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2 SENNOS.uKE V AMAGUCHI 

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 ahd of metabolic phenomenon during the germi~ 
nation of the seeds. Under these circumstances physiological studies on 
the germination of seeds of Picea jezoens£s and Picea Glelm£i, 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 pl'Oblem from 
the physiological point of view in the present paper. 

The writer wishes to express here his sincere gratitude to Dr. Kn;Go 
MlvABE, Professor Emeritus of the Hokkaido Imperial University, and Dr. 
SElVA ITo and Dr. YOSHrHlKO TOCHINAf, Professors of Botanical Institute 
of the Faculty of Agriculture, the Hokkaido Imperial University, for their 
valuable suggestions and kind ad vices, To Professors, Dr. HIROK1CH( 
NAKAsfUMA and Dr. YOSHfO SATO 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. TETsu SAKAMURA, "Dr. YUKIO YAMADA and Dr. 
HAJfME 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 Pron~otion 
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 I;>y the "Hattori Hokokwai", for: both of 
which grants the writer wishes to make gntteful acknowledgment. 
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II Materials and Method 

As experimental materials the seeds of Yeto spruces, Picea Gle}mii 
(Akayezo) and Picea jezoen5is (Kuroyezo) were used. 'These $eeds were 
collected at the end of September 1938 in the 1;eshio and Driu,Experimentai 
Fore\Sts of the Faculty of Agricultu'(e, 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 ~hambers 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 bf electrolytes and non-electrolytes 
are described in detail concerning the respective experiments in the following 

, chapters. 

III Factors influencing water absorption • 
by'seed during germination 

It is a matter of common -opinion that ordinary mature seeds 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 prqcesses 
of absorption of water by living seeds differ of course from those by non-
living materials. _ 

The absorption of water by various seeds has been reported by many 
authorsl? using such ag~icultural 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 surrounding 

I) ATKINS (1909), BRENCHLEY and WORLEY (1912), BROWN and WORLEY (1912); SHULL 

(1913), EILTER (1914). RIPPEL (1918), HARRINGTON and CROCKER (1923). SHULL and SHULL, 

S. P. (1924), DUNGEN (1924). RUDOLFS (1925). OHGA (1926), WOLFE (1926), JONES (1928), BROWN 

(1931), KISSER and SCHMID (1934). 

. . 
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factors such as temperature, by time, and by structure of the seeds, both 
morphological and anatomical. For ins~ance, BRENCHLEY and WORLEY 
(1912), BI~ovm and WORLEY (1912), and SHULL, S. P. (1924) ascertained 
that temperature inf1uenc~s the absorption of wilter by seed and the tem­
perature coefficient vades with the character of seed, especially the semi­
permeability of seed coat. BROWN ('1909) and SHULL (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 s~lutions 
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
p~riments the writer attempted to investigate the relation between the water 
absorption by seed of Yezo spruce and the salts, non-electrolytes, hydrogen­
ion concentration and temp~rature, in order to discover the significance oC ' 

• surrounding factors 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 weightof seed after they had been placed 
in the PETRI-dishes, which were kept in· the thermostat [or' a definite_ 
number of days. But it is obvious that such a method cannot afford strictly, 
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 (1909), STILES (192.4), and WOLFE (1926)], 
and from the writer's below described experimental results (Table I and 
Table 2). 

The absorption of ammonia arid 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 soluti;n 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 MEVIUS (1928), MEVruS and ENGEL (1929), PIRSCIlL (1929), 
YAMAGUCHI (1929), and Lao (1931), that the absorption of ammonia by 
the root system of higher plants in a solution containing single 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, 
magnesit~m, etc. On the other hand, in this paper various chloride-salts 
w.ere used as electrolytes. So that in the case of contparison 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 
~he above mentioned reason. Experiment was carried out as f~lIows: 200 

seeds were submerged in 20 cc of the salt solution' in an Erlenmyer's 
flask having a capacity of 50 cc: after keeping this vessel for a definite 
number of hours in the thermostat of 'zo°c., the absorption of ammonia 
and chlorine was determined by micro-analysis of the ext~rnal 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 0,01 cc and coloured with one drop of 0.05 percent sodium 
aliZarin 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 satlirated caustic potash were added to the sample 
through a separate funnel. If the sample exceeds zo cc, it is desired to 
heat the micro-kjeldahl flask 'over a burner to boiling, in order to hast~~ 
the distillation of ammonia. But when the heating was strong and steam 
powerful, Ithe distillation usually lasted eight minutes. At the end of dis­
tillation the receiving flask must be lowered a' little, aU,?wing 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 tht1 apparatus is disconnected b~fore 
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 0.01 cc. The standard 
NaOH was carefully prepared according to the direction of CLARK (1928, 
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p. 195), and 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 HCI was prepared using the standard alkali solution. 

Determination of chlorine:-Chlorine was estimated using silver nitrate, 
and ammonium thiocyanate by the method of RUSZNYAK (1921). A·suitable 
amount of the sample was transferred into 100 cc 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 a~alytical results of this Experiment 1 -are shown in Tables I 

and 2. 

