceleration of water absorption
but the retarding effect of CaCl, upon the absorption of water, as observed
in the case of P. Glelui, was not obvious in P. jezoensis.
salts in regard to accelerating the absorptian of water was found as follows:
KCI>MgCl; >NaCl>CaCl,.  As seen in this series KCl and MgCl,

The order of
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were found to bé favourable to the absorption of water. But whenever
the experimental material was changed, the favourable effects were often
replaced by unfavourable and instead of acceleration, a retardation of water
absorption usually took place. The effects of the mixed salt solutions of
KCl and CaCl, on the absorption of water were less’ than. that of KCl,
and the more the amount of KCl was mixed in, the less the effects of
 CaCl, became. In general, in each mixed salt solution, in the presence
of CaCl, salt tlie absorption of water was niore or less retarded, while in
the presence of KCl or NaCl salts the absorption of water was more or less
accelerated. From these results of Experiment 3 it may be seen that
between the following cations there exists antagonism on the absorption
of water: Ca and K, Ca and Na, K and Mg, and that K and Na are
not antagonistic to each other. Such an antagonistic action of K and Ca
cations has also been observed by BRENNER (1920) and Kanno (1924) in
their studies on the effect of salts on the resistance to the acid of plant
protoplasm.!  HANSTEEN-CRANNER (1919) observed the different effects of
K and Ca on the dissolution of phosphatide out of storage tissue of red
beet and root system of seedlings. ‘BENECKE (1907) has studied the
retarding effect of calcium ion on the entrance of iron into Spirogyra.
Their results showed that K furthers the' swelling of protoplasm and Ca
retards it. In Experiment 4, also, the effects of K and Ca cations on the
increasing of seed weight or the absorption of water may be explained .on
the ground of the difference of the effects of these ions in changing the
properties of the seed coat and the seed itself.

3 Non-eleetrolyte

It is generally well known that the action of non-electrolytes on living
organisms differs from that of the electrolytes in respect of the osmotical
phenomenon, action of ions or molecules and their specific action®, for
example, special permeability of urea and glycerine.  In this section the
following Experiments 5-8 were made to investigate the effect of non-
electrolytes on the absorption of water and to compare” with that of electro-
lytes observed in Experiment 3 described previously.

1) DE VwiEs (1889), FiTynG (1917), HOFLER and STIEGLER (1921), HGFLER and WEBER

(1926), YAMAGUCHI (1930), BOGEN (1937, 1938).
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Experiment 5

Saccharose and seeds of P. Glelnii and P. jezoensis were used.. The
'method of determination of increased weight of seed and other experimental
methods of Experiments 5—8 were the same.as in Experiment 2.  The

results of the present experiment are shown in Tables 7 and 8 and in

Fig 4.

Table 7

Amount of average increased weight of the seeds of Picea
Glelmii in saccharose solution, Temp. 20°C

Duration of experiment: Jan. 11-Feb. 20. 1940.

R © 1) Sep. I12. 1940-Sep. 20. 1940.
Concent- ’ Average ‘increased Average | Average increased weight
ration weight after (mg) green per X mg of seed (mg) after
of . weight .
saccharose of one

(mol) 2 days | 4 days | 6 days | 8 days seed(ing) | 2 days | 4 days { 6 days | 8 days

1.00 0.38 0.64 _ —_ 3.'53 é 0,11 018 | — —
0.80 o.A94 0.98 —_ —_ 3.57 5 0.26 0.27 — —_
0.60 0.84 0.96 — — 287 | oz29 0.33 —_ S—
0.450 0.56 0.79 1.03 LIo 2.86 0.20 0.28 0.36 0.38
040 | 093 1.20 - - 3.13 0.31 0.38 — —_

0.40D 0.86 1.04 1.21 1.44 2.93 0.29 0.35 0.41 0.49

0.350 0.86 1.07 L.I5 1.20 2.99 0.29 0.36 038 0.40

0.20 1.04 117 —_ —_ 3.34 0.31 0.35 — —
0.10 oqgo 1.27 —_ —_ 4.01 0,22 0.32 —_— —
0.02 1.0§ 130 - - 3.89 0.27 033 | — —

o.o1 114 .36 | — - 4.07 0.28 | 033 - —
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Table 8

Amount of average increased weight of the seeds of Picea ’
Jezoensis in saccharose solution. Temp. 20°C .
Duration of experiment: Jan. 11-Feb. zo. 1940. /
‘ 1) Sep. I2. 1940~Sep. 20. 1940.

[

Concent- Average increased Average Average increased weight
ration weight after (mg) green- per I mg of seed (mg) after
of weight 3
saccharose of one

"~ (mol) 2 days | 4 days | 6 days | 8 days seed(mg) | 2 days | 4 days 6 days | 8 days

1.00 0.45 0.64 — — 2.00 0,23 0.32 — -_—
0.80 0.44 0.60 — —_ 2.30 0.19 0.26 —_ _—
0.60 0.29 033 —_ _— 2.26 0.13 0.15 — —_
0.40 0.51 0.83 —_— —_— 2.07 0.25 0.40 —_ —_—

0.351 0.69 0.93 1.01 1.06 1.83 0.38 0.5 0.55 0.58

0.30 o0.60 0.94 1.06 1.00 1.36 0.44 0.69 0.78 0.74
0.25 0.83 .13 | L23 1.20 2.36 0.35 0.48 0.52 Q.51
0.20, 0.54 0.86 —_— — 2.01 0.27 0.43 - L —
o.10 0.63 0.84 —~— .-— 2.10 0.30 0.40 - —
0.02 . 0.53 073 7 — _ 1.93 0.27 0.38 —_ —
0.01 ' 0.85 103 — — 2,03 0.42 0.51 —_ —

'

The results of Experiment. 5 {Table 7) show that the -increasing -of
"weight of seeds laid on the moistened filter paper with saccharose solution
of higher concentrations than 0.4 mol is less than in the solution of lower
concentrations. In general, the higher the concentration.of saccharose the
less the inciease of seed weight became. In other words, the absorption
of water by the seeds in the saccharose solution of lower concentrations
is larger than in the solution of higher concentiations. Such a tendency
as stated above is the same in both.seeds, £ Glefuui and P. jesoensis:
In these cases, the osmotic phenomenon and permeability of saccharose
may’ be important factors influencing the absorption of water by the seeds in
relatipn to the concentration of saccharose solution. The mechanism of
the absorption of water by seed may be related intimately with the suction
force of seeds or seedling, and this suction force may govern the germination

)
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of seeds. There will be some discussion of these problems in the latter -
parts of this paper considering the permeability of saccharoge and suction
force of seedlings.

Fig. 4
Comparison of increased weight of the seeds of Picea Gle/nii and
) Ficea jesoensis after being soaked in saccharose solution
of varions cancentrations for 2 ot 4 days.
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) Experiment 6

Glycerine and seeds of P. Glehnii and P. ]ezoenszs were used. Results
are shown in Tables g and 10 and Fig. 5.

From the tabulated results it may be seen that the increasing of seed
weight in the glycerine solution of higher concentrations is less than in the
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Table o

Amount of avegage increased weight of the seeds of [Fucea
Gleloiz in glycerine solution. Temp. 20°C.
Duration of experiment: Jan. 25-Feb. 2. 1940.

- 1} Feb. 24-Mar. 3. 1940.

Concent- Average increased Average Average increased weight
ration weight after (mg) - | green - per 1 mg of seed (mg) after
of weight
gl():rc‘zxii)ne 2 days |4 days'| 6 days | 8 days se(:afc-i(or:; 2 days | 4 days | 6 days | 8 days
1.30 098 ‘l 122 ] 1.50 170 ‘3.11 0.32 039, | 048 | o035
120 083 ‘ 0.97 ‘ 1.13 LI3 2.63 0.32 0.37 0.43 0.43
1?10 } 0.94 D116 | 1.30 1.40 283 0.33 0.41 046 | 0.49
1.00 ( 0.91 ( 1.16 } 1.08 116 3.29 0,28 0.35 0.33 0.35
1001} E ‘1o | 1.30 ‘ R 373 -0.29 0.35 - —
o.So " 1.09 : 1.10 : 1.22 — 3.47 0.3 0.32 0.35 —_
o060 ' 097 | LI4 ; 1.40 - 3.89 0.25 0.29 0.36 —
040 i 107 ’ LI9 f 1.40 -— 364 0.29 .33 0.38 —
0.20 ‘\ 081 | 130 | 135 — 7&,.89 0.21 0.33 0.35 —
0.101 Lig ' 139 0 — — 3.66 0.32 0.38 — —
oo 1.39 J 1.43 L — —_ 3.30 0.39 0.43 —_ -
H,0 1.26 . 1.43 { — - 3.56 a.35 0.40 — —
Table 10 :
Amount of ayerage increased v;}eight of the seeds of Picea
Jekoensts in glycerine solution. Temp. 20°C.
Duration of experiment: Jan. 26-Feb. 3. 1940.
1) Feb, 24-Mar. 3. 1940.
‘Concent- " Average increased Average Average increased weight
* ration weight after (mg) . green per 1 mg of seed (mg) after
of - f weight
gl‘(}:xclzrlx)ne 2 days | 4 days \ 6 days | 8 days se(;fi(olgz) 2 days | 4 days | 6 days | 8 days‘
1.30 o40 | o070 | 085 | 100 2.09 org | 033 | o41 | 048
RENNE ‘ 0.54 0.86 0.73 080 207 | 026 0.42 0.35 0.39
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Table 10 (Continued )

Concent- Average increased Average Average increased weight
ration weight after (mg) green per 1 mg of seed (mg) after
of weight
' gl():;z;i)ne 2 days | 4 days | 6 days | 8 days s:efdz)r!r]\z) 2 days | 4 dgys 6 days | 8 days
nIo 0.40 0.61 0.48 0.60 174 0.23 0.35 0.28 0.34
1.00 0.63 1.08 0.93 1.00 1.81 0.35 060 | o051 .55
1.001 0.60 0.75 -_ — 1.90 031 | 030 —_— —_—
0.80 6.70 0.73 0.88 — | 221 | o3z vo.33 0.40 —_
060 0.60 0.68 0.78 — 2.46 0.24 0.28 0.32 _
. 0.40 0.71 0.88 098 | - 2,17 6.33 0.41 0.45, —_—
oz | ogo 10.76 "0.88 — 2.19 0.32 0.35 0.40 —_
o.101) 0.91 1.06 — —_ 1.86 . o.;;S 0.57 —_ ...’
0.011) 0.66 0.78 — — 2.26 0.29 0.35 - —_—
H,0 : 0.0 0.74 — 7 —_ 219 | o031 | 033 —_— —

lower concentrations, but the difference of increasing of seed weight ob-
served in the solutions of higher concentrations and in those of lower ones
is less than that in the solutions of saccharose. This difference in weight
increase between glycerine and saccharose, perhaps, may be due to the
higher ‘permeability to glycerine.? According to Firring (1919) the con-
centration of glycerine at incipient plasmolysis is larger than that of
saccharose, though its values vary with the species of materials and the
differences of experimental methods. That is to say, glycerine more easily
permeates the plant cells than saccharose does. Therefore, in the present
experiment with glycerine, it may be considered that the seeds may absorb
both water and glycerine, though -the absorption of water is®very large in
volume in comparison with that of glycerine. Consequently it may happen
that the increasing of seed weight in the glycerine solution of higher con-
centration ‘was not so small in comparison with that of the lower concent-
rations as was seen in the saccharose solution. Experiments on the high
permeability of glycerine and its physiological réle on the germination of
seed will be reported at a later chapter of this paper.

. .
1) Kuess (1887), pr Vrigs (1888), FITTING (1919), BARLUND (¥929), SCHMIDT (1936), KRrEUZ
(1941). '
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Fig. 5
Comparlson of mcrea.sed weight of the seeds of .chm Glehnii and
Picea jezoensis after being soaked in glycerine solution of
various concentrations for 2 or 4 days.
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Experiment 7

Urea and seeds of P. Glehnii and P. jesoensis were used The results
are shown in Tables 11 and 12 and Fig. 6.

The results shown in Table 11 and Fig. 6 indicate that the increasing
of seed weight of P. Gleknsi in urea solutions of higher concentrations was
decidedly superior to that in the solutions of lower concentrations. This
case differs greatly from that of saccharose. The dxvergence between the
results of urea experiment and those of saccharose experiment may depend,
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Table 11

Amount of average increased weight of the seeds of Picca
* - Gleknii in urea solution. Temp. 20°C.
Duration of experiment: Jan. 10-Jan. 16. 1940.

Concontraton | A1eafe ineresssd WML | pverage | Aveste rend weight

of urea’ - weight of one i

(mol) 2 days 4 days seed (mg) 2 days ' 4 days
x‘.oo 0.88 " 1.47 3.59 0.25 - B .1
080 1.06 " L26 » 3.02 "0.3% o4z
0.60 1.20 1.33 3.24 037 0.43
0.40 . L00 1.16 3.71 0.27 o.ﬁi
0.20 1.34 1.34 3.97 0.34 0.34
o.10 0.87 112 4.03 0.22 0.28
0.02 .55 0.83 3.79 o.15 - 0.32

“Table 12 '

Amount of average increased weight of thé seeds of Picea
Jezoensis in urea solution. Temp. 20°C.
Duration of experiment: Jan. 10-Jan. 16. 1940.

Concentetion | Aveagc ersaed wIEHE | pverage || Ao el weight

of urea weight of one

{mol) 2 days 4 da&s seed (mg) 2 days 4 days
1.00 0.63 0.73 1.89 0.33 0.39
0.80 - 0.80 0.87 1.81 0.4 0,48
0.60 0.76 0.84 © 220 © 035 0.38
.40 0.59 1.00 2.14 0.28 0.47
o;zo 0.66 1.14 2.07 0.32 0.55
a0 0.56 0.63 1.87 o0’ 0.34
002 o8 086 2.00 0.39 0.48
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. Fig. 6 j
Comparison of increased weight of the seeds of Picea Gleknti and
Picea jesoensis after being soaked in ured solution of
various concentrations for 2 or 4 days.
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absolutely, on the physico-chemical difference of urea and saccharose. Of
course, urea permeates” very easily through the plasma membrane of plant
‘cells. -This fact can be demonstrated by the deplasmolytic or plasmolytic
“method using urea in surrounding solution.  Therefore.if the seeds are
_ soaked or laid in the urea solutions of various concentrations, it may occur
that the seeds absorb both’ water and urea, and accordingly the increasing

1) pE Vmies (1889), {Frrring (ig17), HOFLER and STIEGLER (I921), HOFLER and WEBER
(1926), YaMacuchi (1930),WHOFLER (1934), WAHRY (1936), HEM (1937), BoGEN (1937,
1938), and KREUZ (1941).
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of seed weight in urea solutions does not appear in parallel with the
increasing or decreasing of the concentration of urea’as was seen in the
experiment with saccharose.” In this case urea may play a role in accelerat-
ing the water absorption, and the special permeability of urea itself may
be regarded as an important factor in the increasing of seed weight in urea
solutions of higher concentrations. But, these phenomena were not
recoghized, so clearly with the seeds of P. jesoensis as with those of P.
Glelnii (Table 12).  Possibly it happened because of the small size and
weight of the seed of P. jesoensis as pointed out already in this paper.

Experiment 8 o .

Alcohol and séeds of P. Glehnii and P, _;'eéoezzsz;; were used. Results

s

are shown in Tables 13 and 14 and Fig. 7. ' \

‘- Table 13

Amount of average increased weight of the seeds of Picea
Gleliit in - alcohol solution. Temp. 20°C.
Duration of experiment: Mar. 16—12. 1940.

Concentration Average increased } Average | } Average increased weight
of alcohol weight after .(mg) 1 weight of | | Per 1 mg of seed after (mg)

% 2 days | 4 days | seed (mg) * 2 days 4 days

i !
i {

H,0 1.00. 1.40 3.45 0.29 0.41

1 0.99 1.14 3.29 0.30 0.35

5 0.91 . 1.06 3.54 0.26 0.30

o | 1.01 1.07 3.34 o3 0.32

Table - 14 -

Amount of average increased weight of the seeds of Picea
Jesoensts in alcohol solution. Temp. 20°C.
Duration of experiment: Mar. 16-22. 1930.

Concentration Average increased Average Average increased weight

of alcohol weight after (mg) weight of per I mg of seed after (mng)
% 2 days 4 days seed (mg) 2 days 4 days
H,0 0.40 0.56 2.20 : 0.18 0.25
1 0.40 0.52 2.19 0.18 0.24
5 0.30 0.45 2.46 .12 0.18
10 0.47 . 0.57 2.17 .22 0.26
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Fig. 7
Comparison of increased weight of the seeds
of Picea Glehnii and Picen jezoensis after
being soaked in alcohol solutions of various

The results of Exp. 8 showed
no increase.of the weight of seeds
which were laid on the filter paper

concentrations for 2 or 4 days,

moistened with alcohol solution of

L.40 various concentrations. From these

ol results the question arises whether

\ * alcohol is’ or is not beneficial for the

1.20 \~\ , absorption of water complicated by

110 '\-\_\ 0.G 4 days the fact that alcohol . itself is very
''''''' absorbable by seed. In the latter .

Bt RN 2 G* s> case the specific gravity of alcohol
0.90 T~ is responsible for the decreasing of

seed weight owing to the increasing

oo of alcohol percentage, because the

0.70 specific gravity of alcohol solution is

decreased in accordance with the in-
creasing of the weight of alcohol in
alcohol solution. In consequence of
this one, or two processes, a decreas-
ing of seed weight may result, be-
cause of the special perméability of
020 | . alcohol for plant cells as reported
by ‘ToivoNeN (1934) and RUHLAND,

Increased weight of seed

Utrrica and Expo (1938). Further

mg SRy T ‘ f .
considérations on these problems will
,§§ e § be presented in a later part of the

present paper.
Concentration in percent

4 Hydrogen-ion concentration

Since the fundamental works of SORENSEN (1gog), MicHAELIs (190g), -
SmaLrs (1929) and others were published it has been ascertained that the
concentration of hydrogen-ions is one of the important factors in the re-
gulation of the physiological phenomena of living organisms. Concerning
the present problems of the absorption of water by seeds it is highly
probable that the hydrogen-ion concentratipn may play also an important
role. 'Experiment 9—-14 were intended to see how the hydrogen-ion con-
centration influences the absorption of water by seed. Solutions of various
concentrations of hydrogen-ions were made up using a buffer. mixture.
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Among several kinds of buffer mixtures, organic and inorgani¢, sodium
phosphate mixture, perhaps, is the most favourable one for biological studies.
Loo (1931) made the following statements ‘about it; firstly it is not toxic
to living cells as phthalate or acetate are; secondly, both the cation and
anion are poorly absorbed by the plant and its effect on the absorption is
relatively insignificant as compared to K, Ca and other ions, beside these
good points the sodium phosphate mixture possesses tolerable buffer power
at comparatively low concentrations and therefore is very suitable for the
- present purpose..  SAKAMURA (1930 a, b) and Yamacucar (1929), also, used
this - phosphate mixture in their biological studies. For these reasons, a
sodium phosphate mixture was employed in the present study. As stock
solutions, M/s H3PO, (MERCK’s guaranteed reagent), M/5 NaH 2P0, (Ta-
KEDA extra pure) and M/s Na,HPO, (TakEpa pro al]aIYSIS) were prepared ;
a fixed amount of them was taken with bu1ette and diluted to secure the
1eqmred pH- value

Experiment - 9

i

In the present experiment the concentratxon of phosphate mixture was
M/s. The quantity of phosphate in the phosphate mixture of various pI—I—

li
values was constant, and they were mixed in the following proportions.

pH M/s My Mfs Obtained

series HgPO, cc. | NaH,PO, cc. Na,HPO, cc. pif -
3.0 : 10 90.0 o } 3.0
40 1.0 -99.0 o 4.0
50 : o 970 I 30 50
60 h o 70.0 | 30.0 6.0
7.0 | o X é4.o . _76._0 . . 7.0 ’
8.0 ' o 2.0 ; 98.0 80 °
9.0 o o 100 8.8

) Results are shown in Tables 15 and 16.
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" Table 153

 Amount of average increased weight of the seeds of Picea
© Glehnii in different pH-value solutions. PO,-C,® M/s.®
' Duration of experiment: Dec. 1-6. 1941.

Average increased weight Averdge Average increased weight

after (mg) green per I g of seed after (mg)

pH ; weight of :

2 days j 4 days 6 days on(emsge)ed 2 days L4 days 6 days

H,O 0.7 0.9 1.4 4.0 0.2 02 0.4
3.0 0.5’ 0.9 14 3.3 o.1 0,2 0.4
40 | 06 I.X L 1.4 3.8 0.2 0.3 0.4
5.0 0.3 o8 1.0 35 o.x a.z 0.3
6.0 08 LI 1.1 36 0.2 0.3 0.3
7.0 0.7 i LI 1.4 3.9 0.2 0.3 0.4
8.0 0.7 0.9 1.4 3.5 0.2 0.3 0.4
8.8 0.y 1.2 1.3 3.9 0,2 0.3 ‘0.3

1). Quantity of phosphate in phosphate-mixture solution of vacious pH-value is uniform,
2) Concentration of phosphate mixture.

'

Table 16

Amount of average increased weight of the seeds of Picea
N _ Jezoensis in different pH-value solutions. PO,-C, M[s. -
~ Duration of experiment: Dec. 1-6. 1941.

Average increased weight Average Average increased weight
after (mg) green per I mg of seed after (mg)
pH weight of |—
2 days 4 days 6 days on&jge)ed 2 days 4 days 6 days
H,O 0.5 0.9 I.1 24 - oz 04 '0.5'
30 0.9 1.2 1.3 1.9 0.5 0.6 0.7
4.0 1.2 . ) | 1.7 1.6 0.8 1.0 1.0
5.0 0.4 0.6 0.8 2.5 ©o02 0.2 0.3
6.0 0.6 o.7 1.0 2z | 0.3 03 . |- o§ -
7.0 0.6 07 1.0 2.1 0.3 0.3 o5
8.0 0.6 - [eX:] 1.2 2.4 0.3 0.4 0.5
8.8 08 0.9 0.9 26 0.3 0;3 0.3
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Experiment 10

In the present experiment the concentration of phosphate mixture was
M/10. The quantity of phosphate in buffer solutions of various pH-values
was uniform. Results are shown in Tables 17 and 18.

Table 17

Amount of average increased weight of the seeds of Picea
* Glelmii in Qifferent pH-value solutions. PO.~C, M/10.
Duration of experiment: Feb. 22-28. 1941I.

Average ‘increised weight Average Average increased weight

after (mg) ‘green per 1 mg of seed after (nig)

pH weight of .
2 days 4 days 6 days on(emsge)ed' 2 days 4 days 6 days
30 ‘ 0.5 0.7 LI 3.7 0.1 0.2 0.3
40 | 06 0.8 ;1 37 0.2 0.2 0.3
5.2 ‘03 0.6 1.0 4.2 o.1 o.1 0.2
5.9 o.7 1.0 LI 3.8 0.2 0.3 | 0.3
6.8 0.8 0.9 0.9 37 0.2 0.2 ! 0.2
7.9 0.3 0.5 0.6 35 0.1 o.1 0.2
8.6 0.5 o.7 1.1 34 or 0.2 0.3
L]
Table 18

Amount of average increased weight of the seeds of Picea
Jezoensts in different pH-value solutions. PO,-C, M/10.
Duration of experiment: Feb. 22-28. 1940. .

Average increased weight Average Average increased weight

after (mg) green per 1 mg of seed after (mg)

pH weight of |—
2 days 4 days » 6days | Dn(emf;)ed 2 days 4 days 6 days .

3.0 0.4 0.5 0.6 2.0 " oz 0.3 0.3
4.0 0.4 0.4 0.6 s20 o.X or 0.2
5.2 0.2’ 0.6 0.8 2.6 o 0.2 0.3
5.9 03 0.4 0.9 2.5 o.1 0.2 0.4 -
6.8 02 0.3 0.6 L8 o.1 0z 0.3
7.9 0.6 o.7 0.7 2.8 0.2 0.3 0.3
8.6 0.5 c.8 ¢ 2.2 0.2 04 0.3
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Experiment 11

In the present experiment the coﬁcentratid;x of phosphate was Mjzs.
The quantity of phosphate in buffer solutions of various pH~values was
uniform. Results are shown in-Tables 19 -and 20.

Table. .19

Amount. of average increased weight of the seeds of Picea
Glelinii, in different pH-value solutions. PO;—‘C,'M/zs.
Duration .of experiment: Feb. 27-Mar. 4. 1941.

Avérage increased weight - | Average Avesage increased weight

g . after (mg) green per 1 mg of seed after (mg)

pHL weight of .
2 days 4 days 6 days on(;za)ed 2 days 4 days 6 days
3.t 1.2 1.4 1.6 33 o4 ‘o4 0.5 .
40 - 0.9 0.9 | 1.3 3.5 - 0,3 o3 0.4 .

5.8 * 0.9 11 17 36 0.3 0.3 - 05

6.0 1.2 L3 1.5 3-3 ‘0.4 C 04 0.5

6.8 0.6 0.6 1.0 4.0 0.2 L 0,2 03
8.0 0.6 1.0 13 39 0.2, “0.3 - 03"
8.5 . 0.9 1.1 37 0.3 , 02 L 03

. ) : N .
Table 20

Amount of average increased weight of the seeds of Picea
Jezoensis in different pH-value solutions. PO -C, M/z5..
Duration of experiment: Feb. 27-Mar. 4. 1041. !

Average increased weight Average Average increased weight

: after (mg) green “per I mg of seed after (mg)

pH : | weight of
2 days 4 days 6 days on(f;'nsée)ed 2-days 4 days 6 days

3.8 08 10 . 1z 2.2 0.4 o5 0.5
4.0 04 'o.5 i LI 2.0 . 0.2 0.3 0.5
5.1 0.4 0.5 0.9 2.5 0.2 0.2 0.4
6.0 0.6 0.8 1.5 2.3 ‘03 - 0.3 0.7
6.8 0.6 0.6 1.2 2.1 0.3 03" 0.6 °
8o oy o8 . 1.3 2.2 0.3 0.4 0.6
85 c.6 0.7 o9 29, 0z - 02 0.3




’

“1In the present experiment the concestration of phosphate mixturé was
M/so.  The quantity of phosphate in buffer solution was uniform. Results
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Experiment 12

are shown in Tables 21 and 22.

.

Table 21 -

Amount of average increased weight of the seeds of Ficea

Glelnii in different pH-value solutions. PO4~C, M/50.

Duration of experiment: Jan. 28-Feb. 2. 1941.

31

Average increased weight ° Average Average increased weight
after (mg) - green * per 1 mg of seed after (mg}
pH weight of e
. 2 days 4 days 6 days on(emzz)ed 2 days 4 days | 6 days
. !