Table 

Absorption of NHs and Cl by Picea Cleltn£i seeds during 2 days. 
Duration of experiment; Apr. 10-20. J940' 

Concent- I Weight of Per 200 seeds 
\ 

Per I 5eed Average 

ration of I No. 200 seeds 

I 
weight 

NH.Cl NH. Cl 
I- NH I C of 1 seed 

(mol) (gr.) (rng) (mg) (,~g) (mg) (gr. 

I 
I ±0.86 ± i.78 ±0.oo4 ±0.008 

0.50 1 0.608:> +2.560 +14.180 +0.012 +0.070 0.0030 
2 0.5880 +5.100 +5.320 +0.026 +0.026 0.0029 

I 3 0.6340 -5. 100 +'5.320 -0026 +0.026 O.OO~2 

·Ave. 0.6100 +2.560 +8.280 +0.012 +0.040 0.0031 

±0.68 ± 1.42 ±0·004 ±o.006 
0.20 1 0.6340 -8.160 -2.840 -0·040 -0014 0.0032 . 2 0.6480 +6.120 -2.840 +0.030 -0.014 0.003 2 

3' 0.6070 ,+8.160 - 1.420 +<1.040 _0.006 0.0030 

Ave. 0.6297 +6.120 -2.360 +O.o}O -0.012 0.0032 

±0·34 +0.70 ±0.002 ±0.002 
0.10 1 0.5900 ± 0 ± 0 ± 0 ± 0 0.0030 

2 0.6620 +2.040 +2.840 +0.010 +0.014 0.0031 
3 0.5320 +2.380 ± 0 +0.012 ± 0 0.0027 

Ave. 0·5947 +2220 +2.840 +0.0'12 +0.014 0.0030 

±0.172 ±0'356 ±0.0008 ±0.0016 
0.05 I 0.6170 +0.172 +0.356 +0.0008 +0.002 0.0031 

2 0.5840 +2.380 +0.356 +0.012 +0.002 0.0029 
. 3 0.6240 +2.112 ± 0 +O.OII ± 0 0.0031 

Ave. 0.6083 +1.588 +0.356 +0.008 +0.002 0.0030 

±0.6So ±0.14 ±0.OOO4 ±o.oooS 
.0.01 I 0.5870 +0.400 ± 0 +0.002 ± 0 0.0029 

2 0,5940 +0·540 ± 0 +0.003' ± 0 0.0030 
3 0.698 :> + 1.360 -0.140 +0.007 -0.0008 0.0035 

• Ave. 0.6263 +0.78 -0.140 +0.004 -0.0008 0.003 1 

. 
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Table 2 

Absorption of NH 3 and CI by Pirea Glehm'i seeds during 4 days. 
Duration of experiment; Apr. 10-20. 1940. 

, Concent- Weight of Per 200 seeds Per 1 seed Average 
ration of No. 200 seeds 

I I 
weight 

NH.Cl NHa Cl NHa CI of I seed 
(mol) (gr.) I (mg) (mg) (mg) (mg) (gr.) 

±0.86 ±I.78 ±0.004 ±0.008 
0.50 1 0·4920 ± 0 +19.500 ± 0 +0-098 0.0025 

2 0.5840 -,p60 . +1·780 ~0·.022 +o.()oS 0.0029 
3 0·5180 +2·560 - 5.320 +0.012 -0.026 0.00~9 

Ave. 0.5513 -0.560 +5·320 ",:,0.004 +0.026 0.0028 

±0.68 ±I,{2 ±0.004 ±ooo6 
0.20 1 0.6240 +9.520 ,. -7.100 +0,048 -0.036 0.0031 

2 0·549Q +8.160 -14.180 +0.040 -0.070 0.0028 
3 0·5920 +11.840 -18·44° +0.038 -0.092 0.0030 

Ave. 0.5883 + 11.7E6 - 13.2 40 +0·042 -0.066 0.0029 

±0·34 ±0·7 ±0.002 ±0.002 
0.10 1 0.61 30 -+2.380 +2.140 +0.012 +0.010 0.0031 

2 0.5930 +3.060 ± 0 +0.016 ± 0 O!OO30 
3 0·5980 +3.060 +1.420 +0.016 +0.008 0.0030 

Ave. 0.6013 +2.840 + 1.780 +0.014 +0.010 0.0030 

±0,172 ±0·3S6 ±00008 • ±0.0016 
0.05 1 0.6330 +2.212 +0.708 +0.012 -0.004 0.0032 

I 2 0.5800 

I 
+3.060 ± 0 +0.016 ± 0 0.0029 

3 0.5220 +2.892 ± 0 +0.016 ± 0 0.0026 

Ave. 0·5783 I +2.72 0 -0.708 +0.016 -0.004 0.0029 

I ±068 ±0.14 ±O.0004 ±0.ooo8 
0.01 I 0,5370 +0.480 +0.178 +0.002 +0.0008 0.0027 

I 
2 0.5620 +1.160 -0.178 +0.006 -0.0008 0.0028 
3 0.5250 +0.960 ± 0 +0.004 ± 0 0.0026 

Ave. 0.5413 +0.860. ± 0 +0.004 ± 0 0.0027 
,. 

The results shown in Tables I and 2 indicate that the absol'bed 
amount of ammonia and chlorim:: by a seed is very smal1 and its value is, 
perhaps, within Hie limit of experimental errors even in the case of am­
monia; though'the absorbed 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 rest;lts of Experiment. I the total. 
amount of ammonia and chlorine absorbed by a seed W?S very small com­
pared to the amount of water absorbed by a seed as described in Experi-. 
ments 2, 3, '''9, Therefore it is natural 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 witl1 the concentration of salts. So that from the results of 
Experiment 1 the writer considered that the absorbed amount of water 
by se.ed 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, 
LiCI, NH4 Cl, CaClz, BaClz~ and AICl a 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 especially made for germination 
test (Fig. I). 

2 

Fig. l .• a 

e 

a .••..• PETRI-dish 
d ....•. filter paper 

Fig. 1. b 

f· 

b ••.... slide glass . C •••••• slide glass 
e...... seed f •• •••• water 

The diameter of each dish was about 10 cm and its depth was about . 
1.5 cm. 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 
.filter 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 ~f seed due to the ab-
sorption of water' was determined. 
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Experiment 2 

Experinlent 2 was perfurmed using seeds of P. Gle/mii and KCI,' NaCI, 
LiCI, NH4 Cl, MgCI 2 ,CaCI 2 , BaCI 2 , AlCI 3 • The duratio.n of the experi­
ment was 2 days and 4 days. Table 3 and Fig. 2 show the results of 
this experiment. 

S:l]t 

KC! 
, 

NaC! 

Table 3 

Amount of average increased weight of the seeds of Picea 
Gte/mii in various salt solutions. 

Duration of experiment. Jan. 2o-Jan. 31. 1940. 

I Concent- Average increased 

I 
Aver:lge I Aver:lge increased weight 

ration weight after (mg) weight of per I m~ of seed ( mg) 

I I 
one seed 

I. I (mol) 2 days 4 days (mg) 2 days 4 days 

\).100 0.87 1.40 3.40 0.26 0.41 
0.010 0·74 1.17 3.96 0.19 0.29 
0.002 0.58 0·97 3·54 0.16 0.27 

I 
0.100 0·95 1.56 3·74 0.25 0·42 
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 0.15 0.26 
NH.C! 0.10 0.83 0.90 3. 16 0.26 0.28 

0.01 I.17 1.29 3.03 0·39 0·43 

0.100 1.16 1.29 3·57 0.32 0.36 
LiC! 

" 
0.010 0·99 I.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 0.14 0.25 
AICI. 0.010 0.50 0,98 3·34 0.15 0.29 

0.002 0.66 1.00 :'3026 0.20 0.31 

0.100 0·47 0.82 3.87 0.12 0.21 
MgCI. 0.010 0·74 1.00 3·90 0.19 0.26 

0.002 0.7 1 1.02 4.07 0.17 .0.25 

0.100 0·54 1.07 3.60 0.15 0;30 
CaCI. 0.010 0.50 0·75 341 0.15 0.22 

0.002 058 1.21 3.66 0.16 0·33 
-

0.100 0.81 1.07 3·49 0.23 0.31 
BaCl. 0010 1.11 . 1.26 3. 16 0·35 0.40 

0.002 0·96 1.07 - 393 0.24 0.27 

H 2O 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 Glehllii after 

being soaked in various salt solutions for 2 days. 
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The results pf Experiment 2 showed clearly that the absorption of 
water by the seeds is strongly affected by tlie kinds. and concentration 
of salts in solution. The absorbed amount of water by seeds of P. Glehnii 
in KCl-, NaCl-, and LiCI-solutions was larger than in the CaCI 2 -, and 
MgCI2 -solutions. In LiCI-, KCl-, and NaCl-solutions the absorption of 
water by. the seeds was greater in the salts solutions of higher conc.ent­
rations .than in those of lower concentrations. On the contrary· the 
absorption of water in CaCI 2 -, MgC1 2 -, and AlC1 3 -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. jezoetlsis and to compare them with P. Glehnit" 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 z. Table 4 and Fig. 3 show 
the results of. Experiment 3. 

Table 4 

Amount of average increased .weight of the seeds of Picea 
jezoensis in various salt solutions. 