. 29 03 1.0 L1 ; 3.9 0. 0.3 o3
4.2 0.8 0.9 0.9 : 3.2 0.3 0.3 0.3
5.1 10 13 Ly 38 0.3 0.3 0.4
6.0 0.9 1. 1.3 , 4.4 ‘0.2 0.3 0.3
7.0 09 L1 1.3 3.9 0.2 0.3 0.3

" 8.0 0.8 1.0 L1 3.2 ‘ 0.3. 0.3 0.3
8.6 0.5 1.0 ¢ LI ‘ 4.0 ; 0.1 0.3 0.3

! k
Table =2z
Amount of average increased weight of the seeds of Picea
Jezoensts in different pH-value solutions. PO4~C, M/so.
Duration of experiment: Jan. 12~17. 1041,
Average increased weight Average Average increased weight
after (mg) green per 1 mg of seed after (mg)
pH weight of
2 days 4 days 6 days on(emze)ed 2 days 4 days‘ 6 days

2.9 0.3 ' 0.5 o7 2.4 o.1 0.2 0.3
4.2 0.4 0.6 0.9 2.5 0.2 0.2 0.4
5. . 10 1.1 1.3 ‘2.3' 0.4 03 0.6
6.0 ‘0,3 0.7 0.7 2.6 0.2 0.3 0.3
7.0 0.2 0.5 07 - 2.5 o1 0.2 0.3

. 8.0 0.7 08 1. .23 0.3 0.3 05 .
8.6 0.4 " .06 0.7 2.3 0.2 0.3 0.3
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From the data obtained in the experiment with P. Glekuiz (Tables 13,
17, 19 and 21) it will be recognized that there did appear an influence of
hydrogen-ion concentration of the solution on the absorption of water,
though . the difference of absorption in the solutions of different pH was
 in general not very significant. = ‘The absorption of water by seeds of P.

-Glelnii was the least at pH 3.0 or 8.6 regardless of the concentration of
phosphate mixture. The absorption of water became greater as the acidity
of the solution became less and it reached the maximum at pH 4.0-5.0.
The maximum point of absorption of water changed in accordance with the
increasing’ of the concentrations of phosphate mixture. That is, in the
phosphate mixture of M/5 concentration, the maximum zone was pH 3.8—¢ 0,
but in the phosphate mixture of M/z5 and M/s0 concentrations, the
maximum point or zone was at pH s5.0. This difference of maximum
points of absorption of water may depend on the concentration of salts or
ions of phosphate or sodium.

The results of the experiment with 2. jezoensis show that the tendency
of the absorption of water by seeds in the solutions of different pH was
generally parallel to that of the results with P. Gleinzi. But the maximum
points of the absorption of water by seeds of P. jegoensis differ more or
less from the some of P. Glehnii. 1oo (1931) studied the problem of
absorption of ammonia and nitrdte by the root of Zea Mays seedlings, in
relation’ to the concentration and the actual acidity of culture solution. He
stated that the absorption curve is wave-formed having more than three
points of depression and maximum points of absorbtion of ammonia and
nitrate. He explained this phenomenon by assuming that the protoplasm
is a mixture of amphoteric colloids each with its own independent iso-
electric point. The ‘writer’s results did not agree with Loo’s. As a cause
of this disagreement the difference of experimental materials and experi-
mental methods should be taken into consideration. But a general decision
of this problem must be left to further studies in the future. . On the whole,
the ‘absorption of water by seeds of P. Glenii and P. jezoensis was better
‘in the acidic side than in the alkaline side.

Experiment - 13

In the present experiment the concentration of phosphate mixture was
M/5. The quantity of sodium in'phosphate mixtures of various pH-values
was uniform. They were prepared in the following proportions.
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Composition of phosphate mixture

Obtained pH

pH Phosphate Water
wres | M5 |, [ Mibo, | | | Ms | M
‘cc. ccC. cC.

30 8o 90.0- o 100 o 3.0 3.0
4.0 10 99.0 o 95.2 4.8 ‘ 4.0 4.0
5.0 o 97.0 3.0 86.9 13.1 ' 5.0 5.0
6.0 o 70.0 . 30.0 72.5 27.5 6.0 6.0
7.0 o 24.0 76.0 535 46.5 6.9 6.8
8.0 o 2.0 99.0 47.4 52.6 7-7 7.6
9.0 o o 100.0 47.2 52.8 ‘ 8.9 8.4

Results are shown in Tables 23 and 24.

Table 23

 Amount of average increased weight of the seeds of Picea
Glelmii in different pH-value solutions.
Duration of experiment: Feb. 10-15. 194I.

Na-C», M/s.

Average increased weight Average Average increased weight
after (mg) green per I mg of seed after (mg)
ptl weight of
2 days 4 days 6 days on(e:nsge)e d 2 days 4 days 6 days
3.0 0.8 1.6 1.6 3.8 0.2 0.4 0.4
4.0 oy LI 1.4 3.6 0.2 " 0.3 0.4
5.% o8 1.4 1.8 3.7 0.2 0.4 0.5
6.0 0.8 1.3 s 3.7 0.2 0.4 0.4
6.9 1.3 L5 1.9 3.2 0.4 0.5 0.6
7.7 0.6 1.4 1.6 3.5 0.2 0.4 0.5
8.9 0.5 | %4 2.1 3.7 o.1 0.5 0.6

1) Quantity‘of sodium in phosphate-mixture solution of various pH-value is uniform.
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Table 24

Amount of average increased weight of the seeds of Picea
Jezoensts in different pH-value solutjons. Na-C, M/s.
Duration of experiment: Jan. 12-17. 1941.

Average increased weﬁght Average Average increased weight
‘ after (mg) green per 1 mg of seed after (mg)
pH - weight of -

2 days 4 days 6 days m;fnze)ed 2 days 4 days 6 days

30 09 0.9 1.0 34° 0.3 0.3 03

40 0.7 08 1.0 2.2 0.3 0.4 0.5
5.1 0.7 o8 | B8 4 2.6 0.3 . 0.3 0.4

6.0 0.5 0.6 08 2.5 .2 0.2 0.3
6.9 0.8 0.9 . 1.0 2.5 0.3 0.4 0.4’

7.7 0.8 0.9 i 1.0 2.6 0.3 0.3 04

8.9 Lo 1.2 1.3 2.8 0.4 0.4 Q.5

Experiment 14

In the present experiment the concentration of phosphate mixture
M/s0. The quantity of sodium in phosphate mixture of various pH-values
was uniform. Results are shown in Tables 25 and 26.

1

Table 23

Amount of average increased weight of the seeds of Picea
Glehnii in different pH-value solutions. Na-C, M/s0. .
Duration of experiment: Feb. 10~15. 1941.

Ave'rage/ inereased weight Average Avera.gc increased weight
after (mg) green per I mg of seed after (mg) -
pH weight of - -
2 days 4 days 6 days one seed 2 days 4 days 6 days
. (mg) _
3.0 o5 L1 2.0 3.1 0.2 o4 0.6
4.0 08. 10 1.8 3.9 0.2 0.3 0.5
5.0 0.7 LI 14 3.3 0.2 0.3 N 0.4
- 6.0 08 LI 15 3.8 0.2 0.3 0.4
6.8 0.9 1.2 1.8 " 38 o.z o , 0.5
7.6 08 1.3 L7 34 0.2 0.4 0.6
8.4 0.9 1.0 1.3 3.1 0.3 03 | ° o4
4
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Table 26

Amount of average increased weight of the seeds of Picea
Jezoensts in different pH-value solutions. Na-C, M/s0.
Duration of experiment: Jan. 28-Feb. 2. 1941.

Average increased weight Average Average increased wéight
after (mg) . green per I mg of seed after (mg)
pH weight of
| 2 days 4 days 6 days O’Zf“?;d 2 days 4 days 6 days
3.0 0.4 07 0.9 23 0.2 03 o4
.40 0.5 oy - o8 | 2.2 oz 0.3 o4
50 | 05 0.7 ‘08 - 2.3 ' oz 03 0.3
6.0 0.7 0.8 1.1 3.1 0,2 03 0.4
6.8 0.3 0.6 0.7 2.3 o.1 0.3 ,, 0.3
7.6 0.6 07 0.3 2.5 0.2 0.3 03 -
84 0.7 1.1 1.1 2.2 0.3 0.5 0.5

The favourable pH-range for absorption of water by seeds of 2. Glehnit
was pH 5.1 to 6.9 in phosphate mixture of M/5 concentration, but in the
phosphate mixture of M/50 concentration the pH-range was between §.6-6.0.
In both phosphate solutions of M/5 and M/50 concentration, when the pH
became smaller than 7.0 the amount of water absorbed became much more
and more as has been noted, and the absorption of water was the best at
pH 4.0 in the solution of M/50 concentration.  In the experiment using
P, jezoensis the favourable pH-range for the absorption of water was not
in agreement with the results of the experiment using P. Glehnii.  Also
the results obtained in-the mixture solution, in which uniform quantities of
phosphate were added, did not agree with the results obtained in the
mixture solution of equal quantities of sodium-ions. . It is difficult to ex-
plain the exact cause of the difference of the two results, though, in this
case, the difference of phosphate quantities and of the experimental material
may be taken into consideration as a probable cause.

5 Temperature
Experiment 156

Temperature plays a great role in the physiological processes of living
organisms, and also in pure physical and chemical relations.  The following
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Experiment 15 was carried out to investigate the influences of temperature
on the absorption of water by seeds of P. Glehnit and P. jezoensis. The
experimental methods were the same as:in Exp. 2. Results are shown
in Tables 27 and 28.

Table 27

Amount of average increased weight of the seeds of Picea
Glehniz as influenced by various temperature.
Duration of experiment: Dec. 12—-17. 1940.

Average increased weight Average Average increased weight
Tem- after (mg) green | per 1 mg of seed after (mg)
perature ) | '::;-e;gess i .
2 days 4 days 6 days (mg) 2 days :4 days 6 days
10°C 1.0 14 18 3. 0.3 o5 0.6
' g
20°C 0.9 1.0 1.6 3.7 0.2 0.3 0.4
30°C 1.1 LI Ly 3.9 0.3 03 0.4
33°C. 08 | 10 1.2 3-4 0.2 03 ' 0.4 '
40°C 1.0 1.2 1.4 3.6 . 0.3 o.j 0.4
Table 28
Amount of average increased weight of the seeds of Picea
Jezoensts. as. influenced by various temperatures.
Duration of experiment: Dec. 13-18. 1940.
Average increased weight Average ‘Average increased weilght
Tem- after (mg) ‘green per I mg of seed after (mg)
perature ) weight -
of seed
2 days - 4 days 6-days (mg) 2 days 4 .days 6 days
»
10°C o5 0.6 1.0 ig 0.3 0.3 0.5
) L VU I N
20°C 0.4 o.5 o8 1.4 0.3 0.4 0.6
30°C 0.4 0.7 S10 1.9 0.2 - 04 0.5
33°C 0.4 o5 0.9 18 oz | . 03 0.3
40°C |- 10 1.3 1.3. 1.4 oy . 0.9 0.9
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Table 27 shows that the absorption of water at 40°C is less than at
other temperatures, that is, at the lower temperature the absorption of
water became much greater than at hlgher temperatures. But Table 28
shows that the absorption of water at 40°C is greater than at lower tem-
peratures, for example, the absorptlon of water at 20°C was less than at
40°C.  The results with seeds of P. Glekniidid not agree with those -of
P. jezoensis in the relations to the temperature. The absorption of water
by the latter seeds increased during 6 days parallel with the increasing of
temperature, but in absorption by the ‘former seeds the tendency was the
contrary. Brown and WORLEY.(1912) studied the rate of intake of water
by barley grains at different temperatures and obtained a temperature
coefficient of 1.8 to 1.9, and they considered that chemical processes were
involved in the penetration of water through the semipermeable seed coat
of the barley grain. SnurL (1920), and ShuLL and SmuLr, S. P. (1924),
however, foundanother fnean value of temperature coefficient. But the result
of the present investigations did not show a positive temperature coefficient
as reported by BrownN and others. At any rate, it may be said that the
absorption of water is influenced by the surrounding temperature. How-
ever, the relations between temperature and the absorption of water can
not be shown simply, because the processes of the absorption of water by
living seeds at different temperatures involve complicated physical and
chemical changes and are also influenced by biological conditions of the
seeds.

IV Factors influencing the swelling of seed

The results of the foregoing series of Experiments 2—15 show that the
absorption of water by seeds during the process of germination is affected
by various factors, for example, substances dissolved in solution, hydrogen-
ion concentration and temperature. These results suggest the probability
of the unfavourable or favourable influences of electrolytes or non-electro-
lytes on the absorption of water, in consequence, on the germination of
seeds.  Therefore, the absorption of water by seeds is intimately related
to their swelling, and, in consequence, the process of germination, swelling
of seed and the absorption of water are closely conneeted with each other.
The following Experiments 16-18 were intended to investigate the relation
between the swelling of seeds of P. Gleknii and P. jezoensis and the
electrolytes, non-electrolytes, hydrogen-ion concentration and temperature.
The Method of procedure was as follows: The seeds are placed on the
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moistened filter- paper in the PeTri-dish as described in Exp. 1. (Fig. 1.
After thus prepared Perri-dish had been kept in the thermostat
of 20°C for a definite numl')erqof days the seeds were removed on another
slide glass one by one.
every seed were measured using objective micrometer under a microscope.
with an objective of 8 X and +an ocular of 4 X.

a. b.).

1 Electrolyte

Then the largest length and largest width of

KCl, NaCl, LiCl, NH,C], CaCl,, MgClg, BaCl,, and AIClg were
used as electrolytes.
Experiment 16
The results of this experiment are shown in Tables 29 and 30.
Table 29
Average swelling of the seeds of Picca Gle/zmz
in various. salt solutions.
Duration of experiment: Sept. 20-Dec. 15. 1940.
ot e Increased length and width Percentage
C;)anttl:zgt ]Inmta}: of the seeds after 0.02 mm o
Salts Direction eng! i increased
and width . length and
(mol) +0.02mm 1 day 4 days 7 days width
o1 Length 3.52 0.07 o.10 0.10 | 3
' Width 1.92. 0.03 o.07 0,08 4
Xcl
o Length 3.45 o.07 o.07 0.08 2
-5 Width 1,72 0,03 0,08 0,08 5
o1 Length 3.80 0.05 0.07 0.22 6
: Width 1.85 0.07 o.10 o.10 5
NaCl i :
° Length 357 o.10 0.10 0.10 3
5 Width 1.68 008 0.12 0.12 7
or Length 3.52 0.05 0.13 0.I3 4
- Width .77 0,03 0.08 0.13 8
LiCl .
o Length 3-35 003 | 0.08 0.10 3
5 Width 1.62 005 0.07 o.10 6
o1 Length 3.57 0.07 0,08 017 5
: : Width 170 .08 0.13 015 9
NH,Cl
° Length 3.62 0.05 0.10 .13 4
5 Width 1.67 0.05 0,08 013 . 8
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Tabie 29 (Continued)
; . Increased length and width Percentage
C;):tcizrx:t . ;:;t'a: of the seeds after 0.02 mm of
Sa ts Direction | o vtg'{i dth i increased
length and
(mol) +oozmm | 1 day 4 days 7days | width
o1 Length 3.60 0.03 0.03 0.10 3
: Width 178 0.03 0.0§ o.13 7
CaCl,
o Length 3.27 0,07 .12 0,12 3
5 Widih 1.63 ©.03 0.10 0.1 10
or Length 3.6a 0.03 0.05 o.10 3
. Widih 1.80 005 0.13 0.13 7
MgCl,
° Length 3.45 0.03 0.10 o.10 3
5 Width 1.72 0.05 o.08 0,08 5
o Length 3.50 o0.07 0.x5 o.15 4
: Width 1.35 o 0,08 0.10 6
BaCl,
o Length 3.75 0.02 0.02 0.07 2
5 Width 1.77 o 003 0,10 6
o Length 380 0,08 o.17 - o.17 5
) Width L75 0,03 0.10 o.13 3
AlCl,
o " Length 3.72 0,05 0.10 0,12 3
-5 Width 1.g0 0,03 0.08 0.08 5
Table 30
Average swelling of the seeds of Picea jezoensis
in various salt solutions.
Duration of experiment: Sept. 20-Dec. 15. 1940."
. Increased length and width Percentage
C:’;cizﬁt' II:I:US: of the seeds after 0.02 mm of
Salts Direction | - a v%i dth - . increased
. length and
(mol) +0.0zmm 1 day 4 days 7 days er\fidtf‘n
o {ength 2.67 ] 0.03 0.07 " 008 3
. Width 1.57 | oO.10 0.10 0.12 7
KcCl —
- ° Length 2.78 0.07 0.08 0.12 4
5 Width 1.62 o 0,07 0.08 5
o1 Length 2,68 | 003 0.07 0.08 3
’ Width 1.52 0,07 0.12 0,12 8
NaCl ; .
° Length 2.57 0,07 0.10 0.10 4
5 Width 1.47 0,08 0.08 0.12 8
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' v
Table 30 (Continued)
. e « Increased Jength and width Percentage
. Concent- Initial of the seeds after 0.02 mm Cof
Salts | *ton | piecion | levgth : . ificreased
Teq and width I lex tef;S:nd
f(mol) i.o.ozmm. 1 day 4 days 7 days g;d(h
o1 Length 2.57 o.07 0.13 0,13 5
' Width 1.48 0.05 ‘o2 0.12' 8
LiCl . :
o Length 3.00 0.03 0.03 0.03 1
-5 Width L.57 ooz - 0.03 ' 0.05 3
ox Length 2.73 0,02 0.03 0,07 3
: Width 1.50 0.05 0.07 o007 - 4
NH,CI - :
o.x Length 2.70 0.05 o.07 0.07 2
< Width " L.48 o. 002 - . 0.0z 2
o Tength 2,72 0.05, 0.12 0.12 5
: Width I.55 . 0.0z 0,05 0,08 6
CaCl,
o Length 2.60 0.03 0.08 008 3
5 Width 1.47 0.0z * 0.05 0.05 3
o Length 2.60 0.08 0,08 a.10 4
: Width 1.63 0.05 0,05 0.05 3
MgCl, "
o Length 2,38 0.03 ooy 0.08 4
5 Width L.42 0,07 0,07 - 0.08 6
o Length 2.87 005 .07 0.08 3
-f Width 1.53 0.03 0.07 0.08 6
BaCl,
o Length 2,70 0,10 0.10 o.12 4
"5 ) Width 1.52 0.02 o.10 013 9
ou Length 2,78 0.03 0,07 ' 0.08 3
: Width 1.52 0.02 0.07' 0.08 5
AlCI, ,
o Length 3.08 0.08 o.10 o.10 3
5 Width 1.68 o o 0.03 3

'

It is clear from these data that the swelling of seeds on the filter
paper moistened with salt solutions varied according to ‘the kind of salts

in varjous degrees.

That is the swelling of seeds was varied in accordance

with the difference of salts, though the differences in degree of swelling

due to the difference of salts were small.

Generally speaking, in the

solutions of KCI, NaCl, LiCl, and NHCI, the swelling of seeds both of
P. Glelnii and P. jezoensis was larger than that in the solutions of MgCl,,
BaCl,, and AICly, and then, it is clear and quite important that the per-
centage of swelling of seed in width is larger than in the length.
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2 Non-electrolyte

As was alreadly' stated before, it seems evident that the non-electrolytes
such as alcohol, glycerine, saccharose and urea may play a direct or in-
direct rdle in the physiological function of a .plant owing to special
permeability, osmotic relationships or nutrient values. For example, it was
already described in fore-going pages that these non-eleczztrolytesv have in-
fluenced the absorption of water by seeds.  Then, the following experiment
was carried out to ascertain the influences of non-electrolytes ‘on the

swelling of seeds of P. Glehnii and P. jezoensis.

Experiment 17

The results of Experiment 17, recorded in Tables 31 and 32, show
that the effect of saccharose solution on the swelling of seeds of P. Gleknii
is not clear in accordance with the difference of the concentration of sac-
charose, though the degree of ‘swelling in both the length and width
directions is slightly larger in the lowe'r concentrations than in the higher
ones. In glycerine solution, the swelling of the seeds is larger in the
lower concentration than in the higher ones, but the degree of swelling
in the urea solution of various concentrations does not vary in any definite
relation with the increasing or decreasing of the concentratién., Such
tendencies were the same in the seed of P. jezoensis. ‘

The results shown in Tables 33 and 34 show that the action of
alcohol solution on the swelling of seceds of P. Gleknii and P. jesvensis
was greater in the lower concentrations than in the higher concentrations.
This fact may be attributable to the following reason: that the permeation
of alcohol to seed grain may occur and this result in a retardation of the
conspicuous sWelling of the seed, because, in generai, alcohol acts to shrinki

the plant cells or plant tissues.
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Table 31 .

Average swelling of the seeds of Picea Glelimi
7 in various non-electrolyte solutions.
"Duration of experiment: Dec. 10~13. 1940

] Initial Increased length and width Percentage
Non- . ) of the seeds after 4-0.02 mn; of
electro- | COPCEDt | i ctio length + ' increased
Iyte ration Jrection | und width ; . lengtﬁ
£ 0.02mm 1 day 4 days 7 days and width
H.O Length 3.80 0.08 -0.15 o.17 4
2 Width 1.67 o 0.08 o.15 9
0.2 Length |- 3.62 003 | oaz o2 3
3 ’ Width 1.75 0.03 0,08 0.08 5
E‘, 03 Length 3.62 0.03 o0y 0.08 2
S Width 1.47 0.07 0.08 0,08 6
3 ° Length 3.50 0.08 0.08 0.10 3
4 Width 177 o.15 0.20 0.23 14
o Length 3.60 0.03 0.08 o.10 3
o7 Width 1.68 0.07 0.17 .18 12
oI Length 3.52 o.15 0.13 - 0,22 6
: Width 1.67 0.08 0.12 ‘o3 8
o Length 3.92 _0.05 0.05 0,08 2
. 3 Width L7 0.20 0.23 o2y | 15
' Length 3.57 0.05 0.03 0.05 1
E 0‘6_ Width 173 o.13 o.15 - 0.5 8
[
o
2 Length 3.67 0.07 0,08 oz 3
o o8 Width 1.88 0.10 010 o1z 6
Length 3.32 0.12 o.15 0.18 5
o9 Width 170 | 0.0 0.05 . 0.07 4
10 Length . 3.67 013 0.13 0.13 4
: Width .77 0.03 0.10 0.12 7
o Length 3.55 6.05 012 0.2 4
) Width 172 0.08 0.15 018 . 12
o3 Length ‘ 3-55 c.07 0.08 o.08 2
o ’ Width 170 o 0.10 o100 |, 6
g .
- o Length 337 o 0,03 0.07 2
4 Width 1.68 0,08 o1z 0.5 9
o Length 3.42 0.07 0.13 0.13 4
-5 Width 1.57 0,08 o.15 0,15 10
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Table

32

Average swelling of the seeds of Picea jezoensis

in various non-electrolyte solutions.

Duration of experiment: Dec. 10-30. 1940.

43

Initial Increased length and width : Percentage
Non- . n of the seeds after +0.02mm of
Concent- L length . .
electro- - Direction - increased
Iyte ration and width i length and
y +0.02mm 1 day 4 days 7 days width
H.O Length 2.70 * 0.03 0.08 — —
2 Width 1.45 0.13 0.18 0.18 13
oz Length 3.28 0.0z 0.05 0.05 3
" . Width 1.55 o.15 Q.15 0.15 15
w1
‘3 o Length 2.90 0.02 [} 0.03 T
g -3 Width 1.52 0.03 o.12 o 10 7
o .
é ° Length 3.08 o o 0.03 1
4 Width 1.50 0.18 0.20 0.20 14
° Length 2.75 0.18 0.18 018 7
-7 Width 1.68 0.05 0.05 0.08 s
o1 Length 3.05 o.10 0.12 0.12 4
: Width 1.70 0.02 0.03 0.05 3
o Length 3.20 0.02 0,02 0.03 I
-3 Width 177 0.03 0.03 0.08 5
° 06 Length 2.77 0.03 0.03 0.5 2
£ * Width 1.68 0.05 0.05 0.07 4
Q
o
2 Length 2.78 002 0.02 0.07 3
o . o8 Width 1.58 0.03 005 0.05 3
0.0 Length 2.82 0.02 0.05 0.08 3
-9 Width 1.65 0.02 ~0.05 0.07 F
10 Length 2.90 0.05 0.07 0.08 3
‘ Width 1.60 0.05 0.05 0.05 ° 3
Length 280 0.03 0.05 0.08 3
o.x g
' Width 1.60 + 0,03 0.05 0.13 8
o2 Length 2.82 0.07 0,10 0.08 3
‘e - Width 1.55 0.02 0.07 0.07 4
[
» o Length 2.78 0.07 o.10 0.10 4
4 Width 1.53 0.05 0.05 0.05 3
° Length 2.58 0.08 o.10 0,12 5
5 Width 1.58 0.02 007 0.08 5
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Table 33 -
Average swelling of the seeds of Picea Gleinit in alcohol solution.
uration of experiment: Jan. 5—-14. 1941.
Durat f exp t 94
- Increased length and width Y
) Initial Percentage
Concent- Direction length and of the seeds after 4-6.02mm of increased
ration width length and
18] +0.02 mm 2 days 4 days 6 days width
o Lehgth 30.16 0.16 0.25 0.50 I
4 Width 16.83 058 0.58 0.83 4
<0 Length 27.83 0.33 0.33 0.33 1
2 Width 16.08 0.33 0.58 066 4 .
Length 25.00 0.08 0.16 0.24 0.9
2? Width 16.50 0.08 0.08 0.08 0.4
Length 26.00 0.50 "0.66 0.83 3
10 Width 35.30 0.24 0.24 0.66 I
length 25.00 0.66 .75 0.83 3
5 Width 16.00 0.50 0.75 0.75 4
Length 36446__‘ 0.9I 0.91 1.00 2
1 Width 36.41 0.75 0.83 1.00 2
Table 34
Average swelling of the seeds of Picea jesocnsts in alcohol solution.
uration of experiment: Jan. 5—14. 194I.
Durat f exp t 4. 194
. Increased length and width
) Tnitial A 2 Percentage
Concent- Direction | 1€0gth and of the seeds after L-o.02mm of increased
ration ' width length and
%> +0.02 mm 2 days 4 days 6 days width
'0 Length 35.91 , 1.08 0.83 0.83 2
4 Width 35.66 0.50 0.66 0.91 2
1
o Length 33-75 0.75 083 0.83 2
2 Width 17.00 1.03 0.83 1.16 6
20 Length 32.58 0.50 1.18 1.16 3
Width 17.91 0.41 0.58 0.66 3
o Length 3308 1.16 1.25 1.66 0.6
Width 17.58 1.43 1.25 1.83 b1
N Length 36.66 0.91 1.00 1.00 2
5 Width 18.41 0.91 1.00 1.08 5
‘ Length 33.16 0.83 1.08 1.08 3
Width 17.41 0.66 0.66 - 0.66 4

’
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3 Hydrogen-ion concentration

7

These experiments, 18 and 19, were, carried out. to study the mﬂuence
of hydrocren ion concentration upon the swelling of seeds

: Experlment 18

In Experlment 18 the amount of anions in each phospHhate mixture
solution of various pH-values was kept equal. The composition of phos-
phate mixture. solution was similar to that in Experiment 9. The results
of this experiment using phosphate mixture of M/ concentration are shown
in Tables 35 and 36. The swelling of seeds in the solution of pH 7.0
was ‘more significant than in the solution of other pH-values, but in the
_phosphate mixture solution of M/50 concentration the swelling of seeds
was larger in the solutions of pH 4.2 and 8.0 than in others. Among
the results concerning P. jesoensis, in the solutions of phosphate mixture
of M/s0 concentration the swelling of seeds was larger at pH 7.0 and 8.0.
However, on the whole, the difference in the influence on the swelling of
seeds of P. jezoensis due to the different hydrogen-ion concentrations was
not very significant.

Experiment 19

In Experiment 1g, the phosphate mixture solutions of various pH-values
were prepared to keep an equal quantity of sodium ions.  The methods
and compositions of the phosphate mixture were the same as described
above. (See Experiment 13).

As shown in Table 37, the cwellmg of seeds in phosphate mixture
solution of M/s5 concentration of various pH-values was superior in the
solution of pH 7.0, but in the phosphate mixture solution of M/50 con-
centration the swelling was superior in the solution of pH 4.0.