Duration of experiment. Jan. zo-Jan. 31. J940· 

Average increased 'Average increased weight 
Concent- f Average 

ration weight a ter (rug) w . ht f per 1 mg of seed (mg) 
Salt elg 0 ~_. ___ -;---' ___ _ 

__ ' ______ (mol) _~~_1_~ day~ __ -=(::;~d ___ 2_da:_I.~_d_a_Y_S __ 

KCI 

NaCI 

0.100 • 

0.010 
0.001 

0.100 
0.010 
0.002 

0.60 
0.49 
0.63 

0.63 

0·74 
0·53 

0.82 

0·72 
. 0.66 

1.49 
1.93 
2.tI 

2·14 
1.97 
1.90 

0.40 0.5 2 

0.25 0.44 

0.30 0·34 

0.29 

0.38 
0.28 

0.38 
0·37 
0·35 

-------' --I-----:------I-----I------l------I-----

LiCI 

AICl a 

1.00 
0.10 
0.01 

0.100 
0.010 

0.002 

0.100 
0.010 

0.002 

0.100 
0.010 
0.002 

0.100 

0.010 
0.002 

0.100 
0.010 
0.002 

0.27 
0-44 

0·47 

0·57 
0.69 
0·54 

0.86 
0.83 
0.86 

0.60 

0·33 
0.60 
0.60 

0·58 
0.69 
0.66 

0·57 
0.64 

0.65 

0·91 
0.80 
0.61 

0·99 
.0·98 

1.00 

1.94 
2.11 
2.01 

2.56 
2.24 
2.24 

1.99 
2.27 
2.06 

1.67 
1.97 
2.01 

1.97 
2.20 
2.11 

2.03 

2.09 
2.04 

2.08 

0.14 
0.21 

0.23 

0.21 

0.25 
0.24 

0.12 
0.18 

0.17 

?·40 

0.23 
0.20 

0.29 
\).3 1 

0.26 

0·42 
0·40 
0·42 

0.29 

0.17 

030 

0.30 

0.23 
.0.3 1 

0.29 

0.29 
0.28 
0.32 

0.36 
0·33 
0,30 
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Fig. 3 

Comparison of increased weight of the seeds of Picea j~zomsis 

after being soaked in various salt solutions for 2 days. 
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From Table 4 it will be seen that the relations bet~eenthe absorption 
of water and kinds and concentrations of salts are not so clear a!i in the 
case of P. G!ehnii. What is the c~use of this unclearness? First of all, 
the difference -of size and weight of seeds between' P. Glehnii and P. jezo­
e1tsis. For exampI, the average weight and size of P. jezoensis seed is 
1.8-2.2 mg and 1.4 x 2.5 mm respectively, but that of P. Glehni~ seed is 
3.5-4.0 mg and 1.9-3.6 mm. Therefore it happened that the difference of 
each average increased weight of ~eed of P. jezomsis by absorption of water 
in various kinds and concentrations of salts is slight, and in extreme in-

, 

, 
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stances, the determirred difference appeared within the limit of e;;'perimental 
errors. 

The works of R{;DOLFS .( 1925), WOLFE (1926) and PRlNGSHElM (1930), 
who used pea, maize, wheat, lupine and soy beans as experimental ma-

. terials, i~dicated clearly the'relations between the differences of absorption 
of water by seed apd kinds and I concentrations 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 P. 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 :z and 
3, electrolytes such as KCI, NaCl, LiCI, 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 MgCI 2 , 

CaCl 2 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 wate. 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 t'hat in a mixed solution of these 
salts the organisms function normally and are not injured. The works of 
OSTERHOUT {1907, 1908), HANSTEEN-CRANNER (1910), KAHHO (1921), HOAG­
LAND (1923. a. b.), LUlmEGARDH and -MORAVEK (1924), and ILJIN (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. Glehmi' and P. jesoe!Zsis. 

Experiment 4 

This experiment was carded out using P. Glelmii and P. jezoensis seeds, 
and the following salts: KCI, NaCl, MgCI~, and CaCI2. The concentration 
of salts was O. I mol, and two salts were mixed in various ratios as 
following: details an'! seen in Table 5. CaClz : KCl, KCl : NaCl, NaCI: 
CaCI 2 , MgCl z : KCl; MgCI2 : NaCl, MgCl z : CaClz. The determination of 
absorbed water by seed was conducted in the. manner described above III 

Experiment 2. Tables 5 and 6 show the data of this experiment. 

Sa]t~ 

H 2 0 

CaC] 2 

Ca(3): K(2) 
Ca(I):K(4) 
Ca(I): K (9) 

'KC] 
K(9): Na (I) 
K(4):Na{I) 
K (2): Na (3) 

NaC] 
·Na(9):Ca(I) 
Na (4): Ca (1) 
Na (2): Ca (3) 

MgC]! 
Mg(9J:K (1) 
Mg(4):K (I) 
Mg(2): K (3) 

Mg(I):Na{9) 
Mg(I):Na(4) 
Mg(3):Na(2) 

.Mg(9) Ca(I) 
Mg(4) Ca(I) 
Mg(2) Ca(3) 

Table 5 

Amount of average increased weight of the seeds of 
P;'cea Glehnzi in mixed salt solutions. 

Average incr.eased 
weight after (mg) 

--~---~------~~~-----

2 days I 4 days I 6 

1.1 

0·9 
1.2 

1·5 
1.0 

0.8 
1.1 

1.4 
1.5 

1,9 
1.2 
1.1 
0,4 

1.2 
1.0 

0·9 
1.1 

1.2 

1.3 
1.0 

0.8 
1.3 
1.0 

1.3 

1.1 
1.3 
1.5 
1.2 

1.[ 

1.4 
1.2 

0.6 

1.5 
1.2 
1.1 

1.4 

1·3 
1.3 
1.2 

1.0 

1·5 
I. I 

days 

1.1 
1.6 
1.5 
1.8 

1.6 

1.2 
1.6 
1·3 

Average 
green 

weight 
of seed 

(nlg) 

2·5 

2·7 
2·9 
2,4 

.1.8 

2.8 
304 
2·9 
3·5 

2·9 
2·.1 
2.1 

2·9 

3.1 
2.2 
3.0 

2.6 

3·5 
2.8 
~·7 

2·3 
2·4 
2.1 

Average increased weight 
per I lllg of seed after (mg) 

~~--:~;~-r-:~ays I 6 days 

0·3 
0·4 
0.6 
0.6 

0·3 
0·5 
0·5 
<;l.I 

0·4 
0·5 
0.6 
0·7 

0·4 
0.6 
0.6 
0.2 

0·5 
0·5 
0·7 
0.8 

• 0·4 
0·5 
0·5 
0·5 

0·4 
0·7 
0.6 
0·3 

0·5 
0.6 
0,4 
0·5 

0.4 
0.6 
0·5 

0·5 
0·7 
0.6 
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Table 6 

Amount of average il)creased weight of the seeds of 
Pice(~ jezoe1tsis in mixed salt solutions. 

I Average increased Average Average increased weight 
I weight after (mg) green per I mg of seed after (mg) I 
I weight 

15 

t 
2 days 

\ 
4 days 16 days 

of seed 
2 days I 4 days I 6 days \ \J11g) I 

1 

H 2 O 0.6. 0·9 1.,2 2·5 0.2 0·4 0·5 

CaCi. 0.6 0.8 l.2 2·5 0.2 0·3 0·5 
CalM: K(2) 0·7 0.8 1.1 2.1 0·3 0·4 0·5 
Ca(I):K(4) 0·4 0·9 1.·1 2·3 0.2 0·4 0·5 
Ca(I): K(9) 0.6 1.1 1.2 2.2 0·3 0·5 0·5 

KCI 1.2 1.2 1.5 2.2 0'5 0·5 0·7 
K(9):Na(l) 0.6 0.8 1.0 2.0 0·3 0·4 0·5 
K(4):Na(I) 0·5 0·5 LI 1.8 0·3 0·3 0.6 
K(2):Na(3) 0·3· 0·5 1.2 2.0 02 0·3 0.6 

NaCl 0-4 0·7 I.j 2.1 0.2 0·3 0·7 
Na (9): Ca (I) 0·7 1.0 1.1 23 0·3 0·4 0·5 
Na(4):Ca(I) 0·5 0·7 1.0. 2·4 0.2 i 03 0·4 
Na(2):Ca(3) I ?·5 0·9 1.1 2·5 0.2 

I 0·4 0·4 

MgCl. 1.1 1.5 1.3 1.8 0.6 08 0·7 
Mg(9): K (I) 0·7 1.2 .1·4 1.9 0-4 0.6 0·7 
Mg(4):K II) 0.6 1.1 

I 
1.3 1.9 0·3 0.6 0·7 

Mg(2):K(3J 0.6 1.0 1,2 1.7 0-4 0.6 0·7 

Mg(9): Na(l) I 0·9 l.p 1.3 2 ' 04 0·4 0.6. .> 
Mg(41:Na(l) 0.6 0.8 1.2 2.0 0·3 0·4 0.6 
Mg(2r: Na(3) 0.8 1.2 1.4 2.2 0·4 0·5 0.6 

Mg(9):Ca(I) 0·7 1.2 1.3 - ? ' _.J 0·3 0·5, 0.6 
Mg(4):Ca(l) 0·7 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 5 and 6 it will be seen that the absorption of water by . 
seeds of P. Gle/mii and P j'ezoe1Zsis is usually more accelerated in the KCl 
solution than in another salt. The accelerating effect of KCI upon the 
absorption of water was observed obviously in both seeds in Exp. 3, and 
KCl was more fovourable to ~bsorption of water than NaCl. The effect 
of NaCI and MgCl z on the absorption of water was nearly the same. 
CaCl z was worst of all in respect to the acceleration of water absorption 
but the retarding effect of CaC] 2 upon the a5sorptiol} of water, as ,observed 
in the case of P. Glc!lI1ii, was not obvious in P jezoensis. The order of 
salts in regard to accelerating the absorptian of water was found as follows: 
KCl>MgCl z>NaCl>CaC]2' As seen in this series KCI and MgCl 2 
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were found to be 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 2 on the absorption of water were less' than, that of KCI,. 
and the more the amount of KCl Was mixed in, the less the effects of 
CaCl2 became. In general, in each mixed salt solution, in the presence 
of CaCI 2 salt the absorption of water was more or less retarded, while in 
the presence of KCl or NaCI 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 KAI-lHO (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 (19°7) 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 th~se ions in changing the 
properties of the seed coat and the seed itself. 