From the data shown in the above three Tables 35, 36 and 37 it
may be seen that the swelling of seed in the solution of M/s concentration
was superior in the less acidic or neutral zone, but in the solution of M/s0
‘concentration the swelling of seeds was superior in the acidic zone near
pH 4.0. In this case the amount of phosphate jons in the solutions may
be taken into consideration as the cause of these different results. In
general, from the results of Experiments 18 and 19 it may be said that
the swelling of seed in length direction is larger than in the width direction
in the absolute value, but in relative value, that is, swelling percentage to
the initial length of seed, the swelling is greater in. the width than in the
length.
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Table - 35
Average ‘swelling of the seeds of Picea Glenii. Quantity of
phosphate in phosphate-mixture solution of various pH-values:
is uniform.  Concentration of phosphate mixture is M/5 and
M/s0. Duration of experiment: Dec. 5-15. 1940.
Concent- Initial Increased length and width Perceritage
ration lm Jtah of the seeds after of
of phos- | pHseries | Direction e:ngd - increased -
hate : . length and
n?ixture width 1 day 4 days 7 days \%idth
Length 3.67 0.08 0.08 0.08 2
H,0 57 Width 1.88 0.05 o.io o.10 -5
° Length 3.48 0.05 0.12 0.12 3
3 Width 1.72 0.03 0.08 0.08 5
° Length 3.77 0.08 0.10 0.13 3
4 Width 1.98 0.08 0.08 0.08 4
° Length 3.52 0.05 0.08 0.08 2
50 Width .77 0.02 0.05 0.07 4
Length 3.33 0.07 0.08 0.08 2
. Mis 6.0 Width 1.75 0.03 0.05 0.08 5
° . Length 3.33 0.08 o.10 0.13 4
7 Width 1.68 0.12 0.12 0.18 11
30 " Length 3.37 0.08 0.17 0.18 3
' Width 1.70 0.08 o.10 0.20 12
88 Length 4.02 0.08 0.17 o.15 4
: Width 1.05 0.I5 0.15 0.17 10
2 " Length 3.63 " 0.07 0.08 0.10 3
9 Width 1.83 0.12 0.13 0.15 8
2 Length 3.45 0.05 0.07 0.12 3
4 Width 1.68 0.12 0.12 0.17 10
1 Length 3.52 o.10 o.12 0.13 4
5 Width 1.70 0.07 0.08 0.08 5
Length 3.62 0.05 0.07 0.08 2
Mjso 6.0 Width 1.75 0.03 0.05 0.12 7
7.0 Length 3.42 0.08 0,12 0.13 4
: Width 1.82 0.07 0.07 0.08 4
8.0 Iength 352 o.10 0.12 0.13 ° @4
* Width 1.68 0.08 0.12 0.12 7
8.6 Length 347 0.1 0.13 0.17 5
. Width L.73 0.12 0.15 0.13 8




GERMINATION OF YEZO SPRUCE SEED

Table 36

Average swelling of the seeds of Picea jezoensis. Quantity of

phosphate in phosphate-mixture solution of various pH-values is

uniform.  Concentration of phosphate mixture is M/5 and M/50.
Duration of experiment: Dec. 5-15. 194Q.

Concent- Initial Increased lenéth ant; wjd‘lh' (Percelrii:;.ge
ration l:l ltah of the seeds after of |
of phos- | pH-series | Direction nngd . increased
" phate a ath length and
mixture width. 1 day 4 days 7 days width
. 7 Length 2.78 0.08 0.08 0.12 4
H,0 57 Width 1.52 0.08 o1z 0.1§ 10

. T.ength 290 0.97 0.08 - 012 4

30 Width 1.62 007 0.07 0.08 5

o Fength | 275 0.05 0.05 0.05 2

4 Width 1.58 0.03 0.03 '0.07 4

o Length 2.93 0.08 0.08 0.08 3

5 ‘Width 1.67 0.05 0.07 0.08 5

Length 253 0.03 0,07 0.07 3

M/s 6.0 Width I.50 0.03 0.03 0.08 5

N Length 2.88 0.03 0.05 o.10 3

7 Width 1.63 0.03 0.05 0.05 3

8.0 Length 3.02 0.07 0.10 ' 010 3

. Width 1.67 0.03 0.05 0.05 3

s 3 Length 3.00 007 | o007 0.07 2

- Width 1.70 0.02 0.02 0.03 2

2.9 Length 2.92 0.07 o.10 0.10 3

’ Width 1.65 0.05 0.05 0.05 3

2 Length 2.72 0.03 0.0 0.13 5

4 Width 1.53 0.02 0.03 0.02 1

1 Length 3.12 o.07 0.07 0.07 2

5 Width 1.72 0.03 0.05 0.07 4

Length 28z ' 0.05 0.05 0.08 3

_M/5° 6.0 Width 1.62 0,05 0.05 0.08 5
‘w0 Length 2.87 oos 0.08 0.15 5

7 Width 1.55 0.07 0.10 0.12 8

. 80 Iength 2.72 0.05 0.08 o.15 6

. Width 1.65 0.05 0.05 0.05 3

8.6 Length 2.77 0.05 0.07 o.10 4

: Width 1.60 0.03 0.05 0.07 4
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Table 37
Average swelling of the seeds of Picea jezoensis. Quantity of
sodium in" phosphate-mixture solutiorr of various.pH-value is
uniform. . Concentration of phosphate mixture is M/5 and M/50.
Duration of experiment: Jan. 7-17. 2941.

Concent- fnitial Increased length and width Percéntage
ration lensth of the seeds after of
of phos- [ pH-series | Direction angd : increased

phate width length and
mixture I day 4 days 7 days width
o Length 2.83 0.03 0.03 0.03 1
3 Width - 1.78 0.03 0.08 0.10 6
Length 2.83 o 0.02: 0.03 I
4.0 Width 1.55 o 0.03 0.03 2
: Length 2.78 0.03 0.07 " o007 3
51 Width 1.58 0.03 0.05 0.08 5
Length 2.85 0.05 0.05 0.05 2
M/s 60 Width .70 0.02 0.02 0.08 5
6 Length 2.67 0.05 0.05 0.07 3
-9 © Width .58 0.05 0.07 o.Io0 6
Length 2.75 0.08 0.13 " 0.3 5
77 Width .55 o.10 oIz 0.13 8
3 Length 2.83 0.02 0.02 0.03 1
9 Width L350 0.05 0.08 . 0.08 5
Length 2.63 0.27 0.28 0.30 11
30 Width L350 o.10 0.13 0.5 ° 10
Length. 288 0.02 0.03 0.05 2
4.0 Width 157 o.10 0.10 0135 10
Length © 275 0.05 0.03 0.05 2
50 Width 1.62 o 0.03 0.05 3
. Length 2.92 0.05 0.05 0.08 3
M/s0 6.0 Width 1.63 ooz 0.08 0.08 ;
R
6.8 Length 2.73 0.05 0.07 0.07 3
. Width 1.70 0.02 0.0y 0.07 4
6 Length 2.63 0.05 0.07 0.07 3
7 Width 1.57 0.02 0.02 0.05 3
3 Length 2.72 0.03 0.03 0.03 1
-4 Width 1.53 0.07 0.08 0.13 8
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4 Temperature
Experlment 20

Experiment 20 was intended to ascertain the mﬂuence of temperature
on the swelling of seeds of 2. Glelnii and -P. jezoensis.

Table 38 shows that the swelling of seed of 7. Gleknit varied slightly
with' the variation of temperature, but this variation was not so clear as to
warrant any conclusions on the relation between -the temperature and the
swelling of seeds. But in P. jezoensis the swelling of seed was larger in
the 40°C temperature than in any other temperature, though the swellmg
may 'be, or may not be normal, because the temperature of 40°C is too
high for performance of the normal physiological function for seed germi-
nation. In this case, also, the swelling of seeds in width is larger than in .
the length, and it is clear that the swelling in the lower temperature of
10°C is not so inferior to that at other temperatures.  These facts may
show that the some ecologxcal relations exist between the swelling of seeds
of Picea species and the surface temperature of forest soil in the germinating
season in Hokkaido. :

Table 38

Average swelling of the seeds of Picea Glehnii and: Picea ‘
Jesoensis after being kept at various temperatures.
Duration of experiment: Dec. 10-20. 1940.

Initial Increased length and Percentage
length width of the seeds after of
Species Temp. Direction a gd - increased
0 length and
width 1 day 4 days width
10°C Length 3.12 0.05 "oz 4
‘Width 1.70 0.I5 . 0.15 9
20°C . Le.x:igtgl 3.25 0.07 0.12 4
Picea Widt 1.65 0.08 o.10 6_
Glelmii . 20°C Length 3.47 0.08 0.17 5
3 1 Width L70 0.07 0.13 8
0°C Length 3.43 0.07 " 0.23 7
4 Width 1.35 i 0.08 o0.12 6
10°C Length - 2.85 0.03 0.03 E S
. Width 1.63 0.03 0.07 4
) 20°C Length 2.65 0.05 0.05 2
Picea, Width 1.63 0.05 0.08 5
Jeavensis 30°C Length 3.10 0.03 0.03 1
: , ‘Width 1.62 0.02 0.05 - 3
40°C Length 2.63 012’ % & 4 6
Width 1.45 0.05 0.13 9
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V. Factors influencing germination

- Seeds that will withstand complete drying in the air without injury
retain their viability under herbarium conditions from one to one hundred
and fifty years, that is to say, the seeds kept under favourable conditions
of the supply of water, and oxygen and of the temperature commence to
" germinate even after a long dormant period. In the germinating process
of seeds the following facts have been reported by many authors®: that
some seeds quickly germinate after washing, treatment with chemicals,
scarification, freezing, thawing, artificial drying storage, and favourable alter-
nations of temperature or also that the germination is influenced by light,
hydrogen-ion concentration, water, hormon, warm-bath, sea water, physical
stimulation and soil. But, at the present time, reports‘on the relation
between the germination of seeds of both P. Glesnii and P. jezoensis and
surrounding factors seem very poor from either the. forestry or botanical
point of view. Therefore the writer has carried out the following experi-
ments in order to observe the above mentioned relations. ’

Methods of germination test.—As germination vessel non alkaline
PerrI-dishes of 10cm diameter and 1.5 cm depth with two sheets of filter
papers were used. An adequate amount of water or solution of salts,
electrolytes or phosphate mixture solution were poured into this PrTRI-
dish.  After one week the solution in the PeTrI-dish or the PETRI-dish
itself was renewed in order to avoid the change of concentration of the
solution on account of vaporization or action of micro-organisms. Further-
more, in Experiment 21 the weight of PETRI-dish with seeds, water and
filter papers was measured occasionally for the retention constantly of the
same amount of water in the PETrI-dish. All tests were run in triplicate.
Since the seeds are small, 100 could be used in each dish, making 300
for each test. With this number the error of random sampling is reduced
to a minimum. Thus prepared PETRI-dishes with seeds were incubated at
20°C in a thermostat for germination.

1) Mazk (1900), BIRGER (1907), FisCHER (1907, 1935), DOBY (1909), SCHOTTE (1911), PROMSY
(1912), BOKORNY (1913), SHULL (1g14), RUDOLFSs (1922, 1925), TouMEy and DURLAND
(1923), LUNDEGARDH (1924), LARSEN (1925), MORINAGA (1926), GRACANIN (1928), HaAsSIS
(1928, 1930), MEYER (1928), BUCHINGER (1929), CHAPPUZEAU (1930), DorpH-PETERSON and
MJASDRIKOWA (1931), KissErR and SCHUBERT {1934), N1cHOLS (1934), PURVIS (1934), BALDWIN
(1935), CHOLODNY (1935), BORRI1ss (1936, 1940), PEPTZOFF (1936), MORK (1937), RESUHR
(1939), ROHMEHDER (1939).
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1 Water

Experiment 21 was ‘carried out to-determie the influence of the aimout
of water in PETRI-dish upon the germination’ of the seeds.

Experiment 2t

Seeds used were: those of P. Glehnii and P. Jezoensis, Results: are
shown in: Tables 39 and 40 and Fig. 8 and o. ‘

From the results shown in Tables 39 and 40 it is evident that the
percentage of germination of bothseeds in distilled water more than 10 ce.
at 30°C is low, namely, the percentage of germination of 2, Glehnis in
Petrr-dish. with 10cc. of water was 11 percent and that of 2. jezoensis

Table 39

Germination record of the seeds of Picea Glelinii.
Duration of experiment: 1) Jan. 12-Feb. 2. 1940.
2) Feb. 2-Feb.. 34. 1940.

. é}':g:z; ‘ Number of germinated seed: after cei(:;;ge
in L : ; of

Mool B S e ey s Total | $ion
|15, 30°C | o o o o o o o o I 2 3 3
0 o o 1 o I 1 I 1 1 5 1z 11
6 ” o o 1 3 2 2 2 2 2 7 2r 21
4 7 1 2 4 3 4 5 2 3 4 5 33 33
15. 20°C o 2 4, 10. 8: 8 6 5. 5. 18 66 66.
2 o 5| 5| s || 8| w| 3| 7| w6 | 65
? ol 8| 5| |15 | 4| | 3] 5| 79| 7

6 1 1r 8 13 IL 13 i 3 2 8 77 77
5 " 8 16 18 —_ 17 11 3 2 2 2 79 79
P 10 15 "19 — 12 7 5 1 o 6 75 75
ty 7 6 | 17 18| — | 13! 10 5 2 z 51 78 78
2 2 20 | 15 — 16 | 9 5 3 2 5 | 77 77
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Fable - 40

Germination record of the seeds of Picea jezoensts.

Duration of experiment: 1) Jan. 12-Feb. 2. 1940.

. 2) Feb. 2-Feb. 24. 1940.
3’3‘;‘?2: _ Numl;er of germt'fzated seed after ceﬁf;;;e

in of B

il I N B T -G O - B - o
15 °C| o o I o 1 o o o o 113 3
0 o o o 3 2 1 o 1 o o 7 7
6 " o 24 .2 5 2 4 1 3 3 8 30 30
4 ) 2 3 8 4 9 2 o 3 3 8 42 42
i3 20°C o 7 5 12 1z 1z 7 2 4 4 65 65
1z o 8 9 18 13 11 3 2 1 .| 66 66
9 " r o 13 | 17 | 13 7 5 1 o 3| m 78
6 " I 1z | 16 19 10 5 4 1 2 o 70 70
5 " o 10| 18 — 22 8 3 2 1 3 67 | 67
4 ? 2 13 16 — 13 9 4 1 1 2 61 61
3 o 7 9 | — | 17| 12 4 1 1 3 54 54
2 " o} 6 13 — 15 9 5 1 [} 2 51 51

was 7 percent.

The germination

of both seeds was adquate at 20°C

regardless of the amount of water, but the percentage of germination be-
came less in accordance’ with the increasing of water, though the dropping

of the percentage was very slight,

At any rate from these data it may

be seen that the soaking of seed in an excess of water is harmful, that
the influences of the amount of water upon the germination are intimately
related with the temperature and that at 20°C there was not seen any

marked difference in the tendency of dropping of the percentage of germi- .

nation between the seeds of P. Glekmii and those of P. jezoensis.



'

GERMINATION OF YEZO SPRUCE SEED

Fig.” 8

53

Curves of daily change in percentage of germination of the seeds of Picea Gleknii in the PETRI-
dishes supplied with water of different amounts and different temperatures. Concentration in mol.
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Fig. ¢

Curves of daily change in percentage of germination of the seeds of Ficea jezoensis in the PETRI-
dishes supplied with water of different amounts and different temperatures. Concentration in mol.
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2 Elecirelyie
Experiment 22

Potassium chloride. Results are shown in Tables 4i and 42, and F ig. 10.

_Tabie 41 "

Germination record of the seeds of Picea Gleknii

in KCl-solution.
Duration of experiment: 1) Dec. 27. 1939~Jan. 11. 1940.

Temp. 20°C.

2) Feb. 27-Mar. 16. 1940.

C(;:tcie(:)r:‘t- Number of germinated seed after Percg;xtage
qut 8 9 10 1§ 12 13 14 15 16 germi-
(mo]) da.ys # ” ” » ] » ” » Total nation
1.000%) o o o o o o o o o) o o
0.500%2) o o ] o o o o [} o [ o
0.100L) o 4 18 15 6 2 — 8 2 55 54
0.0101) 13 21 ‘21 5 7 6 —_— 4 2 78 78
0.0021) 6 17 21 8 11 3 — 6 2 74 75
Table 42
Germination record of the seeds of Picea jezoensis
. in KCl-solution. Temp. 20°C.
Duration of experiment: 1) Dec. 27. 1939-fan. 11. 1940.
2) Feb. 27-Mar. 16. 1940.
C::tcg:" Number of germinated seed after Percg?tage
S?ift 8 9 1o 1 12 I3 14 I5 6 germi-
(mol) days # ” ) N s T » I I Total nation
1.0002) o o o ° ol o o o o o o
0.5002) o o o o o] [} [} o o] o o
0.1001) o o I 3 3 2 — 8 8 25 26
0.0101) 4 18 14 10 4 1 — 2 2 |.585 51
0.0021 11 17 18 6 2 1 — I I 50 52
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Fig. 10
* Curves of daily change in percentage of germination of the seeds
of Picea Gleknii and Picea jescersis in potassium chlotide
solution of different concentrations. Concentration in mol,
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As will be seen in Table 41 the germination in KCl-solution of con-
centration less than o. 5mol was good, though it decteased with the
increasing of the concentration. From the previous results (Table 39) it
may be said that the germination in the KCl of less than 0.01 mol con- .
centration was normal, that is, it was nearly the same as the percentage
of germination (75 %) in distilled water, but the germination in the KCl-
solution of 0.1 mol concentration ‘was 20 percent and it was less than that
in the KCl-solution of more dilute concentration. _

As shown in Table 42, the germination of 2. jezoensis seeds in the
KCl-solution of less than 0.01 mol concentration was very good, but that
in the 0.5 mol solution was zero.  That is to say, the germination decreased
with the increasing of the concentration. . In general, however, the germi-
nation of 2. Glelii seeds in the concentrated KCl-solution was less injured
than that of 2. jezoensis. : '
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Experiment 23 '
Sodium chloride. Results are shown in Tables 43 and 44, and Fig. 11.
Table. 43
Germination record of the seeds of Picea Glelinii
in NaCl-solution. Temp. 20°C.
Duration of experiment: 1) Jan. 10~Jan. 27. 1940.
' . 2) Feb. 37-Mar. 16. 1941.

C?:ﬁi;::' Number of germinated seed after .| Percentage
of : ) of
salt - germi-

(mol) dfys ;9v I”O I”I I’;Z I,;; Iy? I,:S 161:25 Total nation
1.0002) o [} (s} [} [«] o o [} [} o o]
0.5002) o o ° o o o o o 0 o 0
o0.1001) 2 7 13 12 10 II — 10 4 69 69
o.o1ol) 14 18 12 15 7 4 — 5 1 76 75
0.002 6 I b §4 9 9 7 _— 6 3 62 65
Table 44
Germination record of the seeds of Picea jezoensis
in NaCl-solution. Temp. 20°C.
"Duration of experiment: 1) Jan. 10-Jan. 27. 1940.
2) Feb. 27-Mar. 16. 1040.
Concent- Number of . a seed aff
ration umber of germinated seed after - Percentage
of ) of
salt _ germi-
oy laS el W [ Tow | nation
1.000% o o o o o 4] o] o o o o
0.500%) o o o o |" o o o o [ ° o
0.100! 15 13 12 13 4 3 - V3 1 64 62
0.010L) 22 11 Io 7 3 2 —_ 1 o v 56 57
0.0021 22 14 15 10 2 2 — | 2 2 69 6
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Fig. 11
Curves of daily change in percentage of germination of the seeds
of Picea Gleknii and Picea jezoensis in sodium chloride solution of
different ¢oncentrations, Concentration in mol.
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The germination of P: Glehniz and P. jezoensis seeds in the NaCl-
solution of 0.5 mol was zero, but it was very good in the dilute NaCl-
solution of less than 0.1 mol. The germination of both seeds in NaCl-
solution of the weaker concentration, was nearly the same as that in distilled,
water. It was concluded from the results of this experiment that both
seeds would germinate as well in weaker NaCl-solution as in distilled
water.

Experiment 24

Lithium chloride. Results are shown in Tables 45 and 46, and Fig.
12. ' ,

It will be seen that lithium chloride had no determinate effect upen
the germination of both seeds as long as the concentration of salt remained
less than 0.02mol. That is, the seeds of P. Gleknii and P. jezoensis seem
not to be extremely sensitive to lithium chloride, but P. Glehnii was less
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Table 45

G‘ermi’nation record of the seeds of Picea Glelinii
in, LiCl-solution. Temp. 20°C.
Duration of experiment: 1) Jan. 10-Feb. 3. 1940.
’ ‘ 2) Feb. 27-Mar. 16. 1940.

Concent- Number of germinated seed after Percentage
ration of
S(:ﬁt 8 9 10 | 11 12 13 .1 14 15 | 16-1g  germi-
(mmol) days i ” » » » " " . Total nation
0.10001) o o o o o) o o d o o
0.10002) o 5 4 Io | IX 7 6 12 55 56
0.0200% 3 7 4 9 [ 3 1 3 39 42
0.0100D 17 6 13 I 6 — 8 2 | 72 72
0.01002 3 7 19 11 15 9 6. 3 5 78 75
0.00201) 18 | 16 11 1z 6 3 |.—'i"9 4 | 79 72
0.00202 6 7 19 16 8 9 3 3 4 75 75
0.00102) 8 "1; 14 12 7 6. 3 3 66 . 66
0.00012) 13 15 1z | 13 10 3 2 5 78 ‘78
Table 46
. * Germination record of the seeds of Picea jezoensis
: in LiCl-solution. Temp. 20°C.
- Duration of experiment: 1) Jan. 10-Feb. 3, 1040.
' 2) Feb. 27-Mar. 16. 1940.
C?:fg:" Number of germinated seed after / Percefr_ltage
R of
s(z)ifl-t k 7 8 ' 9 10 IL ¥ 12 13 14 |A5-1I9 o
"+ (mol) days » " » ”» » g o |25, 7|1 Total’| nation
0.10001) o o o o o o 0. 0. 0
0.1000% o o o o o 17 39 40
0.02002) o o 2 2 4 1 9 8
0,01000); 2 20 16 9, 7 2 1 —_ 3 6o. 59
0.0100 o o 4 10 v 10 9 4 3 47 47
0.00201) 9 | 34 8 7 5 2 2 — I 68 65
0.00202) o I 1 15 11 6 5 1 4 | .54 55
0.0010 o 21 7 8 7 5. 8 | 46 43
0.00012) o- L1X 15 | 12 9 7 2 2 58 61




GERMINAFION OF YEZO SPRUCE SEED 59

‘ Fig. 12
Curves of daily change in percentage of germination of the seeds

of Picea Gleknii and Picea jezoensis in lithium chloride solution of
different concentrations., Concentration in mol. -
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sensitive than P. jezoensis, The germination of both seeds: in the solution
of 0.02 mol concentration was less than that in the solution of 0.1 mol
or 0.01 mol concentration. No cause could be found to explain why these
two kinds of seeds did not germinate better in the solution of lower con-
centration than in the more concentrated solution, in general,. because the
influence of salts upon germination may decrease with increasing of the
salt concentration of solution.  This salt has a tendency to change the
colour of root tip to grayish, especially in the near part of root cap.

Experiment 25

Ammonium chloride. Results are shown in Tables 47 and 48, and
Fig. 18.

The germination of P. Glelniz in a NH Cl-solution of 0.10mol and
of 0.01 mol was greatly less than that in distilled water, especially the
percentage of germination in 0.1 mol solution was only 4 percent, but in
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the distilled water it was 75 percent. Also the percentage of germination
in KCl-, NaCl-, and LiCl-solutions of the same concentration were nearly
65 percent; the germination in the NH -solution of 0.1 mol was the worst
in comparison with the cases of the other salts.  Considering from the
above mentioned results it may be said that the less germination of Ficea
seeds in the solution of slightly higher concentration than in the lower one
may be attributable to the extreme accumulation of ammonia in the seed.
Though ammonium salts are absolutely necessary for the normal growth
of plants, an extreme accumulation of ammonia poisins plants as described

Table 47 N

Germination record of the seeds of Picea Glehnii
in NH Cl-solution.
Duration of experiment: Mar. 21. 1940-Apr. 12. 1940.

-C;’:&Zr;t' Number of germinated seed after ceI;i:ge
of i of
Gob) [ale| S L8 [ 2 WL B | S o | Sn
1.00 o o ) o o o o o o o o o
o.10 o o o o o | -0 1 1 o 2 4 4
001 1 9 6 i5 | /8 ] 7 2 | 3 1 1 55 54

Table 48

Germination record of the seeds of Picea jezoensis .
_ in NH,Cl-solution. '
Duration of experiment: Mar. 21. 1940-Apr. 12. 1940.

Concent- ) I : Per-
ration Number of:germinated seed after . centage
of of
salt 7 8 9 10 I 12 13 14 15 |16-22 germi-
(mol) days » ” ”» ” » ” ”» ” » Total nation
1.00 o] o " O o (o] o o] l 0 l (o] o] [o] o
o.10 o ) o) o o o o o o o o o
0.01 2 | 11 9 It 3 2 2 1 o o 41 41
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N "-"Fig. ‘13 ) [ o R
Curves of daily change in percentage of germination of the seeds of ' ¢
Picta Glehnii and Picea jezoensis in ammonium chloride solution
- of different concentrations. Concentration in mol,
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by Mevius (1928) and others. Of course, in this case, the deleterious
effects of ammonium chloride upon’ the germination do not depend on the
concentration itself, in other words, on the osmotic phenomenon, because
the concentration of ammonium chloride of 0.1 mol is too small to cause
the hypertonic action of solution.

The results obtained by using 2. jezoenszs show nearly the same
tendency as in P. Glehni.

=

Experiment 26

Calcium chloride. Results are shown in Tables 49 and 350, and Fig. 14.
The results (Tables 49 and 50) show that the retarding influence of
calcium chloride solution upon germination was clear in 0.1 mol and 0.01
mol solution. That is to say, the percentage of germination of P. Gle/init
in the o.01.mol solution is nearly equal to that in the distilled water, but
that in the.o.1 mol solution was 31 percent, which is only one half of that
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in the 0.01 mol solution or in distilled water. The percentage of germi-
nation of P. jezoensis in 0.1 mol solution was 14 percent, this value being
much less than in.0.01 mol solution or in distilled water. Therefore, from
the above two results it may be said that calcium chloride of higher con-
centration is harmful to the germination of seeds. Of course, the harmful
influence may be attributable to that of ion effects of calcium not to the
concentration of the salt, and then it would follow that the deleterious
effects of calcium chloride upon germination were less on P. Gleknii than
on P. jezoensis,

Table 49

Germination record of the seeds of Picea Glelnii in CaCly-solution.
Duration of experiment: 1) Jan. 10-Feb. 3. 1940.
2) Feb. 27-Mar. 16, 1940.

Concent- Number of germinated seed after Percentage
ratlox} of
of .
y TImi-
salt | 8 10 1 I 15 |1 get
(mol) days :9» » I" :;2 1’;3 I;:" : »5 6’_’25 Total | nation
o.5001) o o o o o o o o | o o o
0.1001) o o I I 2 3 —_— 1z 12 30 31
o.010" 16 o II 12 10 6 | — 9 3 77 76
0.002® | 18 13 11 12 8 V —_ 8 5 82 78

Table 5o

Germination record of the seeds of Picea jesoensts in 'CaCly-solution.
Duration of experiment: 1) Jan. 10-Feb. 3. 1940.
. 2) Feb. 27-Mar. 16. 1940.