3 Non-electrolyte 

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 action1

\ 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. 

, 

I) DE VRIES (1889), FIT~ING (1917), HonER and STIEGLER (1921), HOFLER and WEBER 

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

Saccharose and seeds of P. Glelmii and P. jezoensis were used. The 

'method of determinatio.n of increased weight of seed and other experimental 

methods of Experiments 5-8 were the same. as in Experi!I1ent 2. The 

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

Fig 4. 

Concent-
ration 

of 

Table 7 

Amount of average increased weight of the seeds of Picea 

Glelmii in saccharose solution. . Temp. 20°C 

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

I) Sep. 12. I 940-Sep. 20. 1940. 

Average increased Average Average increased weight 
weight after (mg) green per 1 m~ of seed (mg) after 

weight 
saccharose 

2 days /4 days /6 days /8 days 
of one 

2 days /4 days 
/ 

6 days / 8 days (mol) seed(mg) 

I 0.38 0.64 

I 

, 
0.18 1.00 - - 3·53 O.ll - -

I 
0.80 I 0·94 0.98 - - 3·57 0.26 0.27 - -

I 
0.60 0.84 0.96 - - 2.87 029 0·33 - -
0.451) 0.56 0·79 1.03 l.io 2.86 0.20 0.28 0.36 0.38 

0·40 0·93 1.20 - - 3.13 0.3 1 0.38 - -
0.401) 0.86 1.04 1.21 1.44 2·93 0.29 035 0.41 0·49 

0·351) 0.86 1.07 1.15 1.20 2·99 0.29 0.36 038 0.40 

I 
0.20 1.04 I.17 - - 3·34 I 0.3 1 0·35 - -
0.10 090 1.27 - - 4.01 0,22 0.32 - -
0.02 1.05 130 - - 3.89 0.27 0·33 - -
0.01 1.14 1.36 - - 4.0 7 0.28 0·33 - -

. 
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Table 8 

Amount of average increased weight of the seeds of Picea 
jezoensis in saccharose solutioo. Temp. 20°C 

Duration of experiment: Jan. 1 I-Feb.' 20. 1940. 

I) Sep. 12. 194o-Sep. 20. 1940. 

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

of weight 

~(~~~~~~_ 2 days 1.4 days 1~ __ dayS I_~_ d~~ S_~_:d._(_~_~_)-,--2_d_a_ys __ I~~:YS_l6~:~s_I.8_da.yS __ 

::1 1.00 

0.80 0.60 

0.60 0.29 033 

0.83 

0·93 1.01 

0·30 0.60 1.06 

0.25 0.83 1.13 1.23 

0.20 0.86 

0.10 

0.02 0.73 

0.01 I 0.85 1.03 

2.00 

2.26 

1.06 

1.00 

1.20 

2.01 

• 2.10 

1.93 

2.03 

0.23 

0.19 

0.13 

0.25 

0.38 

0·35 

0.27 

0.30 

0.27 

0·32 

0.26 

0.15 

0·55 

0.78 

The results of Experiment 5 (Table 7) show that the -:increasing of 
. weight of seeds laid on the moistened filter paper with s~ccharose solution 
of higher concentrations th~n 0.4 mol is less than in the solution of lower 
concentrations. In general, the higher the concentration of saccharose the 
less the increase of seed weight became. In other words, the absorption 
of water by the seeds in the saccharose solution of lower cpncentrations 
is larger than in the solution of higher conccnti"ations. Such a tendency 

..as stated above is the same in both. seeds, p'. Gle/mii and P. jezoensis: 

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 saccharo;;e and suction 
force of seedlings. 

't:J 
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Fig. 4 

Comparison of increased weight of 'the seeds of Picea Glehnii and 
Picea jesomsis after being soaked in ~aC(lhaF()se solution 

of various cancentrations for 2 ot 4 days . 
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Experiment 6 

Glycerine and seeds of P. Glehnii and P. jezof1lsis were used. Results 
are shown in Tables 9 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 9 

Amount of avel;age incre.ased weight of the seeds of Pieea 
Gtc/mii in glycerine solution.. Temp. 20°C. 