.C‘r):fie" t- Number of germinated seed after Percentage

on of

S?‘flt 8 9 o | 11 | 12 | 13 | 14 | 15 j16-2 germi-

(mol) days » ” s » 2 ”» 2 ”» 3 Total nation
0.5001) o o o o o o o o o o .0
0.1001> o o o o 2 b 3 - 9 15 14
0.010D 3 30 10 8 4 3 2 — 2 62 64
0.002% 7 31 15 6 5 I o - 2 67 68
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Fig. 14
Curves of daily change in percentage of germination of the seeds of
Picea Glehnii and Picea jezoensis in calcium chloride solution
of different .concentrations. Concentration in mol
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Experiment 27

Magnesium chloride. Results are shown in Tables 51 and 52, and
Fig. 1s. '

From Tables 51 and g2 it is seen that thé germination of the seeds
of P. Glehnii and P. jezoenmsis in the magnesium chloride solution of 0.1
mol was respectively 45 and 21 percent, and in the 0.01 mol or more dilute
solutions they were respectively 74 and 69 percent, but in the solution of
0.5 mol solution no seed éerminated in either species. Thus the relations
between the coneentration of MgCl; solution and germination of seeds were
nearly similar to those in the case of calcium chloride, and the seeds of
P. Glelmi were more tolerable to higher concentration of this salt than

those of P, jezoensis,
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Table 51

Germination record of the seeds of -Picea Glehmii in MgCl,-solution.

Duration of experiment: 1) Jan. 10-Jan. 17. 1940%

2) Feb. 27-Mar. 16. 1940.

Concent-

ration Number of germinated seed after Percentage
of . of
salt - germi-

oy Sl 2 LR R R B W Tot | mation

0.500%) o o o o [o] [} (o] [o} [} [¢] o

0.1001) [ o 1 3 5 4 - 16 17 46 ' 45

o.orob) 6 11 19 13 8 6 - 10 3 76 74

0.002 8 12 15 10 9 5 — |- 10 3 72 72

Table g2

Germination record of the ‘seeds of Picea jezocnsis

Duration of experiment: I) Jan. 10-Jan.

in MgCl,-solution.

17. 1940.
2) Feb. 27-Mar. 16. 1940.

[

Concent-

ration Number of germinated seed after Percenigge

of . of )

1-

salt 8 10 11 12 13 1 15 {16-18 gern
(mol) «days g ) » ” Ed ’:1~ 1)5 ”» Total | nation
0.5002) ] o (o] (o] [ [} o 0 [o] o [¢)
0.1001) ") o o o 1 1 —_ 4 16 22 21
o.o100) 1I 17t 20 7| 10 | 5§ 2 — 3 2 70 69

. .

0.0021) 13 | 20 18 8 5 2 —_ i o 67 66




GERMINATION OF YEZO SPRUCE SEED 65

Fig. . 15 .
Curves of daily change in percentage of germination of the seeds of
Picea Glehnii and Picea jezoensis in magnesium chloride solution
of different concentration in mol.
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Experiment 28

Barium chloride. Results are shown in Tables 53 and 54, and Fig. 16.

Table 33

Germination record of the seeds of Picea Glehnit
in BaCl,-solution. Temp. 20°C.
Duration of experiment: Jan. 29-Feb. z0. 1940.

Conc_ent- Ndmber of gérminated seed after ' Percentage
ration N of
S?it;t 8 10 I 1 13 1 1 ‘ 16~2 germi-
(mol) days g » nl ”2 :;’ ):‘ ”5 2 3 Total nation
0.100 o o o o [ o o o o o o
0.010 5 14 15 9 13 4 4 5 8 77 78
0.002 4 17 14 17 9 6 3 34 5 78 76
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Table 54

Germination record of the seeds of Picea. Jezoensis
. in BaCl,-solution. -Temp. 20°C.
Duration of experiment: Jan. 29-Feb. 20. Ig940.

C‘::éi‘;" Number of germinated seed after Percentage

f

of ot

salt ’ . germi-

oy eS| 2R E R BB Tera | nation
0.100 o o o o | o o o o o o 0
0.010 8 15 13 7 9 3 3 2 3 63 63
0.002 23 22 12 6 3 2 b 1 o 70 70

Fig. 16

Curves of daily change in percentage of germination of the seeds of
Picea Glehnii and Picea jesoensis in bariam chloride solution
of different concentrations., Concentration in mol.
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The results show that slightly less. germination took place in the
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solution of 0.01 mol and the total germination of both seeds in solutions
of 0.01 mol and 0.002 mol was the same as in the distilled water, but
the ‘percentage of germination of..2. Glelui and P. jezoemsis in solution of
~ o.rmol was zero. That is to say, O.1 mol solutions of banum chioride in
constant -contact: with the séeds- “of P. Glelnii and P, jezazmzs exercised a
ser:ously harmful influence upon their germmatlon, as shown in Tables 53
cand 54.

Expenment 29 -

Almmlum chlonde Results are shown in Tables 55 and 56, and
Fig. 17. ’

‘The. germmatlon of P. Glelmzz seeds m the solutions of 0.0001-0.02
mol was respectively the same as that in distilled water, but it was sl;ghtly
decreased in the solution of 0.1 mol, and the germination of P. jesvensis
seeds in the solutions of various concentrations differed in each case. Such
a difference in percentages of germination of P. jezoensis seeds according
to the varying concentrations of the present salt may be attributable to the
character of the seed such as imperfect fructification, because the fructifi-
cation, that is seed quality, of P. jezoensis is inferior to that of P. Glehnii.
But on the whole, the effects of alminium ion upon germination of Picea
seeds were not so fatal as those of barium ion. .

Table 53

Germinatipn record of the seeds of P. Gleknis
in AlCl;-solution. Temp. 20°C.
Duration of experiment: 1) Jan. 10-Feb. 3. 1940.
: 2) Feb. 27-Mar. 16. 1940. ..

Concent- Number of germinated seed after Percentage
ration Sof
sggt ] g . P L germi-
{mol) da7y5 ”» 2 I;? ln n2 )? I:? 15”19 Total | nation
0.10000 ] [} 1 4 i 4 7 —_ 27 54 52
0:.10002) o} [} o 1 3 4 7 4 31 50 54
0.0200%). 0 2 10 22 .| 1 7 4 7 4 | 76
0.01001 o) 7 8 19 1s 8 10 — 15 8 " 74
001009 | 1 2 13 16 | ©6 15 7 6 12 78 77
0.00201) o 7 18 14 i1 8. 6 —_ 9 73 67
0.0020D o 4 12 20 14 1o 4 3 8 75 76
0.00102) 1 7 8 18 1z 11 10 | 4 7 78 77
0.00012) o 5 7 16 141 16 10 4 7 76 76
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Table 56

Germination record of the seeds of P. jezoensis
in AlCl;-solution. Temp. 20°C,
Duration of experiment: 1) Jan. 16-Jan. 27. 1940.

2) Feb. 27-Mar. 16. 1940.

3

Concent- Number of germinated seed after Percentage .

r:mfon . of
Ol .

salt : . _ germi-

oy e b el W W] %2 et | mation
©0.10001) o o o 6 7 7 - 12 13 45 45
0.10001) o o o 2 3 10 |- 8 5 21 49 51
0.02001 o 8 17 18 11 4 1 o 2 61, 63
0.01002) 22 18 14 8 4 I |,— H 2 70 71
- 0.01002) I 14 15 12 6 6 3 1 3 61 59
0.00202) 22 18 10 12 5 3 —_ 2 2 74 |- 7%
0.0020% 5 13 20 19 6 3 I o 4 71 72
0.00102) o 5 16 11 6 4 o 3 1 46 50
0.0010%) 2 13 21 11 9 3 s 2 2 3 66 68

Fig. 17

Curves of daily change in percentage of germination of the seeds of
Ficea Glehnii and Picea jezoensis in alminium chloride solution
in different concentrations. Concentration in mol.

’

100
90
8o

g

Percentage germination
w
=)

9% "7 8 9 10 I1r 12 13 14 13 16-22 days

Days after start of germination test



GERMINATION OF YEZO SPRUCE SEED , 69

3 Antagonism of salts to gel'nlihatiOn

It has already been stated before that the effect of one salt in solution
upon the absorption of water or upon the swelling of seed is influenced
by presence ‘of “another- salt ; and""thié‘phenbmenon is called antagonism.
From the results in the experiments described above in this paper and the
review of literatures with fespect to the effects of ions upon the physnolo-
gical function of plants it ‘may be considered that there also may exist
some antagonistic dctions between certain two kinds of salts in respect to
their influences on the germination of seeds. Therefore, in order to make
certain of this fact, the following Experiment 30 was performed with various
combinations of several salts. '

Experiment 30

The method and materials were the same as in Experiment 21. As
the mixed salt solution the following combinations were prepared, using
sodium chloride, potassium chloride, lithium chloride, - calcium chloride,
magnesium chloride and barium chloride of 0.1 mol concentration.  The
combinations of salt solutions are seen in Tables 3 5 and 56. Results are
shown in Tables 57 and 358. ‘

For the sake of simplicity, the writer has made the following sum-
marized Tables from Tables 57 and 58.

Upon germmatxon of P. Gleknii seed (a):

——
I series Na+ K>Na + Ca>Na +Mg>Na+ Ba >Na+ L1 {germination_poor)
II series Ca+ Na>Ca+Mg>Ca+K>Ca+Ba>Ca+Li :
III series K+ Na>K+ Mg >K+Ca>K+ Ba>K+Li
IV series Mg+ Na>Mg4++K™>Mg +Ca>Mg+ Ba>Mg+Li
V series Ba+ Na >Ba+ Ca>Ba+K >Ba-+ Mg >Ba-+Li
, VI series Li+Na>Li+ Ca>Li +K>Li+ Mg>Li +Ba

-

Upon germmatlon of P. jezoensis seed (b)

—
I serles Na+ Ca>\Ia +K >Na+ Mg >Na+Ba>Na+Li (germination poor)

II series K+ Na>K+ Ca>K+Mg>K+Ba>K +Li
1II series Ca+Na>Ca+K>Ca+Mg>Ca+ Ba>Ca+ Li
IV series Mg+ Na>Mg+ K >Mg+Ca>Mg-+Ba>Mg+Li
V series Ba+Na>Ba+ Ca>Ba+ K >Ba+Mg>Ba+Li
IV series Li+Ca>Li+Na>Li+K>Li+Mg>Li+Ba
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Table 357

Germination record of the seeds of Picea Glehni,
Duration of experiment: Apr. 20-May 13. 1940.
"~ Concentration of salts was 0.1 mol.

Number of germinated ‘seed 'after Number ' | Percéntage

© Salts 10 il 12 13 12 115~ cra?:{:ed ge(:'ini—

: d:?ys IC ‘—k ) 12 N o 524\ Total |  seed nation
H,O 15 1 131 141 61 8| 4| 5| 65 7 64
CaCl, o [} o o 4 1 23 25 ;;4 25
Ckm | o of r| x| 3| 2| 82| 3 2
Ca(S)\;]{(z) o o o 2 z 1 26 31 . 38 31
Ca(4): K(6) o o o | 3 7 5| 10 | 25 | \ 43 25
Kl o o ' [o] 2 2 | 1 20 25 33 25
K (9): Na(1) ‘ ) 1 3 7 7 8 15 41 23 41
K (8): Na (2) o 1| 3 6 12 9 20 51 29 50
K (4):Na(6) 3 5.4 7 10 15 9 4 | 63 15, 64
NaCl 6 13 15 13 9 3 4 63 4 63
Na (9):Ca(1) 9 {115 9 6 4 | 12 | 65 7 54
Na(8):Ca(z2) o 7 1§ 12 14 9 15 68 13 69
Na(4):Ca(6) o I o I 2 4 | 18 26 446 26
Ca (9) : Mg (1) o o o 1 2 1 . 18 22 40 22
ba(S):Mga(z) o- o o I 2 ’ 3| 32 38 35 38
Ca(4):Mg(6) o o o o 5 2 23 30 35 ’ 28
MgCl oy o o o o 1 10 11 21 i
Mg (9): K (1) o o I 4 6 3 24 40 29 40
Mg(8): K (2) o o T3 3 5| =24 | 36 37 36
Mg(4):K(6) | o | 2 of 2| 2 "6 25| 37 47 37
Mg(9): Na(1) o 0, B 4 I 1 2 28 33 31 34
Mg (8): Na(2) o | 1 2 3 31 15 | 32 22 32
Mg (4): Na(6) o I 4 I 8 27 | 59 20 59
BaCl, o o ol o o ] o o 23 o




.

GERMINATION OF VEZO SPRUCE SEED 71
Table §7 (Cosntinzed)
Number of germinated seed after - Number | Percentage
Salts 9 o . 12 . va | 1524 - cragcéd ge?r_fni-
days | 7 ” " W . 724 Total | seed nation

Ba(9): K(1) o o o o o o o o sS4 c;
Ba(8): K (2} o o o ’o‘b o o 2 2 57’ 2 ‘
Ba(4): K (6) o o o I 2 17 | 21 sI 21
Ba(o):Na(1) | "o o [ o o o ol o 57 o
Ba(8): Na(2) o o o o.i o o 2 2. 58 2
BagyiNa(6) | o | o | 1| 3| 2] ala || 3 33
Ba(g):Can)’ o ol o o ol 1 8 9 48 9
éa(S):Ca(z) o o o ] o- o 2 2 A 59 2
Ba(4):Ca(6) [} [} o o o 2 28 30 ‘43 30 -
Ba(9):Mg(1) | o o o o o 0 -0 o V 34 o
Ba(8): Mg (2) o o o o o o o o 27
Ba (4) :Mg(6) Qo o o 1 o o 5 6 30

LiCl ~ o o o o o o o o 3 o
Li(g): K (1) o o o o [} of, o o 4 o
Li(8): K(2) o o o o o o o o 4 o
Li (4):K,(6) o 0 o 0 1 o 4 5 18 5
Li{9):Na(1) o ,o o [} o o o o 6 o
Li(8):Na(2) o o] o o o] o o o 7 o
Li(4): Na (6) o o 1 1 fe) 2 '8 12 21 12
Li(9):Ca(1) o o o ) 0 o o o 8 o
Li(8): Ca(2) o Qo o o o) o o Q 8 o
Li(4):Ca(6) o ° ° ° o ° 7 7 24 7
Li(g):Ba(1) o o o o o o o o 6 o
Li (8):Ba(é) o o o o o o o o 7 o
Li(4):Ba(6) o o o o o| o o o 33 o
Li(9): Mg(x) o o o o o o o o o
Li(8): Mg (2) o ) o o ) o o ° o
Li(4): Mg (6) o o o o 4 o} =2 3 26 3
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Table 358
Germination record of the seeds of Picea jezoensts.
Duration of experiment: Apr. 20-May 13. 1940.
Concentration of salts was 0.1 mol.
Number of germinated seed aft;er Number | Percentage
Salts ‘ crac::g(ed ge(;fmi-
Sl el e B s tem| wed | nation
H,0 7019 | 13 | 14 4 5 2 | 64 3 6s
GaCl, o [+] o o [ o b3 11 31 11
Ca(9): K (1) o o o o ] 1 20 21 33 21
Ca(8):K(2) o 0 o 2 |.3 7 19 31 23 31
Ca(4):K(6) o 'o o 1 3 5 i‘ 29 38 23 38
KCl o o o 3 2 3 33 41 385 41
K (9):Na (1) o [¢] o 1 1 3 19 24- 33 24
K (8):Na(z) L o 2 3 11 15 7 17 1. 38 y 55
K (4): Na (6) o 2 9 16 12 9 12 | 6o 8 61
NaCl . 1 5 9 12 8 11 16 62 8 61
Na (9):Ca(§1) o 5 12 | 16 10 8 10 61 6v 60
Na (8)‘: Ca(2) o 2 8 12 12 9 18 61 4 60
Na (4):‘Ca(.6) o o o o 4 6 2_6 ‘ 36 19; 36
Ca(g):Mg(I) o o o o o o 7 7 zr.'j 7
Ca (8) :Mg(2) o ) o ol o o 19 19 30‘: 19
Ca(4):Mg (4) o o o o [} o 14 14 16j 14
MgCl' o o o o o o 22 22 46: 22
Mg(g): K(1) o o o o o 1 17 18 16 .18
Mg (8): K (2) o o o o ) 1 18 | 19 1 §¢ 20
Mg(4): K (6) [ o o X 1 2 25 29 33 29
Mg(9): Na;(l) . o o o o 1 4 21 26 10“ 26
Mg(8): Na(z) o o o ) 1 2 | 27 | 30 26, 29
Mg(4): Na(6) | o o 1 4 9 8 | 32 | 541 5 54
BaCl, o o o o o (o) o o 12 .0
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Table §8 (Continued)
Number of germinated éeed after Number | Percentage
Salts h P cra(é{ted ) gen?;qj.
days 9 fo 11 12 1 13 114~24 ) poray|  seed “nation

Ba(g):K (1) | o o | o (o] o o 2 2 27 2
Ba(8):K (2) -] o o o o o 6 6 36 6
Ba(4):K (6) o o o o o 1 17 18 37. 18
Ba(9):Na (1) o o o o o o o o 16 o
Ba(8):Na(2) o o o 0 o o 3 3 ’4‘3 3
Ba(4):Na(6) o o o o 1 2 23 26 24 26
Ba(g):Ca (1) o o o ) o o 7 7 23 7
Ba(8):Ca (2) o o o o o o 22 22 26 22
Ba(4):Ca (6) o o o o o o o o 15 o
Ba(g): Mg(1) o ol|.o o o o ° o 14 o
Ba (8): Mg(2) o o o o o ° 1 1 24 I
Ba (4): Mg(6) o o o o o] [} 3 13 -3

Licl ' o o o o o o o o 10 o
Li(9): K (1) o o o [} [¢] o o} [¢) 4 o
Li(8):K(2) o o o o) 0 o o o o
Li(4): K (6) o o | o o o o o o 19 o
Li (9)‘:Na‘(1) o o] o o o o o o 13 o
Li(8):Na(=2) [} o o o o o o [ 6 o
Li(4):Na(6) o o o o o o ° o 17 o
Li{g):Ca(1) | 0 o o o o o o {' o 7 o
Li(8):Ca(2) o o o o o o o o 10 o
Li(4):Ca(6) o o ) o I I [ 1r 21 11
Li(g):Ba(1) ) o [¢) o o o o‘ o o
Li(8):Ba(2) [+] o [¢) o o 0, [o) o 6 F 0
Li(4):Ba(6) . o o [} o o o [ o 7 o
Li(9): Mg (1) 0 o o o o o o [} 5 o
Li(8): Mg (2) o o o o o o o o | "' 13 o
Li(4): Mg (6) o o OJ o o o o o’ 19 o
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As is seen in the above summarizing Tables a and b, the effects of
_lithium chloride and barium chloride are most harmful to compare with

other salts upon the germination of Picea seeds. As far as shown in these.
two tables, HoFMEISTER's lyotropic series of ions or salts is not applicable
to germination of seed, and the results shown in Tables 57 and 58 do net,
also harmonize with the results of the experiments on absorption of water
by seed and its swelling.  Fhat is to say, in the case of absorption of
water the effects of K, Na, and Li are greater than those of Ca und Mg,
and then so-called antagonistic action of ions exists between Ca and Na or
K; but it does not exist between Na and K or Ca and‘"Mg.{ The effect
of Na and K was practically the same with respect to germination of seed,
and that of Li was most unfavourable. Among bivalent cations, the action
of Ba was much more powerful in the retardation of germination of seeds
than other salts. )

"In general, the germination of Picea seeds was excellent generally
parallel to the amount of Na or K in the mixed salt solution and it was
very poor in accordance with the increasing of Ba or Li salts. So-called
antagonism to the germination could not .be recognized between K and L,
Mg and Li, Ba and Li, Ca and Li, and Na and Ii. But it may be said
that the excellent effect of Na and K in a certain combination, was seen
in germination so far as Piea seeds were used, and this fact shows that
the antagonistic action of ions or salts in one case does not always accord
with the results in another case.

_ 4 Non-electrolyte

The non-electrolytes differ from electrolytes or organic acids in many -
points such as osmotic phenomenon, ionic action, permeability; diffusion Jdn
solution or nutrient values as a nutrient source.  Therefore these experi-
ments were projected to see the relation *of non-electrolytes tb‘the germi-
nation of P. Gle/mii and P. jezoensis seeds, to compare with each other
the results of experiments which were performed by using electro]ytes or
non-electrolytes, and to see the role of non- -electrolytes on the absorption
of water by the seeds, and also the swelling and germination of the seeds.
Saccharose, glycerine, urea and alcohol were used as non-electrolytes.
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Saccharose
Experiment 31

"Results are- shown m Tables - 59—62 and Figs. 18 and 1.
'+ From the results in Tables 59—60 and Fig. 18 it may be seen that
_the percentage of germination of P. Glehnii seeds decrease in accordance
with increasing of concentration of saccharose solution., The percentages
of germination i solutions of less than 0.1 mol concentration was nearly
the same as that in distilled water. Therefore it may be said that-the
saccharose solutions of less than 0.1 mol concentration did not exert harmful
effects,” which may depend on the osmotic action of solution, upon the
germination of P. Gle/unii and P. jesoensis seeds. In the solutions'of more
than 0.2 mol the percentages of germination of the seeds very much de-

creased; P. Gleknii seeds did not germinate any more in the solutions.of

more than 0.45 mol, and P. jezoensis seeds did not germinate in the solutions

Table 359

Germination record of the seeds of Picea Glelnii
in saccharose solution. Temp. 20°C.
Duration of experiment: 1) Dec. 27. 1939— Jan. 11. 1940.
2) Feb. 17~Mar. 4. 1940.

Cor:::lzr:lt Number of germinated seed after Percentage

' }?f ; : - g'e‘r)rfni-

e S| o s w5 tow | nation
1.00 o o o o | o o o o o o o
0.80%) | o o o [ o o o o [} o} o
0.60%) o o [} o ] o] o o o o o
0.409 o o o o o} .0 1 o 1 2 2
o.2025 o [ o, 2 6 6 5 1 15 35 36
o.100) 2 ‘ 5 21 11 13 7 — 10 1 770 70
0.021). 0 | 18 | 21, 9 4 | — 7 1 75 76
0.0t 13 17 20 6 7 3‘ - 5 2 73 - 713
H,0V 1 21 19 9 3 4 - 8 o 75 74
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Table 60 o
Germination record of the seeds of Picea jezoensis
in saccharose solution. Temp. 20°C.
Duration of experiment : 1) Sept. 13-Oct. 5. 1940. -
Cancent- " Number of I d séed afte ’ P
ration umber of germinated sced after ercentage
of . . : of .
saccharose| 2]z [a =2 Ja |s [ [a-Ja 1= |2 |= |s [0 = germi-.
BRGNP R N R R I 0 R IS R - P el el
0.45 ol ol ol o] o] ol o}l 01 0| o]l 6]°0} of @} o o
0.40 ol ol ol of ol o] 0| of o} ol o] of x| 2| 3} 3
0.35 1| 1| 2| s|lw|l ol 5| 71 3] 2| 22| 2] 2|s3] " 53"
Fig. 18

Percentage germination

Curves of daily changé in percentage of germination of the seeds

of Piced Glehnit and in saccharose solution of different

concentrations. .~ Concentsation in mol.
100
90
8o |
70 P et
/os - ’/.'/
. "b.(/ '\9,. .
60 A
R 9‘@0'1" A
L
50 /e e
/'/ ’
40 //'.// L/
w7 .
o | 4 s
3 4/ -
/ /
20 /./ / 0:29..
/ .
10 l/ / L
! . Y,
e . 0.40
o b - . )
]
% 8 9 10 11 12 13 14 15, 16~-18 days

Days after start of germination test
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Table - 61

Germination recbrd of the seeds of Picea J’ézamsz’s
in saccharose solution. Temp. 20°C.
Durafxon of experimment’ 1) Dec.” 27. 1g39-Jan. 11. 1940.’
" 2) Feb. 17-Mar. 4. 1940.

’ Cor:tcif;::' Number of germinated seed after Perce‘t_)tage,
of 7 : . o,
saccharose 8 1 i 1 16~ germi-
(mol) days !91 1:? !” ' 1”2 ﬁ‘; In4 ’5 1)24 TO(?’. Datlon.
1.00D [} o -0 | o o o o o o o o]
0.80D o o o o [ [} o o o o o
0.602} [ o o o o o ‘0 o] o o o
040 | o} o o’ o| o o o o o o o
0,200 o | o o o [} o 2 | 1 10 13 14
o.101) o 6 14 1§ | 10 8 - 7 1 61 61
0.02L 5 19 | 17 13 7 3 —~ 7 =z o 66 64
0.011) 8 | 21-4 16 13 |+ 8§ 2 — 2 1 68 69
H,0 6 20 19 |10 | 3| 1 -— 3 1 58 58
Table 62-
Germmatlon record of the seeds of Picea Jezoensis
in' saccharose solution. Temp. 20°C.
“ Duration ‘of Experiment: Sept. 13-Oct. 5. 1940.
C(r):tciitlllt. + Numbet of germinated seed after: ) C Perce?tage
(o)
of . g - — = s i-
saccharose :;J, FE Y a2l falarla n ol = | R «;15 5 %Z?x?n
mol) [\ Bl | o |2 ]|2lalolT|2ie|nir]2]gse
©-0.35 ol of olol o] of 2| 21 3] 2| 2| 4} a| 625 26
o0 o|'0] o] ol o]l o] o} 1| o] oo 1| 1| 3] 6 6
0.25 2| 31 71 915 9| 4| 2] 2| 2| 1 1| of ofsy 60
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Fig. 19
Curves of daily change in pertentage of germination of the seeds of
Picea jesoensis in $accharose’ solution of different

concentrations. Concentration in molk

100

90

70

60

50

40

Percentage germination

20 A

10

(]

% ‘8 o9 ¥0. 11 12 I3 14 1§ 16=24 days
Days after start of germination test

higher than 0.40 mol though the former in the solution of 0,40 mol and the
latter in 0.35 mol germinated moderately. They rapidly lost their capacity
of germination in the solution of 0.45 mol or o.40mol. Judging from these
facts it may be considered that the critical concentration of saccharose
solution in respect to germination of Picea seeds may perhaps exist at 0.42
mol'in P. Glelmii and at 0.38 mol in P. jezoensis.  The concentration of
the solution used in the present experiments throughout the capacﬁy mol,
i. e. one gram molecule of every su‘bstancé'in 1 L. of the solution, was
adopted. In other words, in such concentration the Picea seeds can not
germinate in the saccharose solution. The critical concentration of saccha-
rose solution for germination of P. Gl/nii seeds is slightly higher than
that of P. jezoensis. '
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Glycerine ‘ ‘ .

.

Experjment 32 .- )

The effect of glycerine upon germination in different concentrations
was studied.  Results are shown i Tables 63 and 64, and Figs 20 and
a1 ‘ ey

Table 63 and Fig. 20 show that in concentrations ‘of more than 1.0
mol germination of-P. Glehnii seeds was checked, in solutions of 0.10 or
0.2 mol it was as high as'in distilled water, but in solutions of 0.2-0.6 mol
germination was lower than in more dilute solutions. In Table 64 and
Fig. 21 it was seen that germination of P. jesoensis in a higher concent-
ration than 1.0mol was not observed, and in those selutions of less than
0.2 mol germination was very good. At any rate, germination of P, Gleknii
and P. jezoensis seeds decreased in accordance with the increasing of
glycerine concentration. The maximum concentration of glycerine solution

Table 63

Germination record of the seeds of Picea Glehnii
in glycerine solution. Temp. 20°C.
Duration of experiment: 1) Sept. 13-Oct. - 5. 1g40.
‘ 2) Feb. 17-Mar. 5. 1040.

3) Mar. 2-Mar. 24. 1940.

C::fieol:' Number of genninated seed after I’erqe?tage

of o,

: B ermi-

dheetine \ L8 o L e | || o adon
1301 o o Q o o o o [ o o [}
1200 o o o o o o o o'l o o o
1101 .0 o o| o o o o | o o o o
1.00D [+] [} o o o o) o o o o o
1.00D o o o o o) 0 o o 2 2 2
0.80% o o o o o o 0 [} 18 18 17
0.609 o o o] o 1 4 11 9 30 55 53
0.409 (o] o o 4 10 1x 10 10 19 64 64
0.20%) o 3 3 6 14 9 12 9 | 18 74 72
0.10%) o 3. 6 13 17 16 9 5 8 77 78
0.019 3 13 15 16 13 8 4 1 4 77 77
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,' ) Table 64

Germination record of the seeds of Picea jezoensis
in glycerine ; solutlon Temp. 20°C.
Duration of experiment : 1) Sept‘ 13-Oct. 5. 1640. .
" 2) Feb. 27-Mar. 16. 1940.
3) Mar. 2-Mar. 24..1940.

' C‘::fif;:' ‘ " Number of germinated seed after © Percgfr_ltage
L of — ' — i ermi-
e ale E L e e ] e s | mmon
1.30D o[ o] o o o o] ol o o o o
1.200 o o o o o | o oj o'l o] o o

‘S onpot.| o ol o o o o- o o o o o
“Loo® . |..0 }. o o.} o ol 0| o] o] o o o
"1.00% o o ) o o o o o o o o
0.80% [ ] o [ .0 o [ o 4 4 4
0.60%) "] o o [} 2+ o 1 8 36 47 46
0.403Y o <] o | 3 7. 10 9|15 | 10 |, 54 54
0.20% [ 54 8. 19 17 100 . 7.1 6, 5 77 75
0.109 ) ‘o' 13‘ '13‘ (19 1K 3 it ¢ 5 65 64
0.0 "5 13 14 | 12 16 4 3707 1 2 70 68

to allow the gérminadtion of P. Glekinit seeds 'is §Iightly",higher than that
for P. jesoensis. Furthermore it is ihteresting to note that germination of
seeds of P. Gleknii and P. jesoensis does not occur in the saccharose
solution of 0.4mol notwithstanding both seeds have’ germmated in the
glycerme solutions of 0.6 or 0.8 mol concentratlon That is to say, no
injury upon germination of both seeds occurred in glycerine solution higher
than 0.4 mol concentration, while in dilute saccharose solution less than 0.6 .
mol the germination could not occur. A consideration on the cause of
these different influences of saccharose and glycerine on the germination of
Picea seeds: will be presented in the later part of this paper. In Experi-
ment 32 the hygroscopicity of glycerine must be taken into consideration
in discussing the results, because as glycérine is very hygroscopic, it may
“be probable that the concentration of glycerine solution becate more dilute
in the thermostat during experiment. To clarify this point the following
experiment’ was_performed. SRR
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»
. ~ Fig. 20
Curves of daily change in percentage of germination of the seeds
- 'of Picea Glehnii in glycerine solution of different concentrations. Coneentration in mol‘.
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Fig. 21 ..
Curves of daily change in percentage of germination of the seeds
of Picea jezoensis in glycerine solution of differenit concentrations. Concentration in mol.
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Experiment = 33 ‘ .

After the total weight of a bottle with gcc of glycerine solution of
. each concentration was weighed by balance, it was kept in the thermostat
of 20°C, and weighed every day.. The bottle was kept open. Experiment
was carried out in triplicate. The results are shown in Table 65.

Table 65

Average change of weight of glycerine solution of various
concentration at thermostat of 20°C.

Concent- ) Increased or decreased weight of lgi{ce:“:sge%
rat}on Initial glyctrine-solution after (grm) © we?ghet of
glyé:arine weight : - ‘iglygerine
(mol) . 1 day 3 days 7 days 13 days uring o3
! 3 days S| mAws | days (%)
. s . A
0.05 5.0300 -0.3163 ~1.5983 | =301g0'| —4.8077 95
o.10 4.9912 -—0.2058 —0.7097 - 1.3959 —2.8603 57
0.20 5.0432 '-.0.2339 - ~0.7067 - 1.443;4 . —=2.6350 52
0.30 . 49833 - ~0.1952 —0.5888 ~ 13788 —2.1909 43
‘0.40 5.0207 —0.2447 -40.8;)07 — L7776 —3.1262 62
0.50 5.0481 : >-o.3788 . - 10575 —2.7616 —4.4034 87
060 5.0431 -~0.3398 —0.8476 —17168 | —31708 | 62
0.70 5.0493 ~0.3162 —0.8567 ~1.74099 ~3.4814 |. 68
0.80 - 5.1178 W —0.3228 —0.7963 —1.7455 " —3.6390 71
- 0.90 ' 5.0925 -~0,2637 —~0.7551 —1.7561 —~3.2983 | 64
1.00 5.0681 —~0.2049 -0.8960 —2.0861 —3.4338 2s

%

As is shown in the results of the present experiment the glycerine
solutions of various concentration  did not absorb any moisture in the
thermostat, on the contrary they lost water from glycerine solution. - Namely
the weigt of the bottle containing glyceriné solution decreased by evapo-
ration of water, and the evaporation of water increased in. accordance with
the decreasing of the concentration of the solution. In general, in the
germination test the decreasing of water from the germination vessel must

be taken into consideration, especially in the experiment to see the relation
L]
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between the concentration of salts or other substances and germination of
seed, because though the concentrations of the solution were miade equal
~ at the beginning of expeviment they may.easily change during the experi-
“ment in thermostat. ' ; '

.

’

Urea
Experiment 34

To .find out the influence of urea dolution of various concentrations
upon germination of Picea seeds Experiment 34 was carried out. Results
are shown in Tables 66 and 67, and Fig. 22.

In the urea solutions below 0.1 mol concentration seeds of P. Glekmi,
germinated nearly as well as in distilled water, but 2. jezoensis seed did
not germinate so well in the 0.1 mol concentration. The deleterious effect
of urea solution upon germination of both seeds became serious with an
increase of the concentration. The germination of the seeds of P. Glehnii
in urea solution higher than 0.2 mol concentration was as poor as that of
P Jezoensis seeds. More exactly, when .the concentration was fixed at 0.2

Table 66

Germination record of the seeds of Picea Glehnii

, i in urea solution. Temp. 20°C. ~
Duration of experiment: 1) Jan. ¢-Feb. 16. 1940.
2) Mar. 6-Mar. 22, .1940.

C(::fiir:' , Number of germinated seed after : Peycefntage
. . o
u(r)ga 9 10 11 12 3 14 15 16 |17-23 germi-
(mol) days ” ” ” #woNon ' » ” »”| Total | mation
1.00") o o o o 6 o o o o o o
0800 - o o o %o o | o o o o o o
0.602 Q o o o o o o o o o o
6.40?7 o o o o o [ o o o o o
0.20% o o o o | o 3 3 o o : 6 7
0,501 2| 6| 12 10 1 6 — | 7 4 | 38 6o
0.02Y l8 15 18 9 9 | 4 — 6 2 7I 69
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Table 67 )
Germination record of the seeds of Picea jesoensis
in urea solution. Temp. 20°C,
Duration of experiment: 1) Jan. ¢9-Feb. 16. 1940.
2) Mar. 6-Mar. 22. 1940.
C(:ntcier:lt- Number of germinated seed after Percentage
aofo of
germi-
urea .
e |l e e ] ] s ] o] Bation
1.001). [ [} o [} o o [} o [] o (o]
0.800 o o o o o o o o o o o
0.60%) o o o o o [} o o o o o
0.46?) (] o] o o o o ] [+] o [o] -0
0,209 o ° o o o o I o o 1 1
o.10D) o 8 5 8 5 4 — 2 2 1 v34 36
0.02 i 19 15 7 4 3 _— 2 1 62 62
Fig. 22

Curves of daily change in percentage of germination of the seeds of Picea Glehnii and
Picea jezoensis in utea solution of different concentrations. Concentration in mol.
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‘mol the percentage of germination of P. Glefnii seed in saccharose solution
was 36 %, in glycerine solution was 72 %, and that of P. jeseensis in
saccharose solution  was 14 %, in glycerine solution was 75 % and in urea’
solution was only 1 9%. These results indicate that although the concent-
rations of .these three non-electrolytes were. the same, their influences upon
germination of Picea seeds varied. ' . .
Judging from these.facts it may be said that urea is very harmful

. upon germination of Ficea seeds even when the concentration of urea was
lower than that of saccharose’or glycerine solutions. As the cause of

“such stiiking harmful effects upon germination in urea solution, the following
points may be taken into consideration : firstly special permeability, secondly

action of urea on physiological function of plants. In articles already

published '(I§29, 1935), the writer has stated that the nutritive value of

urea in the soil or water cultures of higher plants depends to a large extent

upon the concentration of urea, the kind of plants, especially activity of

urease which is contained in plant, or hydrogen-ion concentration, and he

said that urea poisoning was due to extreme accumulation of urea itself

and ammonia which is liberated by the action of urease from urea, to the

decreasing of hydrogen-ion concentration, and to the direct effects of urea

itself, 'Therefore, also in order to ascertain the cause of ill effects of urea
upon germination one must also take into consideration the hydrogen-ion

concentration, the occurrence of 'urease, and the detection of urea itself in
Picea seeds submerged in urea solution. Among these points, the role of

urease may be regarded as the most important factor, and concerning this

problem the following works, have been published: Takeuch! (1907), for

the first ;ime, demonstrated that urease exists not only in lower organisms,

but also in higher plants. According to KiEseL (1927) urea can not exist

unchanged in the plant body if urease occurs, and the conditions under

which urease exists are closely related with the decomposition of urea.

PirscHLE (1929) confirmed with many higher plants, especially in the root,

that an intimate relation exists between the occurrence of urease and pre-

sence of urea in the culture solution. Tausbck (1927), Yamacuca: (1930,

1935), Granick (1937 a, b, 1938), BogEn (1938) also ascertained the

relation between the action of urea in plant body and physiological function

of plants or on the distribution of urease in plant bodies: = From these

investigations it may be seen that urease has a close physiological relation

with the nitrogen metabolism in plant body so far as urea is produced in

plant body or is resorbed as itself. Then, the following experiment was

carried out in order to ascertain the above mentioned points. "
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| Experiment 35

The seeds of P. Gleknii and P. Jezoensis weré germmated in PETRI-
dish with distilled water in the same manner as in previous experiment.
When the seeds commenced to clack or the primary root emerged, the
seeds were transferred to another PeTrI-dish and after sufficient washing
in distilled water, 200 individual Picia seeds wé;e ground in a porcelain
mortar, and added with 30 cc of 30 9 alcohol. Thus prepared gruel was
left to stand for thirty minutes, and then filtered. Filtrates were poured
into an ERLENMEYER’s flask of ca 50cc capacity with other substances.

Alcohol extract of sample  gce .
Urea (M/100) 25cc

- Phosphate buffer mixture 5 cc -~
Phenol red (0.04 %) 5 drops -
Thymol ‘ a small piece

The pH-value of this mixture solution was 7.3 or 7.4 and’ remained
nearly unchanged during the experiment. = After keepmg this mixture for
2 hours in the thermostat at 30°C, the total free ammonia was estimated
by the micro-Kjeldah! method.  As control a mixed solution was used,
Wthh was pr epa: ed using distilled water instead of 0.01 mol urea solution,

Table 68

P. Glelnii and P. jezoensis. 200 grains.
Seed submerged day
Seed
Control 2 4 6

Urea decomposed (mg) (0.03) ‘0.06 0,16 6.21 0.34
P. Glehnii. :

Percentage of urea decomposed (23) 04 1.06 1.4 2.26

Urea decomposed (mg) (0.03) 0.04 0.18 0,10 0.24
P. jezoensis

Percentage of urea decompased (%) | 0.26 1.20 0,66 1.60

Table 68 shows that the occurrence of urease in Picea seced was de-
tected though its intensity varied according to the stage of germination.
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Thus, from this experimental result the action of urease in germination
Pm’a seeds was proved. From this fact it may be reasonable to believe
that the decomposition of urea, though some of it is absorbed by seed as
urea itself, occurs in germinating seed by the action of urease, consequently
it results in the accumulation of ammonia and pH change. On the other
hand, as the action of urease is very quick, its occurrence in the germi-
-nating seed may affect the change os transportation of urea. In order to
see the change of pH-value and detect’ the presence of urea in’ germmatmg
" seeds Experiment 36 was performed r

Experiment 36

.The hydrogen-ion concentration of the expressed sap of germinating
seeds was determind in the following manner, using the indicator of CLARK
and Luss. A small drop of dilute indicator was put on a non-alkaline
objective glass. After drying of the, indicator solution, a drop of the ex-
pressed sap-of the germinating seeds or very small root tip was added to
it, and the pH-value was determined. The detection of urea in germinating
seeds was qualitatively tested microchemically by the xanthydol method
of FossE (1913). KLEIN and TauBSck (1927) and MEvius (1931) pointed
out that this reaction is not limited to urea, but also can be applied to
ureides. From writer's experiment it may be reasonable to say that the
crystals which appear in the tested material after the addition of the reagent
indicate the reaction of urea or at least of ureides which can be derived
from the resorbed urea.

Table 69
P. Glehnii

pH of expressed sap of germinatéd seed

entration of ur ;
Conc urea Detection of urea

(mol)

Control (initial) After 1 days
o.1 . 4.6 ‘ 8.7 -
0.2 - 8.9 =N
03 4.6 T oa +
0.4 4.6 9.3 +
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From Table 69 it may be seen that the hydrogen-ion concentration
of the cell sap of germinated seeds decreased extremely in accordance with
the decomposition of the resorbed urea, which depends upon the amount
of urea in the solution and the duration of germinating test. Furthermore,
in this case there occurs an accumulation of ‘a‘large amount of ammonia
in germinating seeds, then it results in ammonia-poisoning as stated by
Mevivs (1928). Saro and the prgsent writer (1939) proved that ‘the
growth of P, Glehnii and P, jesoensis seedlings in less acidic or alkaline
side was very poor and in extremely alkaline side (pH 8.5) the growth
was injured. Judging from these facts it may be concluded that the poor .
germination of Picea seeds in urea solution of more than 0.2 mol concent-
ration is attributable to so-called ammonia-poisoning, to the extreme change
of pH-value and to the direct influence of urea which is resorbed as urea
itself by germinating seeds, but the latter factor may be most ineffectual.
Because urea can not exist as urea itselff for a long time owing to the
action of urease, though urea is resortbed as urea itself by seed.

Alcohol .

An investigation on the mﬂuence of alcohol upon gérmmatlon of Picea
seeds was carried ‘out in Experiment 37.

Experiment 37
Results are shown in Tables 70 and 71, and Fig. 23.

’

Table 70

Gerinination record of the seeds of Picea Glelni
in alcohol solution.

Duration of experiment: Mar. 21. 1940-Apr. 12, 1940.. - .
. Number of germinated seed after o Percentage
Concent- e ) of
ration - 10 nm | 12 | 1 1 1 6 ' | germi-
(%) d:?ys N 1] ”» ” ,5 ”4 "5 In 17;22 Total nation
10 o o | o 1 X 12 7 14 25 6o " 61
5 "o o 9 13 | 16 17 5 6 6 72 71
1 6] 14 8 12 10 8 1 4 3 | 66 66
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Table 71 , : )

Germination record of the seeds of Picea jezoensis
: in alcohol solution. ‘
Duration of experiment: Mar. 21. 1940-Apr. 12. 1940.

Number of germinated seed after Percentage

Concent- : . of
ration 10 i1 1z 1 14 [ 1 6 |{17-22 germi-
€79 d agyS » ) » ,;3 7? ”5 ”» 7; Total nation
10 o o o o I I 8 10 12. | 42 42

5 ° I 31 8| 13| 18 3 5 4 | 57 58

1 2 (] 4 14 71 5 1 o 2 55 | 54

*
Fig. 23

Curves of daily change in percentage of germination of the seeds of
Ficea Gleknii and PFicea jezoensis in alcohol solution
of different concentration.
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Days after start of germination.test

The results in Tablés 70 and 71 show that the germination of Picea
seeds was influenced by concentration of alcohol, that is, the percentage
of germination decreased in accordance with the increasing concentration,
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but the degree of decreasing of germination was not so extreme as seen
in other cases such as in saccharose or urea solution.  Alcohol ‘may
evaporate during experiment, because the period of germination continued.
22 days in many cases. Then, in order to see the evaporation.of.alcohol
in thermostat of various temperatures the following experiment was carried
out.

Experiment 38

.

Twenty cc of 5 9% alcohol was poured into a glass vessel of socc
capacity, and after keeping this alcohol solutién for 1 or 2 days in the
thermostat of 10°C, 20°C, 30°C, or 40°C, the total alcohol was estimated
by NicLoux’s method. : _ \

Estimation of ethylalcohol.—The estimation of ethylalcohol was made
according to NicLoux’s method. Given quantities (say §cc) of the ethyl-
alcohol solutions of various concentrations, viz. from 0.01 to 2:00 9%, were
prepared, taken in a test-tube and 1cc of 2 9% potassium bichromate and
5 cc of concentrated H,SO, were added, the mixture was boiled, allowed
to cool. This series of test solutions showed - difference in colour. By
using this series as the standard, the estimation of ethylalcohol was made.
Five cc of sample to be tested were put in the test-tube, and mixed with
potassium bichromate and H2304 as done in the standard series, and it
was ‘compared with the corresponding standard. If the colour was inter-
mediate between green and yellow the amount of alcohol could be at once
read off. R

Results are shown in Table 72.

Table 72
Concentration: of alcohol 5 95.
Alcohol (n'g) N
] Percentage of
Temperature - evaporated alcohol
Initial Evaporated
10°C 080 ' o1 ] 90%
20°C ‘ 080 .75 E ’ 9%
30°C . 0.80 075 95% )
v 40°C 0.80 . 0.75 ) 95%
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From this table it will be seen that the decreasing of alcohol by
evaporation in the thermostat was extremely great, and that the decreasing
of alcohol was greater .in_the. theymostat of higher. temperature than the
lower. So that, perhaps, if the concentration of alcohol solution was kept
strietly constant . during experiment, the decreasing of the percentage of
germination may be even larger than that. shown above in Tables 70 and
71.  But the decreasing of percentages of germination was clearly seen in
the alcohol solution of higher concentration compared with that in the lower.

5> Hydrogen-ion concentration

" The followmg Experiments 39-44 were carried out in order to see the
influence of hydrogen-ion concentration upon the germination of the seeds
of P. Glelnii and P. Jezoensis. 'The pH series of phosphate mixture was
prepared in the same manner. as described in Experiment 9. In this series.
of experiments, the amount of phosphate in each solution with different
pH-values was equal.

Experiment 39

The phosphate mixture solutions of 0.2 mol concentration were used
as substrates. Results are shown in Tables 73 and 74.

Experunent 40

" The concentration of the phosphate mixture solutnons was 0.1 mol.
Results are shown in. Tables 75 ahd 76,

Experiment 41

The concentration .of the phosphate mixture solution was 0.04 mol.
Results. are shown in Tab_les 77 and 78.

. ) Experlment 42

The concentration of the phosphate mixture solution -was 0.02 mol.
Results are shown in Tables 79 and 8o-

. From Tables 73, 75, 77, 79 and Fig. 24 it may be seen that these
‘vanatlons in pH result in no significant difference in the rate of germination
of P. Glehniii seeds so far as the concentration of phosphate mixture solution
is less dilute than 0.04 mol, but if the concentration is 0.2 mol or 0.1 mol
the influence of pH upon the germination is utterly different. ~ In the 0.2
mol concentration the decrease in pH caused the fall of germination, in

. .
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Table 73
‘Germination ‘record of the seeds of chea Glehnis
“in the phosphate-mixture solutions with different: pH-values.
' The' amourit - of phosphate in each solution ‘was: -
equal . and- the concentration of phosphate mixture was’ M/g. -
Duration of experiment: Jan."g: 1941=Jan.” 28. 194L.
Number of germinated seed after Per-
g 5 centage
pH — — of
R far it 6. —2c germi-
dasys g Iy? IuI 1”2 Iyi’» I;f" 1)5 11-6 I7w > Total nation
30_;7 ‘vo ‘ o -,° } o‘ﬁ [s) 0 ) [s] ‘,0 ] O ) (o]
40—42 o |0 o [ o o' "o} o o ‘o ‘o o .
‘50-32' 0 o | o o o | ot ) o | o o'| o
“6.0-6.2" o o o bitet o oi o o CRERRN I ;6 6"
Cros6.31 ol 0t [T e e e i HE S vz i [ g
8.0-7.3 o o o o 1 o 3 3 470 162 | 287
8.8-7.9 o o o o I I 4 3 2 17 28 26
Control ‘ )
6 : : 2 2 2 16 8
Ho | 4| 3 445 : 5 49 | 48
-
I‘ able 74
. Germination record of the seeds of Picea jegoensis
" in the phosphate-mixture solutions with dlfferent pH-values.
The amount of the sodium‘in: each solution was
equal and the concentration of phosphate>mixture was M/s. -
Duration of experiment: Jan. g. 1941-Jan. 28. 1941.
Number of gefminatéd seed afte;xv" : Per-
. centage
pH : of
: : i ] - ermi-
AR AR AR R R e L
3.0-3.7 o o’y o ol| o o o o o | S S X
- 4.0-4.2 o o ‘o o o [] o ‘o o 2 2 2
so-52| o | o o o ) o o} o o ] I
"60-63' .0 o o’ o o o o | 3 o 5| 8 8
17.0-6.4 | -0 o ‘o o o o 2 5 6 13 | 26 26
8.0~7.8 o o -0 o o . .21 5 4 6 | 18 35 34
88821 o o Y0 o. I 1 5 6. 5 8 26. 26
Control )
ﬁ:om- 4 | 6] 14| 13 8 I 2 I 1| 2z | 52 | 33

»
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Table. 7%
Germination 'récord of. the seeds: of ‘Picea: Glelmdhy
in the. phosphate-mixture solutions with different pH-values.
The amount of, phosphate.-in each -solution was
.equal .and the:concentration of phospbate mixtune was Mj1o.
Duration of?_.;g;xpaime,nt: Jan: 9. 1941-Jan. . 281044,

(‘ * af ’ o s - Per-
o . Number- of germinated .seed after centage
pH of -

REAR AR RS R L P
3.0_-3.6 3 — 13 5 5 4 2 6 | 3 4 45 84 .
] . -
40-42) 1 | — | 4 3 5 5 2. 4 6 ) 33 32,
52-53| o | —| 5| 4| 3| 6| 2| 7.0 ¥ | 7|3/ 35
5.9~5.9 I — 3 3 4 7 o 4 - 2 2 26 26
6862) ;30 —| o) &1 5| 54 2} s 1| 3|3/ 3
79-78| a4 | — 1 14 6 | 1 9] 2 4 1 3| 44 44
8681} 4 | —| 8 7 5 8§ R 4 4 4 | 45 49
Table 76
Germination record of the seeds of Ploea:jesoensis
in the phosphate-mixture solutions with different pH-values.
The amount of phosphate in each solution was
equal and the concentration of phosphate mixture was. M/10.
Duration of experiment: Jan. g. 1941-Jan. 28. ig41.
. . Per-
Number of germinated seed iafter centage
-pH of 3
I ERE IR AR AR AR A R N
3.0-3.6 3 — | 3 8 8 10 3 4 2 2 55 60
C40-g2| 2 | — | 12 7 7 8 3 3 2 6 1 50 52
5.2-5.2 o -—_ 6 6 7 8 3 5 5 7 47 | .52
5.9-6.0 1 —_ 10 7 6 12 1 4 4 4 49 50
68-6.3| -5 — 1| 19 10 6 6 21 4 3 3 58 59 .
70-77| 9 | ~— | 20 9 5 5 1 4 1 3| 57 o1 .
8.6-8.0 8 - 18 8 10 8 o 7 2 2 63 64
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Table 77

Germination record -of the seeds of Picea Glehnii
in the phosphate-mixture solutions with different pH-values.
The amount of phosphate in each solution was
equal and the concentration of phosphate mixture was M/25.
Duration of experiment: Jan. 9. 1941-Jan. 28. 1041,

Number of germinated seed after ) c:):t:ge
pH of
2 - ermi-
aos | B[ N[ RR N R RS Tel | lion
31-32| © 1. 5 12 8 9 7| 6 3 4 |55 57
4.0-4.2 o X o 12 10 13 7 6 3 6 58 59
51-5I| O 1{ 3 6 9 8 7 | 10 3 7 54 55
6.0-6.1 o I 2 6 7 8 8 4 2 6 44 47
6.8-6.4 o I 6 7 9 8 7 5 2 4 49 49
8.0-7.8 H 2| 3 1 8 10 7 3 2 5 52 52
8581 o 2| 3| 12 9 9 7 5 3 4 | 54 53
/ Table 78 ot

‘Germination record of the seeds of Picea jezoensis
in the phosphate-mixture solutions with different pH-values.
The amount of phosphate in each solution was
equal and the concentration of phosphate mixture was M/23.
Duration of experiment: Jan. 9. 1g41~Jan. 28. i1g41.

Number of germinated seed after ] chet:ge
pH - - : of
Sel b e 7 o | B
] \
3.1-3.3 4 13 14 14 12 6 3 2 1 o 69 68
4.0-4.2 2 5 13 17 14 7 5 |_2 2 I 68 60
5.1-5.1 3 8 9 18 12 6 3 3 I 2 65 64
6.0-6.2 1 12 1t 11 6 5 2 29 3 60 60
6.8-6.3 1 15 | 10 19 | Ix 5 3 3 1 2 70 70
8.0~7.8 3 10| 14 10 1T’ 7 5 1.3 1 1 65 63
8.5-8.0 1 9| 27 10 9 3 2 1 o 2 64 64
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Table 79

Germination record of the seeds of Picea Glehnit
.in the phosphate-mixture solutions with different pH-values.
The amount of phosphate- in each solution was
euual and the concentration of i)hosphate mixture was M/s50.
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941.

Per-

Number of germinated seed after ’ . centage

pH - of
NI B R = O L E Y Eti
29-31| o 1 4 9 7| 6 6 4 5 6 | 48 49
4.2-44| © 3] 10| 14 9 7 4 2 4 5] 358 57
51-52, o 5|1 7| u 9 6 61 3| 3 5| 55 53
6.0-6.0 L 4| 11 10 7 6 5 2 2 5 53 50
7064 o 2 7 IT .9 | 7 7 1 3 6 | 53 51
8.0-7.8 [} 4 10 11 7 6 7 4 1. 4 54 53
8.6-8.1 1 3 7 4 6 7 6 3 1 3 41 41

Table 8o.