Duration of experiment: Jan.25-F~b. 2. 1940. 
I) Feb. 24-Mar. 3. 1940. 

con~ent-I Average increased l';verage Average increased weight 
ratIOn weight after (mg) green per I mg of &eed (mg) after 

of weight 

days 1'4 days 1 6 days /8 days 14 days 1 6 days 18 days 
glycerine I days 

of one 
(mol) 2 seed(mg) 2 

1.30 

1.20 . 
1.10 

1.00 

1.001) 

0.80 

0.60 

0-40 

0.20 

0.101) 

0.011) 

H 2O 

·Concent· 
ration 

of 
glycerine 

(mol) 

1.30 

1.20 

I 
098 I 122 I 1.50 1·70 

\ 

3·11 0.32 0·39\ 0.48 

0.83 I i 
2.63 0·97 1.13 1.13 I 0.32 0·37 0·43 

I 

I 
I 1.16 I 

2.83 046 I 0·94 
i 

1.30 1.40 0·33 0.41 

0·91 i 1.16 ! 1.08 I.I6 

I 
3.29 0.28 0·35 0·33 

i 
! 

1.10 1.30 
I - - 3·73 '-0.29 ?·35 -

1.0 9 I.IO ! 1.22 -
! 

3-47 0.31 .0.32 0·35 

0·97 1.14 1.40 - , 
3.89 0.25 0.29 0.36 I 

, I , 
I 

i 1.07 1.19 1.40 - .' 3.64- 0.29 0·33 0.38 
i 

! 
I 

3.89 I 0.81 1.30 1.35 -
I 

0.21 0·33 0·35 
, 

1.19 1.39 - - 3.66 0.32 0.38 -

I 
I 

I 
1.29 1.43 - I - 3.30 0·39 0·43 -

I 1.26 
I 

1.43 I - -
I 

3.56 0·35 0.40 -

Table 10 

Amount of ayerage in~reased ~eight of the seeds of Pieea 
jezoensis in glycerine solution. Temp. 20°C. 

Duration of experiment: Jan. 26-Feb. 3. 1940. 

I) Feb. 24-Mar. 3. 1940. 

" 

0·55 

0.43 

0·49 

0·35 

-
-
-
-
-
-
-
-. 

Average increased Average Average increased weight 
weight after (mg) green per I mg of seed (mg) after 

2 days 14 days i 6 days 1 8 

weight 

days 14 days 16 days \ 8 days days 
of one 

seed(mg) 2 

0·40 070 0.85 1.00 2.09 0.19 0·33 0.41 0·48 

0·54 0.86 0·73 0.80 2·07 0.26 0·42 0,35 0·39 

• 
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Table 10 (Continued) 

Concent- Average increased Average Average increased weight 
ration weight alter (mg) green per 1 mg of seed (mg) after 

of 

2 days 14 days 1 6 days 18 

weight 

2 days 14 d~ys /6 days 18 days 
glycerine days of one 

(0101) seed(mg) 

1-.10 0.40 0.61 0·48 0.60 1.74 0.23 0·35 0.28 0·34 

[,00 0.63 1.08 0·93 1.00 1.81 0-35 0.60 0:51 0·55 

1.001) 0.60 0·75 - - 1.90 0.31 0·39 - -
0.80 0.70 0-73 0.88 - 2.21 

, 
0·32 0·33 0·40 -

0.60 0.60 0.68 0.78 '-'- :l.46· 0.24 0.28 0.32 -
0.40 0·71 0.88 0·98 - 2.17 0·33 0·41 0·45, -
0.20 0.70 0.76 0.88 - 2.19 0.32 0·35 040 -
0.(01) 0.91 1.06 - - 1.86 0·48 0·57 - -
0.0(1) 0.6(; 0.78 - - 2.26 0.29 0·35 - -
H 2O 0·70 0·74 - - 2.19 0.3 1 0·33 - -

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.1> According to FITTING (1919) the con­
centration of glycerine at incipient plasmolysis is larger than that of 
..,accharose, 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 role on the germination of 
seed will' be reported at a later chapter of this paper. 

• 
I) KLEBI> (1887), DR VRIES (1888), FITTING (1919), BXRLUND (1929), SCHMIDT (1936), KREUZ 

(1941). 

• 



%2 

I·SO 

1.40 

1·30 

1.20 

1.10 

11 
1.00 .. 

Ul ... 0·90 
0 

:c 0.80 b,O 

.~ 

.., 0·70 

~ 
~ 0.60 
.:: .... 

0.50 

040 

0.30 

0.20 

0.10 

SENNOSUltf;, Y Al\IAOUCHI 
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. Comparison of increaslld weight of the seeds of Pic~a GlenHii and 

Pic~a j~zomsis 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. Glehn# and P. jezoenst's were ~sed. The results 
are shown in Tables I I and I:J and Fig. 6. 

The results shown in Table I I and Fig. 6 indicate that the increasing 
of seed weight of P. Gleltnt'i in urea sOlutions of higher concentrations was 
decidedly superior to that in the solutions of lowe£ concentrations. This 
case differs gr~atly from that of saccharose. The divergence between the 
results of urea experiment and those of s~ccharose experiment may depend, 

• 
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Table II 

Amount of average increased weight of the seeds of Pieca 
Glelmii In urea Solution. Temp. zooC. 

Duration of experiment: Jan. 10-Jan. 16. 1940. 