Germinatien record of the seeds of Picea jezoensis
in the phosphate-mixture solutions with different pH-values.
‘ The amount of phosphate in each solution was
equal and the concentration of phosphate mixture was M/s0.
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941. ‘

Number of germinated seed after ceIx’zz-gé
pH ; of |
lslelwluly [ 19| 15 | 16520 g | SO
v y
2.9-3.0 r 3| 13 ¢ 15 10 1o 5 5 2 1.t 65 65
42-44| © 4 ‘ 18 9 | 7 6 3" I 3 60 59
51-5.2| O 2| 10 18 12 X 8 3 1 4 | 69 63
60-6.0| © 3| 13 | 14 12 9 | 6 4 1 2 64 63
7.0-6.3 I 5| 10.] 16 7 7 31 3 o 2 54 52
8.0-7.8 o ‘2| 13| 15 13 7 3 ' 3 2 4 62 63
8.6-8.1 o 3| 1 17 11 6 10 2 2 3 65 65
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other words the:pH variations exercised great effect upon the germination.
The relations among pH variation and concentration of phosphate mixture
and the germination of . jesoensis seeds were also the same as in that of
P. Glehnii seeds. (Tables 74, 76, 78, 80 and Fig 24). -

Accepting that as a fact could it be. pr(_)véd that something other
than pH were the factors, which caused the retardation or harmful effects
upon germination? Then,-to investigate such relations more elaborately,
the following experiments were undertaken using another phosphate, mixture-
solution of various . pH-value, in which the quantity of sodium was made
uniform. . The* method of preparation of phosphate mixture solution was

alr'eady' described under Experimeqt‘ 13.
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Experlment 43

In the present experiment the concentratlon of the phosphate mixture
solutions was 0.2 mol and the amount of sodxum in - each solution with
different pH values \vas equal Results are shown in Tables 81 and 82.

i hxperlment 44

In the’ present experxment the concentration of the phosphate mixture
solution’ was 0.02 mol, and the amount of sodium in “each solution "with
different pH-values was equal.” Results are shown in Tables 83 and' 84,
and Fig. 2. ' -

) Table 77 and 80 show that the 0.02 mol buffer solutxon of various
~ pH-values had no deleterious effect on the germination of P. Gleknii and .
L. jesoensis seeds, but it was found ‘that when the buffer solution of o.2
mol concentration was used the pH variations exercised so great influence
upon the germmatlon that the percentage of germmatlon of P. Glelhmi and
P. jezoensis seeds in the solution of pH: 3.0 to pH 4.0 was lessened to
nearly 1 9% of that in the solution with pH 7.0 or miore slightly on the
alkaline side.  In other words, if the concentration of buffer solution was
more than 0.2 mol, the pH variations had great effect upon the germination of
Picea seeds, regardless of whether the amount of phosphate or sodium in
_phosphate mixture solution was uniform or not. ,

Summarizing the above results (Tables 73-84) it may be said that the pH
variations of buffer solution influenced greatly the germination of Picea seeds
when the concentration of the buffer-was great, but it was not the same when
the concentration was more dilute one than 0.04 mol. .What is the cause of this
variation? On this point the difference of the concentration of buffer solution
may be taken into consideration. Previous authors?, who are of the opinion
that the pH variations had no effect upon the germination of seeds, used a
very dilute buffer solution, for example MATsukAWA used 0.02mol and
BorTHWICK 0.0003 mol, On the other hand, FisceER (1907), SALTER and
Irvaine (1920), ARrRHENIUS (1922, 1924), LUNDEGARDH (1923, 1924)
~ stated that the pH variations of solution do influence: germination.. They
used a buffer solution of higher concentration than 0.02'mol in experiments
with agricultural seeds. The writer’s data obtained (Figs. 24 and 25) in the
dilute concentration show that these variations in pH-value have resulted in
no significant difference in percentage of gex"mination.b However, the pH

1} BORTHWICK (1936), MATSUKAWA (1936).
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.Table 81

Germination record of the seeds of Picea jezoensis
in the phosphate-mixture solutions with different pH-values.
The amount of sodium in each solution was
equal and the concentration of phosphate mixture was M/s.
Duration of experiment: Jan. g. 1941-Jan. 28. 1941.

. » Per-

) Number of germinated seed after centage
pH - - of

8 9 | 10 11 12 13 14 15 16 |17-20| 1 0 ) Bermi-

days 1 ” ” ”» " 3 ” ) ” otal | nation
3.0-3.7 o o 1 2 3 6 4 7 5 20 48 44
4.0-4.2 o o o) o o o 1 o 1 [3 7 - 7
5.0-5.0 [} o o o o o o 1 1 4 6 6
6.0-6.0 o o o{ o I 2 3 5 [ 18 3 34
70-70| o 1| 4| 3 7 9 30 4| 2| 9| 4| 4
8o-78| 1 I 7 6 7 7 [ 4 3 5 | 46 48
88-80| o 3 8 4 7 3 5 5 3 6 | 44 46

Table 8z

Germination record of the seeds of Picea jezvensis
in the phosphate-mixture solutions with different pH-values.
The amount of sodium in-each solution was
equal and the concentration of phosphate mixture was M/s.:
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941,

-

. Number of ‘germinaled seed after . o ceﬁ:;ée
pH — . : - - = ‘ of .~

Solalwiule s s o o
3.0-3.7 o o o ) 6 7 6 7 7 17 | ‘5o ‘52

4.0-4.2 o o o o o o o o o 2 2 2z
. 5050 o | .o o o o o o o o |, 1 |
60-60| 0 4 o | ‘o o 1 1| 3 2 3| 22| 32 33
70-65| o | o 1| 2z | o 8| 6| 8| 8| 13|57 s7
So-77| o 2 7 | 1 g 1| 13 6 s 6. 8 | 66 65
8.8-8.0 o 2 4 4 11 13 8 4 4.v| 11 61 6o
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Table 83
. ; PR
Germination record of the seeds of Picea Glelnit
in the phosphate-mixture solutions with different pH-values.
The amount of sodiuni in "€4ch selution was
equal and the concentration of phosphate mixture ,was M/50.
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941.
Numb { germinated seed after Per-
umper o1 germi see! centage
pH of
8 2 . - . ermi-
days 791 la? lnI 1’,2 {i’ I’:} 1"5 1;’6 _171;24 Total %ation
| 1 l .
3.0-3.6 : 2, Io 11 8 7 5] 2 ’ 5 o 4 ‘54 55
40-41 | 1 " 8| 12 5. 7 3P 3.3 2 2 | 46 49
5‘0—5-1} °o 51 14 7 4 4 4 \ 3 3 1.4 48 49
60-60 "I . 6| 13 8 8 7, 1] 2 3 2 3 52
6864 3 12| 14| 7| s i 3| 3| 2 4| 56| s6
76-74 | 4 | 9] 12 5 61 6| 2] z1 21 z | 5 50
8.4-80' 6 77| s L4 4 4 3 1 30 4 4
| | | |
Table 84
Germination record of the seeds of Picea jesoensis
in the phosphate-mixture solutions with different pH-values.
The amount of phosphate in each solution was
equal and the concentration of phosphate mixture was M/50.
Duration of experiment: Jan. g. 1941—Jan.. 28. 1941.
* ‘ Per- ~
I Number of germinated seed after
‘ ST centage
PHL R i | of
3 ; 3 i - ermi-
days ‘ ’9’ ‘ I”o I"I 1”2 i I"’ i] I’? 1”5 f 1”6 17”24 Total gation
: ‘ ‘ ;
3.0~3.7 o 2 15 1 13 | 13 ‘ 8 1 5 [ 5 1 2 3 66 67
40-421 ©O 8118 i | 8. s . 7 ‘\ 2 “ 2 3 70 70
50-50; O 6 i 16 [ 11 11 | mlo5 3, 2 3 68 68
60-60 © 5|15 17 |12 | 4 2, 3 2 | 71 71
6.8-6.5 1 3 9| 18 12 0 J 7 ' 5 ; 3 ‘ 1 1 69 69
7.6-7.2 . 4 1z | 13 12 |6 12z 2+ 1! 1 2. | 63 66
i i i ;
3 9| 17 (’ zho3 ] 64 64

xz\xols
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Fig. 23
Curves of percentage of germination of the seeds of Picea jezoensis

in solutions with various pH-values.
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—-—remem PO,-C, M/25 (Tab. 78) [@——E—F Na-C, M/s50 (Tab. 84)

variations in the buffer solution of 0.2 mol concentration had a decided
effect on the germination, and in an extremely small pH-value the retarda-
tion of germination was very serious. Therefore, it may be concluded that
pH variations play no important réle upon germination so far as the
concentration of buffer solution was dilute, and the effect of pH variation
upon germination had an intimate relation with the concentration of the
solution,  Thus, the concentration of buffer solution may be taken.as a
most responsible factor in company with pH-value in the germination of.
 Picea 's,f;eds. Next, the amount of phosphate or sodium in the phosphate
mixture solution varies in accordance with the shifting of the pH-value,
and then in investigations on the relation between the pH-value and
germination of seeds, as a matter of course, the action of sodium ions or
phosphate ions on germination may be taken into consideration. However,
the results obtained with the solutions of sodium constant or phosphate
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constant do not show remarkable differences in the effect upon germination,
though the pH-value of solutidns varies so far as the concentration of buffer
solution is kept at less than 0.04 mol. Furthermore, also, from the results
obtained in Experiment 39, in which the amount of sodium was kept
uniform, and the results of Experiment 43, phosphate constant, it may be
concluded that the difference of amount of sodium or phosphate can not
cause the germination difference.  Therefore, it may be said that the
difference of sodium or phosphate ions does not cause the extreme effects
-upon germination.  Then, in this case it is not unreasonable to consider
‘that the pH variations of buffer solutions may be responsible for the
differences of germination.  That is to say, the injury to germination is
due to the difference of pH-value, as can be clearly seen in Figs. 24 and
25.  But the question, whether the action of pH-value is attributable to
the decrease of the OH ions or the increase of H ions can not be clearly
answered now, because the decreasing of pH-value, until the solution be-
came acidic, is always accompanied by the increasing of H ions and
decreasing of OH ions. But this effect of pH-values upon germination may
be possible only in the case when the concentration of solution is higher
‘than 0.04 mol, that is to say, the effect of pH-values upon germination has
intimate relations with the concentration of salt in the solution.

6 Temperature

In order to study the influence of temperature' upon germination of
P. Glehmii and P. jezoensis seeds the following experiments were carried
out.

Experiment 45

Methods and materials are the same as those described before. Re-
.sults are shown in Table 8j.

The results of the present experiment show clearly that the higher
temperature retarded the germination of Picea seeds more severely than
the lower temperature. The percentage of germination of P. Gle/mii seeds
at 20°C was 77 % but that at 30°C was only 26 25, and in P. jezoensis
it was, 72 9% at 20°C, and 41 % at 30°C. Another experiment was carried
out in the same manner as above mentioned using the seeds of P. jezoensis
gathered in the autumn of 1939. The. maturity of the seeds was very
poor and the percentage of germination was very much lower comparing
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Table 85 o

‘Germination record of the seeds of Picea Glefinii and Picea jesoensis.

Duration of experiment: Nov. 21-Dec. 8..1939.
i v

A\ . |
) . Number of germinated seed after (cel:)i;_ge
" Seed | Temp. No. _ _ [ of
EN T T = EI = (R .E | germi-
o w~ | o e ol © i,-'c 2 ] Ilmtion
T 4 4 15 16 1 12 6 3 5 76' 76
26°C 2 3 8 30 16 13 9 3] o 4 86 78
- 3 3 8| 15 71 14} 13 51.3 3173 74
R Ave. 3 7 20 13 13 12 5 2 4 79 77
N
> |
L. X o o 2 3 5 3 9 4 10 3 36
™~ oC | 2 o o o o I L 7 4 12 | 23 \ 23
> 3 o ) 2 o 2 6 2 T ‘5 18 18
Ave. o o 1 1 3 3 6 3 9 ] 26 26
|
‘ | i
I 2 9 19 17 9 5 2 o| .3 661 66
o 2 3 11 20 14 10 2 o 3 2. 65 1 73
20°C : | 3
° ‘13 31 19 22| 13 9 6 3 1 LN AR &
g Ave. 3| 13| 20 15 9 4 2 H 2 } 69 | 72
g :
|
Y :
& 1 o o 1 ol 7 8 Ix 8 8| 43 43
20°C | 2 o 1 2 I 6 | 11 8 8 5 1 42 2
2 3 o o 3 o 4 9 9 4 81 371 3
Ave. o) o 2 [} 6 9 9 7 7 ar |oar
]
!
Table 86
Germination record of the seeds of Picea jezoensis.
Duration of experiment: Dec. 6-Dec. 27. 1930.
Number of gerkninated seed after cel;iz;ge
Temp. " No. . of
8 10 11 12 1 14 |15-18 ermi-
dZyS » )9y »” »” ” :53 . ’:‘ 15”1 Total %ation .
I 8 1 3 1 I o 1 1 3 19 19
20°C 2 -8 2 4 3 5 4 o o 2 28 28
3 9 7 3 2 1 2 o o o 24 24
Ave. 8. 3 3 2 2 2 o o 1 24 24
I 3 I [o] 2 o) I 2 o] 4 13 13 .
20°C 2 I I [ I I 1 o I 2 8 8
2 3 1 I 1 o o o I I 2 7 7
Ave. 2 1 o |, 1 o 1 s I 2 9 9
1
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‘with that of the seeds collected in the autumn of 1938. But the results
(Table .86) obtained in the experiment, in which these poor seeds were
_used, also resembles the results shown in Table 85. That s, the relations
between the temperature and the germination of Frrea seeds showed exactly
the same tendency -in each case, though the years of gathering differed,
regardless of the quality "of seed. l

" From the results shown in Tables 39, 40, and 85, it may be said that
the germination of Picea seeds was not good at higher temperature such
as 30°C and then, in this case the amount of water plays an ‘important
role.  Why does the slightly higher temperature exert a harmful effect
" upon the germination Picea seeds? As factors of such a harmful influence,
the writer considered the change of the permeability of seed coat and the
exosmosis of some sybstances. In order to clarify such a point the following
experiment was performed.

Experiment 46

Two hundred seeds of P. Glelnii or P. jezoensis were put in a glass
vessel of 50cc capacity with zocc of distilled water. After these vessels
were kept in the thermostat of various temperatures for a definite number
of hours, the total water was brought to a definite amount by an addition
of com.plementary volume. Then the degree of the unclearness of whitely
changed solutions was determined using DusosqQ’s colorimeter.  Results
are shown in Table 87.

Table 87 shows that the degree of the unclearness of water, in which
seeds were submerged, was greater in higher temperature than in the lower
one, and that the unclearness of the solutions increased in accordance with
the increasing of temperature. That is to say, the greater unclearness of
solution in higher temperatures mdy show the greater exosmosis of sub-
stances from seeds, and in turn this greater exosmosis depends greatly on
the higher permeability of seed coat. Then it may be said that the
permeability of seed coat or seed itself became greater in higher temperature
than in lower. But in this case, it is a question whether the greater
exosmosis is due to the higher normal permeability of seed coat or to the
seed itself. In general, many authors” have reported that the permeability
of plant cells to several substances, for example KNO,, saccharose or

1) EcgERSON (1913), STILES and JPRGENSEN (Ig9I5), Sl'JLh:s‘(Igz;;), SEN (1928), MILLER (1§31),

KOSTYTSCHEW (1931).

AY
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Table 87
The ratio of clearness to water
‘Temperature Storage No.
P. Glehnii P. jezoensis
1 2.83 1.98
Laboratory 2 2,41 1.95
2.14 1.95
10°C
} v
1 2.60 2.52
, Constantly low
temperature laboratory 2 233 233
3 2.10 L95
I 4.59 410
Laboratory 2 4.00 4.73
3 4.00 3.63
20°C -
: I : 6.01 8.68
Constantly low
temperature Iaboratory 2 411 434
3 325 341
1 8.22 1040
Laboratory 2, 9.18 6.50
’ 3 822 . 8.68
30°C
Constantly 1 ! 650 ¢ ' 744
onstantly low
temperature laboratory 2 6.79 459
3 6.50 4.89
I 8,22 7.44
Laboratory 2 12.01 : © 7.44
3 8.22 12,01
40°C :
: H 14.85 - 8.22
Constantly low
. temperature laboratoxy 2 ILI5 978
3 7.8 12.01

glucose, increases gradually from a low temperature to a high temperature. -
Therefore it may be considered that the seed in a high temperature changes
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its permeability and exosmosis some substances from the seed itself and,
on the other hand, these substances are available for micro-organisms as
a nutrient source, and that these three factors may extremely retard the
germination.

VI Absorption of non-electrolytes by the seed-

It has been stated above that the non-electrolytes, such as saccharose,

glycerine, urea and alcohol, have intimate relations to the absorption of
“water by seeds and also to their swelling and-germination, and that the
non-electrolytes are very different in these respects from the salts or ions
thereto. In order for the non-electrolyte to exert influence on germination
of seeds, it must, firstly, enter-or act upon the seeds. In other words the
influence of non-elecfrolytes on germination of seeds depends upon the
permeability, or absorption of substances by the seeds. Studies on the
permeability or absorption of non-electrolytes by plant cells or roots of
" higher plants have already been reported by many authors.® But the
experimental reports which dealt with the problems of the absorption of
non electrolytes and germination of seeds are not very satisfactory, except
the following: studies on the influence of saccharose on the respiration of
wheat and pea seeds by WoizecHowsky (1903), BrowN's work (1909) on
the permeability of the seeds of Hordeum vulgare, and PrINGSHEIM'Ss (1930)
ascertainment of the influence’ of saccharose on absorption of water by
agricultural seeds. -
» The writer carried out the following experiments to sfudy more fully
the problems concerning the influences of non-electrolytes upon the germi-
nation of seeds and, on the other hand, the absorption of non-electrolytes
by Ficea seeds. Experiments were carried out as follows; 200 individual
P, Glehnii seeds were selected, and placed in glass vessels of 50 cc capacity
with 'solutions of various concentrations; then they were kept in the thermo-
stat of definite degree of temperature, the solution filtered using No. 1
Tovo filter paper, and the filtrate diluted to a definite volume using measuring
flask. Then the amount of solute in filtrate was estimated by respective
methods.

Estimation of saccharose.—For the estimation of saccharose, the micro-

1) KrEBs (1887), DE Vrigs (1888, 1889), FITTING (1917), HOFLER and STIEGLER (1921), HEFLER
and WEBER (1926), BARLUND (1929), YAMAGUCHI (1930), HOFLER (1932, 1934, 1937), Tor-

VONEN (1934), BoGEN (1937, 1938), RuHLAND, ULLricH and ENpo (1938), KrEUZ (1914)
and others. '
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BerTRAND method (KLEIN 1932) modified in soxrje points was used combined
with inversion with an aid of HCl.  To the sugar solution add 4 cc of
HCl of 23 %, and heat for exactly_five minutes, at 67-70°C. This lxquld
should be cooled at once, and after bemg neutralized with NaOH using
phenolphthalein as indicator, it was diluted to a definite volume using
measuring flask. (BALD, 1930). Then, pyt 3 cc of inverted sugar solution
into one of the glass centrifuge tubes and add 3cc of copper sulphate
solution and 3cc of alkaline tartrate solution.. After this mixed solution
was stmed sufﬁc1ently with glass rod, it was heated in a boiling water
Fig. 26,
. s, .- caoutchouc,tube

- to stout conical flask and to vacuum-pump

___________ —— ——- glass tube with upward turned end

[N SR e solution

i -~ v mmemmm—e—— glass centrifuge tube

i . _._ precipitate

bath for 6 minutes exactly, then cooled at once with running water..  Next,
the glass centrifuge tubes are adjusted to equal weight by adding suitable
quantities of water, then centrifuged at ak,.‘speed of about 2,500 revolitions
per minute for 4 minutes. The precipitate should be *separated from the
supernant liquid and be sufficiently settled to the bottom for an easy de-
-cantation. The superntant liquid was drawn off using glass tube and
vacuum-pump without disturbing the precipitates (Fig. 26). To the
precipitation add about 10 cm of heated water and centrifuge again. After
this process had been performed 2 times, it was dissolved by 3 cc of acid
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ferric sulphate solution. ~ Then this was titrated in glass centrifuge tubes
directly using ca N/6o KMnO,,: solution (this was prepared s that 1ccof
the solution was equivalent to 1 mg ‘of copper) ‘

This method described above seems to be preferabie for the estnmatnon
, of saccharose. " In the case when the amount df saccharose corresponds to
0.5+0.10 mg of glucose, the writer has already studied the present methed
of the estimation of invert sugar comparing with HAGFDORL*JENSEN $ method
micro-BERTRAND method, LEHMANN-MAQUENNE-SCHOORL and BERTRAND'S ~
method and prove its suitableness (not yet published). In the present’
case, however, the amount of saccharose in the solution is less-than 0.1
mg, still this method was proved to be applicable by obtaining experimental
value by analyzing saccharose solution of known concentration.. HAGEDORN-

- JeNsEN’s method is the most suitable for estimation of a very; small quantity
~of saccharose, but it is complicated and difficult in practice. '

Amount of reducing sugar which correspond to the amount of copper
‘between 0.55-17.80 mg were obtained from the Table (KLEIN 1932, p. 796),
and amount of qopper less than 0.55 mg is to be seen in Table 88 which
was obtained from the writer’s results.

Table 88

Showing amount of capper precipitated by'j
different amounts of reducing sugars.

Glucose in milligram Copper in milligrém
0.001 0.17
0.003 s ‘ ' _‘ .o.:9.
0.006 0.22
. 0.008 023
ooto 0.24
0,020 . 0.30
0.040 0.38 ,
0.060 0.44
0.080 3 0.50
0.100 0.55 "
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Estimation of glycerine.—For the estimation of glycerine the bichromate
method (MEYER 1933) was used. To 20cc qf glycerine solution of dilute
concentration 25 cc of bichromate solution (74.564 g potassium bichromate
and 150cc of sulphuric acid in 1000 cc water) and socc of sulphuric acid
(S. G. 1. 2307) was added and after the mixture was heated on the boiling
water-bath for 2 hburs, it was diluted to 200 cc using measuring flask, and
titrated with N/100 thiosulphate potassium iodide and starch solution. (I cc
bichromate=0.01 g glycerine).  The results were calculated as shown in
Table 89.

r

Table 89

- Showing amount of glycérine as calculated by different
amount . of sodium thiosulphate.

N/100 :
Nd,$,0,| © 1 2 3 4 5 6 7 8 9
in ccm.
. %
mg . .
o o 0065 | 0.130 7| 0.195 | 0.260 | 0.325 | 0.390 | 0.455 | 0.520 | 0.585

1 | 0650 | 0715 | 0780 | 0.845 | 0.910 | 0975 | 1.040 | L.105 | L.170 | 1.235

N

1.300 | 1.365 | 1.430 | 1495 | L560 '1.625 1600 | 1755 | 1.820 | 1.885

3 1950 | 2015 | 2.080 | 2.145 , 2210 | 2275 ' 2.340 | 2.403% '2.470 2.535 .
4 2,600 | 2.665 | 2730 | 2.795 | 2.860 | 2925 | 2.990 | 3.055 | 3.120 | 3.185
5 3.250 | 3.315 | 3.380 1 3.445 | 3.510 | 3575 | 3.640 | 3.705 | 3.770 | 3.833
6 3900 | 3.965 | 4.030 | 4.095 | 4.160 | 4.225 | 4.290 | 4.355 | 4.420 | 4.485
7 4550 | 4615 | 4680 | 4745 | 4810 | 4875 | 4940 5.005 | 5070 | 5.135

8 5.200 | §.265 | 5330 | 5.395 | 5.460 (45525 | 5590 | 5.655 | 3.720 | 5.785
9 5.850 | 5.9I5 | 5.980 | 6.045 | 6.110 | 6,175 | 6.240 | 6.305 | 6.370 | 6.435

10 6.500 | 6.565 | 6.630 | 6.695 | 6.760 | 6.825 | 6.890 | 6.955 | 7.020 7.‘085

Estimation of urea.~—For the estimation of urea, the micro-Kjeldahl
method for ammonia was ‘used, combined with hydrolysis with the aid-of
urease. Free ammonia which is produced in consequence of decomposition
of urea by the action of urease was distilled and collected by hydrochloric
acid (N/100), the excess of the hydrochloric acid was titrated- with sodium
hydroxide (N/100), using sodium alizarin sulphonic acid as indicator. For
the amount of ammonia that of urea was calculated.
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Urease extract was prepared from soy bean. ' In the urease extract
thus prepared”a small quantity of free ammonia was contained. Therefore,
the amount of free ammonia in the urease extract was estimated, whenever
it was used, and subtracted from the amount of total’ ammonia in this
mixture.  The free ammonia produced by decomposition of .urea was
determined in this manner, viz., 45 cc of urease extract, 0.5-1.0 of phos-
phate buffer solution and five drops of a phenol red solution. were mixed
with a measured amount of sample and this mixture was placed in a

" thermostat of 30°C for 60-120 minutes. The pH-value of this mixed
_solution was nearly 7.3, which is approximately the optimum pH for the
urease action (VAN SLYKE, 1914).  After perfect decomposition of urea,
_this mixed solution* was diluted properly and a certain amounf was taken

and distilled using the micro-Kjeldahl apparatus. '

« 1 Saccharose
Experiment 47

After Picea seeds were kept in the saccharose solution of various
concentrations for definite hours in the thermostat of 20°C, absorption of
saccharose was estimated by analysing the solution by the above described
method. Results are shown in Table go.

Table go

Absorption of saccharose by the seeds of Picea Glehnii
in various concentrations of saccharose:
Figures in Tab]eg are average of 3 series. ,
Duration of experiment : I:’Iaf. 10—-12, 1041. Temperature; 20°C.

Councentration ' Weight of seed Absorption of saccharose
of . : {mg)
saccharose 200 seed . 4
1 . s [ see _
(mol) (rm) . (mg) Per 200 seeds ‘ Per 1 seed
06 0.62 3.1 29.24 0.14
0.3 . 0.63 ) 31 '25.31 0.13
0.2 0,61 3.0 . 17.3% ' 0.09
"ol . 0.62 31 ) . 1362 0.07
0.05 . 061 3.1 8.39 0.04
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The data of Table go show that the absorption of saccharose in the
higher concentration by seeds was superior to that in the lower concent-
ration. That is to say, the higher the concentration of saccharose, the
larger the absorption of saccharose was. In the 0.1 mol or 0.05 mol
saccharose solution, the absorptlon of %accharosc _per seed was nearly 0.04
or 0.07mg. This amount is very small to compare with the results shown
in Table 7 and 8 (Experiment 5). From,this result it may be said that
the increased weight of seed, which was laid on the filter paper saturated
with saccharose solution of various concentrations, depends utterly on the
absorption -of water, but not of saccharose.

Experiment 438

In order to ascertain the relation between the absorption of saccharose
by seeds and the temperature and to- consider the influence of temperature
upon the absorption or gelmmatlon of the seed: the present experiment
was carried out. The concentration of saccharose solutxon was 0.1 mol.
Results are shown in Table gi.

Table 91

Absorption of saccharose by the seeds of Picea Glehnii
at various temperatures.
Duration of experiment: Jan., 11-Jan. 14. 0941.

" Weight of seed ’ Absorption of saccharose (rﬂg)
“Temp. No. - e .

200 seeds Ave:ag?‘(i‘m é Per 200 seeds ‘ Per 1 seed

1 0.505 3.0 . 3.064 - 0.015

. 2 0.602 . 3.0 2.797 v 0,014

‘ 10°C 3 0.585 2.9 1.732 0,009

Ave, 0.594 ' 3.0 2531 0.013

0.594 ‘ 3.0 19.647 0,098

cc 9.629 33 19.647 0,098

20 0.612 3.1 17.050 . 0.085

Ave, 0612 3.1 18.781 00.94
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Table ot (Continued)

) Weight of seed Absor;‘)tion of saccharose (mg)
Temp, No. ‘ :
. 1 seed : : cond
200 seeds Average (mg) Per 200 seeds | Per 1 seed
I 0614 3.1 16.916 - 0.08s
_ 0.572 2.9 . 15.185 0.076
30°C ) ‘
. 0.568 2.8 15052 0.075
) Ave. 0.585 2.9 15.718 0079
R g - - 7
1 0.618 3.1 12.055 o.060
: 2 | 0.594 3.0 12.388 . 0.062
40°C g 2
3. 0,552 3.0 10.589 0.053
Ave. 0.588 3.0 © 11,677 0.058

The data in Table o1 show that the order of absorption of saccharose
in relation to temperature was as follows: at 20°C>30°C>40°C>10°C.
That is, the absorption of saccharose was largest at 20°C and least at 16°C.
It is a noticeable fact that the absorption- at 40°C was smaller than that-
at 30°C.  Therefore, in this case, the permeability of seed coat and the
.exosmosis of seed materials may vary more conspicuously at the higher
_temperature than at the lower temperature. From these facts and the
results shown in Tables 39, 41, 85 and 86 (Exp. 45), it may be considered
that the retardation of the germination of Picea seeds at a higher tempera-
ture is due to the abnormal permeability of the external seed coat and the
exosmosis of resorbed materials from the seeds.

2 Glycerine

‘ Experiment 49
“The concentration of glycerine in the present experiment was 0.1 mol. .
Results as shown i'nLTable 92 indicate that the absorption of glycerine
by P. Gleknii seeds in the lower concentration was inferior to that in the
higher concentration. The less the concentration of glycerine, the smaller
was the absorption of glycerine.  Such a tendency of absorption in the.
case of glycerine was exactly ‘the same as that in saccharose solution.
Next, experiment 50 was performed in order to study the influence of
temperature on the absorption of glycerine.
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) ' Table g2

Absorption of glycerine by the seeds of Picea Glelnii

.

in various- concentration of glycerine.

Duration of experiment: Feb. 20-22. 1941.

Concentration © Weight of seed, Absorption of glycerine (mg)
of [
glycerine .
200 seeds I seed
i {mol) (grm) (mgy Per 200 seeds Per 1 seed
Lo 0.588 0.0029 146.11 ‘ 0.73
0.7 0.612 0.0030 69.33 0.34
. 0.5 o608 J 0.0030 35.66 0.19
0.3 0.598 [ 0.0029 52.00 0.24
0.1 0,622 0.0031 5.33 0.04

Experiment 50

The concentration of glycerine solution in the present expenment was
0.1 mol. Results are shown in Table 93.

The experimental- results (Table. 93) show that the absorptlon of
glycerine at 20°C was always superior to that at any other temperature,
and that it was less at 10°C than. at 40°C and 30°C. The tendency in
.absorption of glycerine in this experiment resembled that of saccharose at
various temperatureé. In this case, also, the relation between absorption
of glycerine and temperature may éuggest a connection of the permeability
of glycerine to the seed itself. In other words, the permeabilit)'r or ab-
> sorption capacity of seed varies with the chang’ing of temperature. It is -
also shown that glycerine is more easily absorbable by seed than saccharose.
From this fact it may be said that the temperature nelghbourmg 20°C is
most suitable for the performance of the normal physxolocr:cal functxon of

e

Picea seeds.
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Table 03

r

113

Absorption of glycerine by the seeds of Picea Glehnii
at various temperatures.

Duration of experiment: Feb. 5-Feb. 8. 1941.

. Weight of seed Absorption of glycerine (mg)
Temp. No. » ‘
A 200 seeds 1 seed
(grm) - Average (mg) Per 200 seeds Per ‘1 seed
1 0.6120 0.0030 26 0.13
2 0.6270 0.0031 38 0.19
10°C
3 0.6310 0.0031 32 0.16
Aver 0.6230 0.0031 32 0.16
1y
1 0.5920 0.0029 38 0.19
2 0.6120 0.0030 38 0.19
20°C”’ .
3 0.6110 0.0030 34 0.17
Aver. 0.6050 0.0030 36 0.18
1 0.5570 0.0027 60 0.30
2 0.6020 V 0.0030 56 0.28
30°C ,
3 0.5820 0.0029 56 0.28
Aver. 0.5800 0.0028 57 0.29
. 1 0.5420 0.0027 50 0.25
2 0.5870 0.0049 52 0.26
40°C N
3 0.5700 0.0028 43 0.24
Aver. 0.5660 0.0034 50 0.2§
, .
3 Urea

As already mentioned, the influence of urea upon germination was

very significant,

Therefore, in order to find out the cause of the reduction

in germination and relations between temperature and absorption of urea
by seed the following experiments, Numbers 51 and 52, were carried out.



114

‘The results shown in these tables are the average of triplicate experiments.

Results are shown in Tables 9.4 and 9s.

. Absorption of urea by the seeds of 2. Gleknii

SENNOSUKE YAMAGUCHI

Experiment 51

Table o4

in various concentrations of urea. .

Duration of experiment: Jan: 25-29. 1940.

Concentration Weight of seed Absorption of urea
of urea :
1

(mq ) 2oo(gs§eds I(;?)d Per 200 seeds | Per 1 seed ‘
0.01 0.582 2.9 0.6 0.003 v
0,05 0.574 2.9 4.0 0.020
o.10 0.610 3.0 5.2 0.026
0.30 0.602 3.0 16.0 0.799

_ ‘os0 0.599 3.0 82.5 0.413

Table 93 ‘

Absorption of urea by the seeds of Picea jezoensis
~in various concentrations of urea.

Duration of experiment: Jan, 25-29. 1940.

Concentration
of urea

{mol)

0.30

" 0.50

_Weight of seed Absorption of urea
200 seeds " 1 seed : ~
. 1
(2) (mg) Per 200 seeds Per 1 seed
0.590 238 1.9 0.00%
0.535 2.6 0.8 0.004
- 0.59% 2.9 1.3 0.006
0.608 3.0 7.7 0.038 - -
0.588 2.9 " 90 0.045
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The data (Table 94) show that the amount of wea zbscrition from
its solution of various concentration by the seeds varied with differences
of the concentration. A significantly greater absorption of urea was detected
from the solution of higher concentration than from lower concentration.
Such a tendency was the same in the seeds of both P. Gleknii and P.
Jezoensis.  The relation between the absorption of urea by seed and the
concentration of its solution agrees completely with the present writer’s
results obtained by 'using root system of Zea Mays or storage tissue of
Brassica sp. (YaMAGUCHL 1929).  The absorption of urea per seed from
urea solution of 0.3 or 0.5 mol concentration was significantly great in
comparison with that of glycerine or saccharose. The greater absorption
of urea may be responsible for the smaller percentage of germination of 2.
Glehnit and P. jezoensis seeds. )

/
7

Experiment 52

This experiment was carried out to ascertain the influence of tempera-
ture on the absorption of urea by the seeds. Results are shown in Table g6.

Tablé 96

Absorption of urea by the seeds of P. Glelnii
at various temperatures. ‘
Duration of experiment: Feb. 10-Feb. 14. 1941..°

Weight of seed . Absorpiion of urea (mg)
Temp. No. '
200 seeds I seed ) -
. (grm) Average (mg) Per 200 seeds Per 1 seed
1 0.562 2.8 0.24 ) 0.001
2 0.584 2.9 ! 0.30 0.002
10°C
3 0.618 3.1 048 0.002
Aver. | . 0.588 ‘ 2.9 0.34 0.002
1 0.579 2.9 2.07 0.010
2 0.609 3.0 2.07 0.010
20°C
3 0.584 : 29 ) -2.37 0.012
Aver. 0.591 2.9 : 217 0.011
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Table 96 ( Conth‘zut{l)

Weight of seed Absorption of urea (mg)
Temp. No. -
© 200 seeds 1 seed
(grm) Average (mg) Per 200 seeds Per 1 seed
1 0.570 2.9 ' 2.52 0.013
2 0.562 28 2.97 0.015
SOCC . N
. 3 0.613 3.1 2.82 0.014
i Aver. 0.582 2.9 2.77 0.014
1 0.604 - 3.0 0.93 0.005
2 0.599 3.0 1.08 0.005%
40 C
3 0.617 31 1.08 0.00%
Aver. 0.607 . 3.0 1.03 0.005

The order of urea absorption by Z. Gle/mii seed was as follows :
30°C>20°C>40°C>10°C.  This order differs from that of saccharose
absorption as shown in Table 8g. But the absorption of urea or saccharose
from corresponding solution was the least at 10°C. From the results
- shown in Tables g1, g3 and g6 it will be clearly seen that the absorption
of urea, glycerine or saccharose by seed grains was smallest at low tem-
perature, middling at a slightly higher temperature, and largest at moderate
temperature such as about 20°C.

VI Suction force of seed during germination

The dormant seeds begin to absorb water and swell in the first step
of gerniination, and then they germinate. In these processes the manner
of absorption of water by seed-grain may be accepied to be analogots
to the general cases of absorption of water by plant cells and tissues.
Therefore, absorption of water by living cells may be touched upon briefly
here in order fundamentally to understand the same by ‘seeds.

The absorption of water by plant cells or tissues depends on their
physico-chemical properties, namely, semi-permeability.of protoplasmic mem-
brane, composition of cell sap, and permeability. and elasticity of cell wall.
Cell sap is separated from the surrounding solution by two membranes,
viz.,, cell membrane and protoplasmic membrane. They differ in their
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properties.  Current theories regard that the protoplasmic membrane is
semi-permeable, while the cell wall is pérmeable. = As the cell wall pos-

sesses considerable toughness and elasticity, its resistance to internal pressure

becomes greater when it is distended more, and when the counterbalance
between them is reached the absorptlon of water and swelling of the cell
ceases. S ©

When the cell sap imbibes ‘water, it increases in volume and ekpands‘

the protoplast, which exerts pressure upon the cell wall.” A countex‘%pressure C

on the cell content is produced by the cell, owing to' its elasticity, acting
in the direction opposite” to that of the osmotics pressure. As the cell
swells by absorbing water, the pressure of the cell wall on the cell contents
increases.

If the esmotic pressure of the cell sap is denoted by P, and the
pressure of the cell wall on its contents (wall pressure) by T the condition
of complete saturation is represented by P=T. i

In this condition water neither. enter nor escape from the cell, no
matter how high the’ osmotic” pressure inside the cell, this pressure being
~ balanced by the counter-pressure of the dxstended cell wall The cell in
such condition is quite turgid.

In turgid condition, the “turgor pressure” of the cell is equal to the'
counter-pressure of the distended cell wall and protoplasmic membrane."
In case the osmotic pressure of the cell sap is greater than the pressure
of the elastic cell wall, if such an unsaturated cell is immersed in water
or in dilute solution, this cell can absorb water, and a certain increase in
the dimensions of - the: cell will occur. In such case, denote the water-
absorbing force of the cell by S, then the following equatxon will be ob-
tained ;

P=T+S or S=P-T.

The value of S has been called “suction force” (Saugkraft) by UrsprunG
and Brum (1916). But Maximov (1925, p. 38-39) stated that “this term
is not quite correct, as we are dealing not with a force, but with a pressure
which can be expressed in atmospheres like osmotic pressure and turgor
_ pressure, the difference between which it represents.  We may therefore
use the term “suction pressure” as suggested by STILEs (1924).”

KostyrscHEw and WENT (1931) said that the term ‘‘suction force”
(Saugkraft) is not clear physically and is not correct, but.as the term
“suction force” has been commonly accepted in the ﬁeld of plant physiology,
they: did not .desire to adopt another term.

As mentioned above, though the term *‘suction force” is questioned:
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by many authors, in the present paper the writer has used it. In the field
of germination physiology the investigations on suction force of seed and
especially in relation to the same problem in general plant cells or tissues
have been rather rare. Concerning the “‘suction force” of seeds BUCHINGER,
ScurATZ and others have disagreed in their opinions, while in Japan several -
authors have followed BuCHINGER’s interpretation, in spite of its being quite
insufficient to the present author’s belief.  BuchixgEr (1927) determined
the suction force of seed in accordance with the percentage of germination
of seed.  He regarded the mol concentration of the saccharose solution,
in- which the percentage of germination of seed is nearly a half of that in
pure water as the suction force. )

Some authors follow BUCHINGER exactly in determining the suction
force of seed, but ScurATz (1932) said that BUCHINGER’s measure is incorrect
for obtaining the true or actual suction force of seed. In the present writer’s
opinion, this problem must be more strictly investigated on the ground of
experimental results, because the BUCHINGER’s method is too artificial to
determine the water absorbing capacity of living seeds in reality.

The writer carried out the following experiments in order to study the
suction force of dormant seeds or germinated seeds and to verify the
relations between the suction force of plant cell and that of seed. © Con-
" sideration was given to the present ewpenmental results in comparison with
suctxon foree.

Experiment. 53

The indirect method by plasmolysis, the equilibrium method and the
direct weighing method were used for the determination of suction force
of the cell.  The weighing method, ‘which depends on the change in
~weight of material, has been used for investigations in zoological physiology
(HOBER, 1926, p. 422). In plant physiological mvestlganons STiLES and
JPRGENSEN (1919) employed the weighing method in determining the suction
force of cut ‘blocks of potato tubers.

In the present experiment the direct wexghmg method was adopted
for determining the suction force of the seeds. The weight of germinated
seeds, which were immersed in solutions of different concentrations are
measured in order to see whether their weights have decreased or increased.
At first, after the materials were weighed by torsion balance they were
put into a glass vessel containing saccharose solution of definite concent-
ration. These vessels' were kept in’ the thermostat of 20°C for a certain
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number of hours, then the materials were taken out, and washed quickly
with distilled water using a washing flask. The treated materials were
laid on a sheet of filter paper and rolled once or twice to remove excess
~ water and then were weighed again.  All such processes were necessity
. quickly performed in order to avoid any experimental errors. - The concent-
ration of the solution, in which no change or the least change of weight
~ was observed, was regarded as the value corresponding to the average
suction force of the seed grains. ' .

As experiméntal materials germinated seeds of 2. Glehnii and P. Jeso-
.ensis were used, and the suction force was determined of germinated seeds
or seedlings at various germinating stages by the above described method.
The results of this experiment are tabulated in the following tables.

The results in” Tables 97—103 show the suction force of dormant seeds
or+various parts of germinated seeds. Table 103 was drafted by summa-
rizing the data shown in Tables g7-102.  From Table 103 it ‘'may be
seen that the suction force of the dormant seed itself is enormously great,
that is to say its value reaches at least 225 atm. p. presented by saturated
sucrose solution at 20°C., and then the suction force of seed decreased
with the advancing stage of germination. In other words the suction force
of the dormant seeds commenced to drop with the beginning of germination.
The suction force of slightly swollen seeds was 2.25 mol and that of
slightly germinated seeds 1.30 or 1.15 mol; furthere, that of more germinated
seeds decreased step by step with the advance of the germination stage
and finally reached only 1.2mol.  Therefore, it is needful to distinguish -
precisely every stage of the germination process of seed when determining
the suction force of dormant or germinated seeds. In general, the germi-
nation of a-seed is considered to have occurred when the emerged radicle
has reached a length of about 3 mm and began to curve downward.
Then according to the writer’s observation, the suction force of germinated
seed of Picea Glelmii in the above described stage was found to be 1. 25
mol of saccharose solution.

In the experiment, in which the plumula of oermmated seedlmcr was
used and the results were shown in Table 100, it was found that the turgid
plumulae softened obviously in saccharose solution ‘of higher concentration
than 1.1mol, and the softening becamé more quick and severe in higher
concentrations. In the solution of lower concentration such softening was
not recognized. The softening of tissue in the present case may depend
on the exosmosis of water from the cells owing to the higher concentration
of the surrounding saccharose solution.
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Table 97

Change of weight of dormant seeds, 'submerged 2 days in water,

then kept 5 hours in saccharoese solution at 20°C. *

Concentration of saccharose (mol) © 2,63 2.5 2.4 2.0 1.7
P. Glehnit +0.2 +0.2 +04 | 402 +0.6
Increased or decreased
weight of seed.(mg) :
i L. jezoensis +o.d +0.z +0.3 ' { 405 +0.6
Table 98
Change of weight of slightly swelling seed, laid in thermostat
of 20°C for 5 days supplied with moderate amount of water,
then kept 5 hours in saccharose solution at 20°C. .
Concentration of saccharose (mol) 2.63 2.5 2.4 1.7 L5
P. Glehnii o +0.2 +0.3 | +o0.2 +0.5
Increased or decreased - . .
weight of seed (mg). - .
. ' P. jezoensis o +0.2. | +40.3 +0.5 +0.5
Table . gg
Change of slightly germinated seed, laid in thermostat of. -
20°C for 6 days supplied with moderate amount of water,
then kept 5 hours in saccharose solution at 20°C.
Concentration of saccharose (mol) Ls, 1.4 © L3 1z | LI 1.0
P. Glehnii o o +o.1 +0.2 +0.2 +0.2
Increased or decreased
weight of seed (mg) .
P. jezoensis o o o) +o.1 +0.2 +0.2
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Change of germinated seed, laid in thermostat of 20°C for

Table

100

.

6 days supplied with moderate amount of water, then
kept 5 hours in saccharose solution at 20°C.
The length of the radicle was about 3 mm.

Concentration of saccharose (mol)- 2.0 1.5 1.3 L2 LI 1.0 0.9‘
P. Glehnii o o |[+40.d |+01 |+0.2 |+0.2 | 402
Increased or decreased
weight of seed (mg)
. P. jezoensts o .0 o {401 i4o0xl+o2i4o02
Table 101
Change of weight of seedling, which germinated in
the thermostat of 20°C, then was kept 5 hours
in saccharose solution at 20°C.
The length of the radicle was about 1.5-1.8 mm. -
Concentration of
saccharose (mol) 20 18 1.6 14 Lz LL 10 o0g o8 o7 o6 o5H,0
I"C:)efsed P. Glehnii |=1.1/=0.7]=0.3 —0.1{—0,1 —0.6{+ 0.6+ 0.6/ + 0.4+ 0.3 +o.3]+0.5 +0.8
decreased !
weight of ) . ’ .
seed (mg) P. jezoensis -.‘x.x —0.2, :tol—o.x —0,7|—0.2/+0.34+0.1{+ 0.1+ 0.5/ -+0.2{ +0.5{+0.5
Table 102
Change of stem in seedling, which germinated in
the thermostat of 20°C, then was kept 5 hours
in saccharose solution at 20°C.
The length of the plumule was about 2.0-2.3 cm.
Concentration of ! ' '
saccharose (mol) | 2.0) (.8 1.6 1.4 1.2] I1I 1.o| 09 08 o7 06 o5 H,Q
b
I“C‘:fsed P. Gletnii |—2.8/—~20|~1.0— 1.5 —1.4] +0|+0.3|-+0.140.2/+0.2]4+0.2/40.3+0.3
decreased - i
weight of P. ieooensi 6 3
seed (mg) . jezoensts | —1.1|—=1.2/—1.0)— I.2{—0. 40/ 4 0.8|4-0.2|4-0.2 +0.3/4-0.2{+0.2|+0.4
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Table 103

Summarized results of Experiment s50.

‘ - Suction force in M;)] (cane sugar)
Germinating stage.of seed — —

’ ’ A P. Gl?/z;zii . P. jezoensis
Dormant seed ‘ - 2.7< 27<
Swelling seed 2;55. ! ' 2.50
Cracked seed . 1.80 1.€0 ’
Slightly germinated seed o 1.30 1.15
Germinated seed . ‘ 1.25 ‘ 1.10
Radicle of gérmin;lted seéd 1.05 1.05
Plumule of germinated seed . » Lo o 1.10

The phenomenon of water absorption by dormant or germinated seeds
submerged in saccharose solutions of various concentrations is comparable
with that of plant cells, because a swelling seed may be regarded as an
osmometer. SHULL (1916) determined the water rctaining capacity of soil
by using Xanthium seeds regarding the seed ‘as a living osmometer, be-
cause the seed of Xanthium pennsylvanicum possesses a semi-permeable
coat, swells quickly and becomes isotonic with the surrounding solution.

Then, it may be said that the determination of suction force by direct‘
weighing method applied by the writer is teasonable in order to ascertain
the suction force of dormant or germinated seeds. But, as already men-
tioned, BucHINGER (1927) proposed another method for this purpose. If
the suction force of the seeds of 2. GleAnii and P. jezoensis were calculated
according to BUCHINGER's system based upon the writer’s experimental
results shown in Tables 59-62, it should be only 0.25 mol and 0.18 mol.
These values were nearly in agreement with those given by Tazoe (1937),
who reported that the suction forces of the seeds of F. Gle/onit and F.
Jezoensis were 0.265 mol and 0.175 mol according to BUCHINGER's system.
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The suétion force of these Piea seeds obtained by BUCHINGER’s system
was much lower in comparisen with that of the writer’s results determined
by the direct weighing method as shown in Table 103. The term “suction
force” should be used in the same meaning either in the case of ordinary
plant cells or tissues or in the case of seeds. The writer determined the
“suction force of Picea seeds by direct weighing method from the standpoint
of plant physiology, but when it was calculated by BUCHINGER’s method
" based upon the same data, the values were quite different.  There is a
question regarding not only the method but also regarding BUCHINGER’S
idea of “suction force”. In this connection several authors have already
expressed their disagreement in opinion with BucHiNGER.  BERKNER and
Scurimm (1929) and MEYER (1929) said that BucHINGER ought to use
“Keimenergiebestimmungen in Rohrzucker oder Keimpriifungen” instead:
of the term “‘Saugkraftbestimmungen’”. SchraTz (1932) also pointed out
the unreasonableness of regarding the value of “suction force” of seed
determined by BUCHINGER’s system as a true suction force. ‘

-BucHINGER (1933), however, made a protest stating that he never used
the term “suction force’ of seed in the same sense as “suction force” of
plant cell.  If this is so, it seems better to use some other term than
- “suction force” (“Saugkraft”) in order to avoid misunderstanding’

VIII The change of sugar in germinated seed

During seed germination the mobilization occurs of storage substances
such as carbohydrate, protein, oil and fat. Among others, the change of
carbohydrate is one of the most important, because carbohydrate is used
for energy metabolism of seedling. Investigations of these problems have
been niade‘,.by some authors” from the view point of agricultural science

using agricultural seeds. But, in the field of forestry science few studies -

in this connection have been published up to the present time. The writer
carried out the following experiment to. learn about the change of sugar
in Picea seeds during their germination process,

Experiment 54 -

Method .of experiment: Reducing sugar and total sugar in a definite

L

1) CzAPEK (1920), KOSTYTSCHEW (1926), LEHMANN und AICHELE (1931), MILLER (1931), and

MALHOTRA (1933).
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number of seed grains in various stages of.germination were estimated by
the method described in chapter VI of this paper. Results are shown in
Table 104. '

Table, 104

Average amount of reducing sugar and total sugar
in 100 grains of germinated seeds.
Duration of experiment: Jan. 30-Feb. 3. 1940.

P. Glehnii P, jezoensis
Day kept in .
germination dish -
Red. sugar Total sugar Red. sugar Total sugar
4 0.53 mg 4.22 mg 0.47 mg 2.44 mg
6 a.60 6.66 . o.60 6.57
..
7 0.73 6.1x 0.93 4.22
8 0.47 ) 2.45 0.40 . 2.44
) 0.33 211 0.07 1.88
10 0.26 2.22 0.07 1.67

.

The results shown in Table 104 indicate clearly that the content of
reducing sugar and total sugar in germinated seed varied with the change
of germination stage.” The amount of reducing sugar being contained in
100 seeds of P. Glehnii or P. jezoensis was very much larger at the begin-
‘ning of germination than in the later stage, and also the content of total
" 'sugar become smaller concomitantly -with the progress®of germination.
"Then such consumption of sugar may be the result of seed respiration
during germination. »

From Table .104 it will be seen that the total . sugar content on the
6th day of germination was much larger than at any other stage. From
such facts it may be considered that the total sugars including non-reducing
sugar may be formed by decomposition of starch as a result of the action
of amylase. In the present study the change of amylase action correspond-
ing to the germination stages was investigated in the following manner.
Action of amylase was estimated by the method of Bacu and OpaArRIN
(1922) as follows: the seeds were first divided into three groups, namely
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dormant, swollen and germinated groups. One hundred grains of each seed

group Weré ‘separately ground-in porcelain mortars, and added with:30cc . '
of water. Thus prepared gruel was left to:stand for. § minutes, andithen <

filtered. Filtrate was prepared from each seed group; ‘and-it' was® put mto"
an ERLENMEVER's flask of ca socc capacity with other substances. .

Extract of sample 5¢C | ‘
Starch (1 %) © . 10ce

Phosphate buffer* mlxtu:e 10ce

Thymol ~ - = a small piece el

The pH-value: of thls mixed solution was’ 56 and remained unchanged
during the eéxperiment.  After keeping this mixture for 24 hours in the
. thermostat of 40°C, the total reducing sugar with maltose was estimated
by the method dqscribed in- Chapter VI, and the amylase action was
expressed by the amount of reducing sugar. Results are shown in Table
108.

_Table 103

Amount of reducing sugar with maltose decomposed
by amylase (mg. =+0.0005)
Duration of experiment: Feb.,2—4. 1940.

Material P. Glehnii 100 grains‘ P. }ezoemis 100 grains
Dormant seed ‘ ) - o
Swollen seed - 0.008 ' o002
Germinated seed . 1.200 0.028

It will be seen in Table 105 that the occurrence of amylase in Picea
seeds varies greatly according to the stage of germination; it is contained
to a large-amount especially in the germinated séeds, and the amount of
amylase in 2. Glehnii seeds was larger than in those of P. jezoensis. But
the action of amylase was not found in the dormant seeds themselves which
did not absorb water and did not yet swell. Therefore, from 'such fact it -
may be’said that the increase of total sugar in 6th day of germination of
both Picca seeds (Table 104) may depend absolutely upon the action of
amylase. Then it may be ‘considered that the catalytic action of amylase
causes the decompositiori of starch, and in turn, such decomposition of
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starch may result in the decrease of the total dry weight of germiiiat)ed
seed accompanied with the consumption of reducing sugar and total sugar.
Then in order to ascertain the weight change of seed durmg germmatlon
the following experiment was carried out.

Experiment 55

.

Seeds were divided into four groups, and the raw and dry weights
of 100 grains of each sort of Picea seeds were taken according to their
respective sorts. Results are shown in Tables 106 and 10j.

Table 106

Change in average weight 100 germinating seeds of Picea Gleluit.
Duration of experiment: F¢b. 2-12. 1940.

) Difference of dry weight -
Material Raw weight Dry weight | :

(g) 4 Absolute %
Dormant seeds 0.4031 - 0.3600 o o
Swollen' seeds 0.4510 0.3513 ' 0.0096 2.73
Cracked seeds 0.4925 0.3406 0.0203 5.77
_Germinated seeds 0.5708 0.3116 0.0493 ’ 14.03

Table 107

Change in average weight of 100 germinating seeds of Picea jezoensis.
Duration of experiment: Feb. 2-12. 1940.

. i Difference of dry weight

Material Raw weight Dry weight | — g

© | Absolute %

Dormant seeds 0.2185 - 0.2071 o o
Svgollen seeds 0.2306 0.2060 . 0.0071 . 3.44
Cracked seeds 0.3125 ) 0.1895 0.0176 ‘ 8.54
Cerminated seeds 0.3265 0.1866 o.ozo“s ) 9.95
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‘The quantitative data shown in Tables 106 and 107 denote the
noticeable change of raw or dry weight of the seeds.  The marked decrease
of dry weight and increase of raw weight in the germinated seeds were
clearly recognized. The former may be due to the consumption of carbo-
hydrates by seed respiration and the latter may be' due to the absorption
of water by germinated seed. Then it is reasonable to consider that the
decrease of dry weight in germinated seeds may be closely related with
the loss of total welght of them by germmatlon ’

IX The germination capaclty of seed .and factors
relatmg to the preservation of germination power

Gemiination power of seed begins with maturity after the fertilization,
and reaches its maximum with an elapse of days. It is quite lost during
long storage, though the velocity of loss of germination power varies
according to the kind of seed and to other factors. Moreover, the period
of retention of germination power depends on the maturity; seed character, -
tempefature, water, oxygen, drying and physical and chemical treatments.
Concerning these factors the following experiments was performed with
seeds of P. jezoensis in ‘order to study the relations between the germination
power and maturity.

Experiment 56

Picea jezoensis seeds only was used, which are collected in the Te-
shio Experimental Forest of Hokkaido Impenial University. In 1939 and
1040 the yield of seeds of P. Gle/nii was extremely poor owing p0551bly
to unfavourable climatic conditions of these years, and the seeds were not
available. The germination'test was made by the method described under
Experiment 21.. Results are shown in Table 108.

The percentage of germination.shown in Table 108 was. Very small in
comparison with that shown in Table 40, becatise the seeds used in the
present experiment were collected in the preceding autumn (1939). In
general, the character of the seed varies widely with the difference of year
of production. From Table 108 it will .be seen that the germination power
of P. jezoensis seeds gathered on Sept. 5 was equal to that of the seeds
gathered on Oct. § or Oct. 15, and that some seeds gathered on Aug. 3,
were very poor and slow in germination. Considering the percentage of -
germination of the seeds in the p;eséﬁf experiment it may be said that,
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Table 108

Germination record of the seeds of Picea jezoenszs »
dried at 20°C for varioua temes.
Duratlon of experiment: Mar. 5——Mar. 22. 1940.

:
‘ Numﬁer of germinated' seed af‘ter Percentage
Day gathered R - 5 - - ‘ - T ool 5 ge:){fxul.
3 - - - ';: : '*N “M :‘_ I g s nation
o ~ | » o | = - - - -] =
July 25, 193§ o]l ol o of o.-0 o..v "of o o{ .0 )
Aug. s, 1939 o o o o o o o 6 o] 6 6
Aug. 15, 1939 o] o| o| o] 4% 4| s 4 I 8| 26 26
Aung. 25, 1939 e o [} o o 1) 3} '3 [3 9| 21 21
Sep. 5, 1939 of{ o o' o o 10| 12 5 9 40 40
Sep. 15, 1939 o} 1 4 | 11| 11 8 4 .4 1] 2 46 | 43
Sep. 25, 1939 o 1‘ 8lmjzlir| s| ol of 145 45
Oct. -3, 1939 1’26 of 92| g 1| 1) 1|4 .41
Oct. 15, 1939 ol o] s ol 91 6] 3| 4] 27 5|42 42
]

.

the matutity of Picea seed was completed by Sept. 5, and that the seeds
gathered after Sept. 5 possessed good germination power. That is to say, -
the P. jezoensis seed has reached its full maturity at about go days after
fertilization or pollination, and furthermoré,. some seeds acquired germination -
~ power, though it was incomplete, as early as about 70 days atter pollination.
Therefore the P. jesoensis seeds should be gathered on Sept. 5 or after-
wards from this time on, and then the germination power will be preserved
for a long time if the treatment of seed, such as drying and temperature,
were careful]y taken into consideration.. To study.the relations between

the drying temperature and germmatlon capamty the following expenment
was carried out. L

t

Experiment 57

SRR

The seeds of P.-Gleknii and P. jezoensis were dried in drying thermostat
of definite: temperature for certain hours, and the water content of seed
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Results are shown in" Tables 109

109

" Germination record of the seeds of Picea Glehnis.

Duration of experiment : Oct. 15—-Nov. 4. 1938. Temp. at 20°C.

Wat } . : ) Per-
Temi). Time loste ‘ Number of germinated seed after centage
raw - of . .
C  |(hours)| weight R 13w ermi-
M o P I A S A R e ] il
1
4.8 4 18 19 13 11 13 6 5 3 92 92
o] 1o 5.3 2 6| 1¥i I9 ' 29 61 14 24 8 91 o1
40 , :
20 6.1 o 6 13 12 71 20 9| 10 13 90 [¢ls]
30 5.5 o 4 6] 7 4 81 18 6.1 36 89 89 .
5 5.9 1 i3 .9 7 0| 17 511 13 86 86
50° | IO 5.8 4 10| 17 N 21 12 8 7 5 92 92
20 6.0 I 1 3 2 41| 14 | ¥1 71 42 85 85
Table 110
Germination record of the seeds' of Picea jezoensis.
Duration of experiment: Oct. 15-Nov. 4, 1938.
Witer : . Per-
Temp.| Time | lost Number of germinated seed after centage
raw of
C hours)! weight 6 8 * _ . zermi-
. ( ) ("/f) dasys ” ’7’ ” 5 Bl R RS ! .3”22 Total gation
5 4.2 7 1I 18 13 12 '7 4 2 4' 78 78
. 10 6.2 7 o| 3t 8 6 2 3 1 1 59 59
40 :
20 6.6 o 22 | 22 14 5 6 2 2 1 74 74
30 5.6 . o 16 | 281 10 6 3 3 o 4 70 70
5 | 59 4 | 32 15| 9 31 24 21 7| 8 78
50° | 10 6.2 13 | 14 18| 11 4| 314 73 73
20 6.7, 6 17 16 6 6 7 3 3 6 70 . 70 ¢
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The data shown in Tables 109 and 110 indicate that the seed dried
at comparatively high temperature for long periods of time lost more water
than these dried at lower temperature for shorter hours, but drying at
higher temperature for longer hours does not result in so remarkable
dropping of .germination power of seed to compare with those dried at
lower temperature for.fewer hours. It may .be said that the drying of the
_seeds at 40°C or 50°C for 2-5 hours is adequate for drymg of both sorts
of Picea seeds for the purpose of long storage of them. In general, the
moderate drying of seed is very beneficial for long preservation of germi-
nation power. SATO and the writer (1940) have proved that the germination
power of Populus Sicboldii could be preserved for a long time by drymg
and storage at lower temperature.

Experiment 58

The purpose of this experiment was to study the change of germination
power of both sorts of Picea seeds as influenced by the method of preser-
vation. The seeds of P Glelui and P. jesoensis were stored in paper
sack at ordinary room temperature (approximately —15°C+25C) and in
the constantly low temperature chamber (approximately .—15°C) for 2—3
years, and then germination tests were peﬂbrmed. Results are shown in
Tables 111 and 112. '

Table 111

'Germination record of . the seeds of Picea Glehnii at 20°C.

. Per-
Number of germinated seed aft
Datum of . ¥ P seed e centage
" germi. test Storage | — o
' ) > s s = 2 x|z ® : | 3£ i-
3. o |55 [ |3 | B8 | T | Gation
wy O ~ o] =) =] - - ] - -
13. 10 Lab 4| 18| 1813 /11|13 6| § 1 I X 91 91
14. § Low of 5! 6| 8| ol1413 12| 7| 7 4 85 83
14. 10 Low o 3] 6] 7] 8j13]14j12} 7] 6 5 81 81
15§ Tow | 0o/ of 4| 6|11 {15|12| 8| 5 4 o 65 65
15. IO Tow | of 2| 3| 6l10{13|11| 8{ 5| 2| ‘0 | 60 )
© 16 4.2 Lab - lso| o) 1| 5| 5 7{1004{ 5| 5} 3 9' . 50 50
» 16, 4. 24 Low ol ol 2/17| 8/ 6| 9f 4| 4| o] 4 54 54
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Table 112

Germination- record of the seeds of Picea jezoensis at 20°C.

| s Per- -

D Ngmber of genpmated seed after centage
atum of St £
germi. test orage @ : i L ger?m
H H 2 H K = % = 2 a > -

< o lw | & el <l &S | Toal Fpation

wn O ~ [>e] (=)} =] et - - Yt ]

13. 10 Lab 711|813 11{ 7| 2 I 1 I 2 74 74
4. § Low .. oi I 4] 9161414 5 41 3 P 72 | 72
14. I0 Low o] 1 3| 8|16 (15|13 5| 4| 2 o 70 70
15. 5 Low 0| 0 2. 5|19|13|14| 47 4] 2| 0 « 63 63
15. 10 Low oj of 1{ 6|17|13|12] 6| 4| O o 59 59
16. 4. 24 | Lab ol ol of 1] 6| 2z|11| 4| 2| 3 4 33 33
16, 4.24 | Low | o] o 3| ojz ] 2] 50 71 2 3 59 59

Tables 111 and 112 show that the germination power of P. Glelinii
and P. jezoensis seeds dropped in accordance with the increase of days of
storage, though the degree of dropping was not so great that the germi-
nation power was completely lost, and the seeds of P. Glehnii stored in
an ordinary room or in constantly low temperature chamber for three
years, still showed about 50 percent germination. But the deégree of
decrease in germination power in P. Gle/mii seeds was not the same as in
those of P. jezoensis, and the influence of the storage temperature on the
germination of the seeds of P. jezoensis was greater than that on P. Glelnii
seeds. That is to say, the percentage of germination of 2. jesoensis seeds
stored in an ordinary room was 33 %, those of stored in a constantly low
temperature chamber was 59 %, while germination of P. Glelnii was about
'50 % in both cases respectively. What is the cause of such a difference
in the drop of germination . power between P. Glefinii and P. jezoensis?
As one of the cause of this difference in the drop of germination power
the size of seed may be taken into consideration. This idea seems to be
not so unreasonable, because, according to SaTo and the writer’s experiment
(1940) seeds with Populus Sieboldiz® stored in a constantly low temperature

1) ‘The size of Populus Sieboldii seed is very small, and the average number of seed grains was

about- 4 million per 1 litre.
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chamber continued 'their germination power for 300 days and the percentage
.of germination was nearly 80 %, but the seed stored in an ordinary room
completely lost their germination power after only about 40 days. From
such an observation it may be said that the decomposition or change of
stored substances in such small seeds -may occur very easxly, and in turn
it may result in the decrease of germination power. As another cause,
the vitality or the resistance of seeds to outer factors may be taken into
consideration, because the smaller sized seeds was sensible to chemical or
/ physical influences or to injurious substances which may be formed in the
course of germination by decomposition of stored substances in the seed.
For example, it was observed by the writer that under the same conditions
the P. Glehnii seeds could germinate, while the P. jezoensis could not. It
may be said from the following observations that the decomposition or
change of stored substance may occur during long storage and it may
result in the diminishing of germination power. = Picea seeds which had
beed stored for 3 years in a constantly low temperature chamber did not
germinate in LiCl solution of various concentrations, though the same seeds
germinated very well in water, while the seeds stored for 1 or 2 years in
similar condition germmated in the same solutjons.

It was proved that catalase is contained widely in seeds and some
intimate relations exist between the action of catalase and the germination
power of seed, maturity, after-ripening, seed respiration or storage period
of seeds. Then, it is reasonable to consider that some relations may exist
between the germination power of Ficea seeds and catalase action in them.
Therefore, catalase activity in seed was determined in order to study the
rélations between the action of catalase and the difference of stored tem-
perature. Catalase in the seeds was estimated as follows. Two grams in
raw weight of the material were ground in a porcelain mortar, and added
with about 70 cc of water.  Thus prepared gruel was filtered, and the
filtrate was diluted to 100 cc with water using measuring flask. This

filtrate was put in ERLENMYER’S ﬂask of ca 30cc capacity with other
substances

Extract of sample 10 ¢cc
Hydrogen peroxyde (1%) 5
- HpSO4 (S.G. 1.08) : 3

After keeping this mixture for 30 minutes at 20°C in laboratory, the mixed
solution was boiled for 5 minutes, and then the hydrogen peroxide was
titrated with KMnO, (N/10).. As control, the mixed solution was boiled
immediately after being prepared. Obtained results are shown in Table 113.
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Table 1 13

£ . - . .

AmOunt of KMnO4 (N/10, cc) ‘used for titration: of H2O2
- Date of e\{perlment* Apt 23. 1041.

a T .
sy Stored in ¢ Stored in low i
Material laboratory - temperature chamber Differénce
“P. Gleknii R § TS ‘310 ; °
P. jezomsisi 211 310 ) ~ gy

From this table it may be seen that the catalase action in P. Glehnii
. seeds stored in different ways did not show any difference, but in P. jesoensis
seeds it was different. That is to say the catalase activity in P. jesoensts
seeds stored at constantly low temperature chamber was greater than that
in seeds stored in an ordinary chamber, and the percentage of germination
of the former seeds was larger also than that of the latter.  These two .
facts suggest the existence of some relations between the change of reserve
substances in seeds and the storage temperature of the seeds, and also the
connection among the change of reserve substance, the action of catalase
and germifation capacity of the seeds at least in so far as the seeds are
very small and the substance reserved in the seed is very poor. . .

X General discussion

The results obtained in the present experiments show that the germi-
nation of seed is a complex process comprising swelling, absorption of
water, salts and other substances and change or mobilization of reserved -
substances in the seed. It depends a great deal upon the character and
kind of seed and upon outer factors, such as water, temperature, salts and
non-electrolytes. The salts which acted to accelerate the swelling of seeds
also accelerated the absorption- of water; on the contrary the salts, which
retarded the swelling of seeds, diminished the absorption of water by them.
Such action presented by the salts may be attributable to the ionic action
which occurs as a result of their dissociation in solution. Such’ influences
of ions or salts upon the absorption of water by seeds and. their swelling
should be attributed to the ionic action on the protoplasm of plant cell.
Consequently the actions of salts on seeds were quite in resemblance with
those on the plant cells or tissues other than seed. Phenomena analogous



134 ' SENNGSUKE YAMAGUCH!

, ; ,

to the present cases have been reported by Loo (1931) on the absorption
of ammonia and: nitrate by the root system of higher plants in relation to
the effect of other salts, by PirscureE and MEGDEHL (1931} on absorption
of salts by plants, by LunpeGArRDH (1932) on the relation between the
- action or resorption of ions and plant growth, by BaprisTE (1935) on the
effect of some cations on the permeability of cells to water, and also by
Kreur (1941) on the influence of salts upon the permeability to other
substances.  Therefore it may be said that the electrolytes which accelerate
the swelling of the protoplasm or softening the plasma membrane tend to
increase the permeability of the seed coat, on the contrary the electrolytes
such as MgCl,, CaCl, which check the swelling of protoplasm tend to
decrease the swelling of seeds and the absorption of water by them. But
the influence of salts on the germination of Picea seeds differs from that |
on the absorption of water by them. For example, the salts which retard
the absorption of water did not always cause a drop in the percentage of
germination nor did the salts which accelerate the absorption of water
always promote the germination of the seeds. In the salt solution of
lower concentration, the action of ions or salts on the germination of seeds
or absorption of water by them may depend on the ionic action of salts,
and not on the osmotic relationship, but in the salt solution of higher
concentration. the action of salt on the germination or absorptien of water
depends upon the osmotic value of solution as well "as the ionic action.
In the experiment on the effect of combination of salts on the swelling and
germination of the seeds, it was recognized that so-called antagonism of
ions to the germination and to the absorption of water exists between K
and Ca, or Na and Ca does not exist between K and Na. That is to
‘'say the action of one kind of ion was compensated or retarded by another
" sort of ion. Such antagonistic action of ions recognized in the present
study fully resembles the results of several previous studies on the action
.of ions upon the protoplasm, plant cell or absorption of other ions or non-
electrolytes published by BRENNER (1920), KauHO (1924), ScartH (1925),
HANSTEEN-CRANNER (1919}, YAMAGUCHI (1929), Loo (1931), PirsCMLE
(1232), BursTrROEM (1934) and HBFLER (1940)..

The influence of saccharose, glycerine, and urea on the seed-germination
and the absorption of water differs in many points from that of electrolytes.
The remarkable difference of the influences between electrolyte and non-
electrolyte on the germination and the absorption of water is possibly due
to the following: firstly, osmotic phenomenon ; secondly, permeability ;
thirdly, ionic action ; fourthly, physiological action. In the lower concentra-
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tion, the influence of an electrolyte on the seed germination and absorption
of water is attributable to its ionic action and permeability, but that of a
non-electrolyte may be attributable to the permeability and physiological
action. The actions of several kinds of non-electrolytes differ- each other
according 'to the kind and also to the concentration within the same
compound. ’ . ' , ‘

‘In saccharose solution which does not enter easily into plant cell,
plant tissue or seed grain, the osmotic pressure of solution is the most
responsible factor affecting the germination or absorption of water. - There-

“fore the value of suction force of seedling and the osmotic wvalue of
surrounding saccharose solution have much significance in the germination
or absorption of water. The maximum concentrations of saccharose
solution for germination of the seeds of P. Gleknit and P. jesoensis were
0.42 mol and 0.38 mol respectively. On the other hand, the suction force
of slightly germinated P. Gleknii seeds was 1.30 mol and that of P. jezoensis
was 1.15mol, and then the suction force of seedling became. smaller 4n
accordance with the progress of the germinating process.

From. the concentration of saccharose solution at which the incipient
germination of the seeds took place the following conclusion may be
reached : that the failure of germination in the seeds of P. Gle/inii and P.
Jezoensis in saccharose solutions of 0.42 mol and 0.38 mol respectively may
be caused by osmotical detriment, though the suction force of slightly
germinated P. Glelnii seed was about 1.1 mel, because judging from the
suction force of the germinated seeds of P. Glehnit it is probable that the
seeds can not easily absorb water nor readily germinate in the saccharose
solution of 0.42 mol concentration. But the relationships between glycerine
or urea and the germination of the seeds of P. Glelenii and P. jesoensts
are another thing to compare with the case of saccharose. That is to say,
the two' sorts of Picea: seeds did not germinate in the urea solution of
lower concentration than in the case of saccharose, while they both germi-
nated much more easily in glycerine solution of higher concentration than
in the case of saccharose. Then the osmotic explanation can no more
be applicable to the cases of urea and glycerine as it was in the case of
saccharose.  As. the cause of the difference of influence among urea,
glycerine and saccharose on the germination of the seeds of P. GleAniz and
P. jezoensis, the physiological action and the high permeability of these
three non-electrolytes should. be taken into “consideration as described
above. Urea permeates very easily into the seed grain, and consequently
the injurious effects on the germination of seed and physiological function
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of plant will be caused not only by an accumulation-of urea itself but also
an extreme decrease of hydrogen-ion concentration and an accumulation of
ammonia in the seed or so-called ammonia-poisoning. Owing to these
three causes urea is' very injurious to the germination of both Picea seeds,
even when'the concentration of urea was lower than that of saccharose in
solutions.  Though glycerine permeates very easily into seed grain like
urea, it does not exert an injurious -effect on the germination of the seed
even when the concentration was much higher than the case of urea. . As
the cause of this diverse difference of urea and glycerine in the influence
upon germination of the seeds the difference of their physiological action
may be taken into consideration.  Already HarringTON and CROCKER
(1923) reported that urea of I normal concentration retarded the germination
of wheat seed, while KLEBs (1889) observed that glycerine. permeates into
algae cells without any injurious effect, and WiLLSTATTER and WALDSCHMIDT-
Leirz (1932) used glycerine as a substitute solvent for water in enzyme
studies and got good resuits.

From the results obtained in the experiments of germination and of
suction force of the seeds of P. Gleiinii and P. jezoensis in glycerine solution
of various concentrations it was concluded that the failure in the germination:
of seeds of P. Glehnii and P. jezoensis in glycerine solution of concentra-
tions higher than 1.05 mol for the former species and 0.gomol for the
latter was caused by the high concentration, in other. words high osmotic
value of glycerine solution, because the critical concentrations of glycerine
solution for germination: of the -Picea seeds. were .about equal to the valpe
of suction force of germinated seeds. " :

Temperature exerts great influence on the germination of both kinds
of Picea seeds together with the amount of water, and temperature influences
not only the germination of seed, but also the exosmosis of substances
from seed grain and absorption of non-electrolytes by the seeds. Then
the relationships between germination and temperature may be attributable
to the complicated relationship among the germination, temperature, exos-
mosis and permeability of the seed grains. In these connections it is
understood that both Picea seeds are not injured but rather favoured by
submerging under cold water for a long period. ToLMAN and Stout (1940)
reported that beneficial effect was -exerted upon the germination of sugar-
beet seeds by submerging them under water, and they said that the retarding
or injurious substances exosmosed from seed grain may be removed by
this treatment.  This opinion is directly applicable to the Picca seeds
submerged under water in natural forest. But EYSTER (1940) reported
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that soaking seeds in water caused the loss of reserved substances from
them, and the resulting germinative capacxty of the seeds was approxxmately
inversely proportional to the amount of the loss.

According to the writers’s experiment. the suction force of Picea seeds
was exttemely great and its value decreased in accordance with the pro-
gress of germinating' stages.

For the long preservation of seeds without injuring their germination
capacity, the low temperature is the most important factor ‘and then the
size, species and contents of seed grain alsp are impottant. - In connection
with such factors occurs also the stopping, diminishing and accelerating of
the respiration of seed and they effect many cases. Perhaps the intensity
of anaerobic respiration in seeds during preservation may control the germi-
nation capacity, accompanied with change in action of énzymg and change
in reserved substances. In conclusion it may be said that the temperature
is the most important in its influence upon the germination capacity of seed,
especially lower temperature is essential for the longer preservation of seed.
Furthermore it may be said that the temperature plays a. great role on the
germination physiology, such.as permeability, absorption and exosmosis,
enzymic action and change of reserved substances together with the other
physiological problems of seed such as vernalization and alternative tem-
perature for the germination of seed. '

'

XI Summary

1. Physxologlcal studies on the germination of seeds of Picea Glelnti
and Picea Jezoensis were carried out concerning the absorption of water and
non-electrolytes, the swelling, the suction force, the change of reserve
substance, and the germination capacity.

2. Absorption of water by seed grains was also affected by the kind
and concentration of inorganic salts, especially by the kind and valency of
cations and by the pH-value of the solution.  Absorption of water by seed
in the solutions of glycerine, saccharose or urea depends upon the concent-
ration and the permeability of the non-electrolytes to the seed grains.

3. The swelling of the seed grains of P. Gleknii and Picea jezoensis
was affected by concentration or kind of salts and also by the combination
of them. The percentage of swelling of the seed grains was larger in the
width than in the length.

4. The concentration, kind, valency and combination of several kinds
of chlorides play great roles in the germination of both Picea seeds, and
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also the germination of these seeds is influenced by the concentration and
kind of non-electrolytes. .

5. The salts which cause the greater absorption of water by seed
grains do :not always promote their germination. That is to- say, the in-
fluences of salts on- the absorption of water by seeds are not necessarily
coincident with these on the germination of seeds. The antagonistic action
of salts on the seed germination and.absorption :of water by seed was
recognized, but it was rot clear on the swelling of seeds.

6. The concentration of non-electrolytes, in other word, ‘the osmotic
pressure of a solution has a great effect on the seed germination. The
critical concentration of saccharose for germination of the seeds of 7. Glehnii
is 0.42 mol and for that of P. jezoensis 0.38 mol. But, the critical concent-
rations of urea or glycerine solution for germination of Picea seeds are
quite different from that of saccharose. = In glycerine solution seeds
germinated "at a higher concentration than in saccharose solution, while
in urea -solution the seed germination was checked even at far lower
concentration than in the case of saccharose.

‘7. The injurious effect of urea or the.beneficial effect of glycerine
upon the seed germination depend possibly on the difference of physiological
action of every substance. That is to say, the injurious action of urea
occur due to the accumulation of the same in seeds owing to its high
permeability, and on the other hand due to the ammonia-poisoning caused
by an accumulation of ammonia produced in consequence of the hydrolysis
of urea by the action of urease -which is slightly detected in germinated
seeds, and the accumulated ammonia causes an extreme decline of the H-ion
concentration in the seed to alkaline side. I he beneficial effects of glycerine
are due to its high permeablllty, and. a substitution of glycerine for water
occurs to some extent in seeds during the process of their germination.

8. The action of electrolytes. upon seed germination depends upon
the Jjonic action of cations or anions and miolecules of salts so- far as the
concentration of electrolytes is dilute, while in the case of the .non-
-electrolytes the action of saccharose depends on-the osmotic pressure of its
solution and that of urea and glycerine depends on their specific permeability
- and physiological action. :

9. ‘The germination of the Picea seeds was influenced by the hydrogen-
ion concentration in case that the concentration of the used phosphate
wmixture solution was higher than 0.1 mol, while in dilute concentrations such
effect was not scen. | Therefore it was concluded that the influence of
hydrogen-ion concentration upon seed germination is greatly influenced by
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the concentration of phosphates or other salts contained in the solution,

10. The [P. Glehnii seed possesses higher resistance to the un-
favourable effects of the high concentration of germinating media containing
various salts, glycerine, urea or saccharose in solution than the 7. jesoensis
.seed. That is to say, the P. Glefii seed could germinate under more
_unfavourable conditions than the P. jesoensis: seeds. ~

11. Temperature plays an important role in the. germmdtlon of both
Picea seeds in close connection with the amount of water. = A temperature
higher than 25°C is not favourable for the germination of the seeds possibly
due to the acceleration of exosmosis of substances from the seed grains
and the change of permeability of seed membrane caused by high tem- -
perature. But, a temperature lower than 10°C exerts no injurious effect
upon the gerniination ‘capacity of the seeds which were submerged under .
such cold water for a long period. These ficts suggest that the climatic
conditions in Hokkaido are suitable for the development of the Picea forest.
It is rather a common even that the Picca seeds are buried under snow
and submerged in cold water for the duration of about 5 months without
any decline of their germination capacity.

12. The absorption of $accharose, glycerine and urea by the seed
grains is influenced by temperature and concentration. The most con-
spicuous absorption of these three kinds of non-electrolytes was observed
at 20°C in comparison with such other temperatures as 10°, 30° or 40°C.

13. Occurrence of a small amount of urease was detected in germi-
nated seed, and the action of urease was not always favourable for the
germination of seeds, though from thé nutritional pOfl'lt of view urease is
indispensable in utilizing urea as a nutrient. On the contrary, if the
concentration of urea is high it causes ammonia-poisoning and extreme
decrease of the hydrogen-ion concentration of seed owing to an accumulation
of ammonia produced in. the decomposition of urea by urease. These two
facts stated above enhance the injurious effect due to urea combined with
its own deleterious action.

14. The suction force of dormant seeds and germinated seeds was
estimated by the direct weighing method using a torsion balance.  The
suction force of germinated seed is comparatively high to compare with
that of the critical concentration of saccharose solutions for seed germination.
The suction force of seedling varies according to its parts and then the
value of suction force decreases gradually with the progress of germination
process. From the results obtained in the writer’s experiments it may be
said that so-called suction force estimated by BucHINGER does not show
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the real suction force of seed.

15. Decreases in reducing and total sugars and total dry weight take
place concomitant with the processes’ of germination, and it was proved
that the action of amylase plainly increases in the germinated seeds.

16. In P. jesoensis seeds the germination power commences at 7O
days after fertilization, and it reaches maturity by go days.

‘17, Storing the P. jesoensis seeds at low temperature was proved. to
be the most suitable method for the long preservation of germination
capacity of the seeds, but it was another matter in the case of P. Glelnii
seeds. ' : ~

18. The infiuence of temperature on the stored seeds has an intimate
relation with the size of each seed grain, in other words, with the amount
of reserved substances in the seed. The beneficial effect of low temperature
on preservation of germination power for a long period may depend princi-
pally on controlling anaerobic respiration of seeds. ‘The anaerobic respiration
may cause some unfavourable changes in reserve substances of seeds, or
the formation of deleterious substances within seeds with the consequent
result- of the retardation of the germination of seeds.
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