Concentration Average increased weight 
Average Average increased weight 

after (mg) ±O.I per I mg of seed after (mg) 
of urea 

I 
weight of one 

.\ (mol) 2 days 4 days seed (mg) ;Z ,days 4 days 

1.00 0.88 1.47 3·59 0.25 041 , 

0.80 1.06 1.26 3.02 0·35 0·42 

0.60 1.20 1.33 3·24 0·37 0.41 

0·40 1.00 I.16 3.71 0.27 o.ji 

0.20 1·34 1·34 3·97 0·34 0.3>4 

0.10 9.87 1.12 4.03 0.22 0.28 

0.02 0·55 0.83 3·79 0.15 0.22 

Table 12 

Amount of average increased weight of the seeds of Fleca' 
jczocnsis in urea solution. Temp. 20°C. 

Duration of experiment: Jan. 10-Jan. 16. 1940. 

Concentration Average increased -.yelght 
Average Avernge increased weight 

after (mg) ±O.I per I mg of seed after (mg) 
of urea 

I 
weight of olle 

I (mol) 2 days 4 days 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 0·44 0.48 

0.60 ~.76 0.84 2.20 0·J5 0.3S 

O·4~ O·S£> 1.00 2.14 0.2& 0-4'1 

0.26 0.66 1.1-4 2.07 0.32 0·55 

0.10 0.56 0.63 1.87 0.30 0·34 

0.02 0.78 0.96 2.00 0·39 0.48 

.. 
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Fig. 6 

Comparison of increased weight of the seeds of Picea Gldl1ii and 
Piaa j~zoensis after being soaked in urea 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 permeates1

) very easily through the plasma membrane pf plant 
celIs. . This fact can be demonstrated by the deplasmoiytic 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 

I) DE VRIES (1889), [FITTING (1917), HOFLER and STIEGLER (1921), HOFLER and WEBER 

(1926), YAMAGUCHI (1930WHoFLER (1934), WAHRY (1936), HElM (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 playa 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. B'ut, these phenomena were 'not 
recognized, so c1ea,r1y with the seeds of P. jezoensis as with those of P. 
Gle/mii (Table 12). Possibly it happened because of the' sma:!l size and 
weight of the seed of P. jezoC1lsis as pointed out already in this paper. 

Experiment 8 
\ 

Alcohol and seeds of P. Glehnii and P jezoensl~ were used. Results 
are shown in Tables 13 and 14 and Fig. 7. 

Table 13 

Amount of average:' increased weight of the seeds of Pieea 
Gle/mit' in alcohol solution, Temp. 20°C. 

Duration of experiment: Mar, 16-12. 1940. . . 
Concentration 

of alcohol 

Average increased Average. I Average increased weight 
weight after Img) I weight of '1 per I mg of seed after (mg) 

% 2 days 4 days i seed (mg) I 2 days 4 days 
-----+--------,--- --~---~'---

1.40 I 3·45 1.00, 

0·99 
0.9 1 

1.01 

1.14 i 3.29 
1.06 I 3,54 
1.07 I 3·34 ' 

Table 14 

0.29 
0.30 
0.26 
0.30 

0.30 

0.32 

Amount of average increased weight of the seeds of Pieea 
jezoeusis 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 (mg) 
-

% 2 days I 4 days seed (mg) 2 days I 4 days 

H.O 0.40 0.56 2.20 0.18 0.25 
I 0-40 0.52 2.19 0.18 0.24 
5 0.30 0·45 2.46 0.12 0.18 

10 0·47 0·57 2.17 0.22 0.26 
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Fig. 7 
Comparison of increased weight of the seeds 
o( Picta Glt!imi and Pian jezomsis after 
being soaked in alcohol solutions of Yarious 
concentrations for 2 or 4 days. 
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The results of Exp. 8 showed 
no increase. of the weight of seeds 
which were laid on the filter paper 
moistened with alcohol solution of 
various concentrations. From these 
results the question arises whether 
alcohol is· or is not beneficial for the . 
absorption of water complicated by 
the fact that alcohol. itself is very 
absorbable by seed. In the latter 
case the specific gravity of alcohol 
is rellponsible for the decreasing of 
seed weight owing to the increasing 
of alcohol percentage, because the 
specific gravity of alcohol solution is 
decreased in accordance with the in­
creasing of the weight of alcohol in 
~Icohol·solution. In consequence of 
this one, or two processes, a decreas­
ing of seed weight may result, be­
cause of the special permeability of 
alcohol 'for plant cells as reported 
by TOIVONEN (1934) and RUHLAND, 
ULlUCH and, ENDO (1938). Further 
co(}siderations on these problems will 
be presented in a later part of the 
present paper. 

4: Hydrogen.ion concentration 

Since the fundamental works of SORENSEN (1909), MICHAELIS (1909), 
SMALLS (1929) and others were published it has been ascertai~ed that the 
concentration of hydrogen-ions. is one of the important factors in the re­
gul,ation 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 concentrati9.n may play also an important 
role. Experiment 9-14 were intended to see how the hydrogen-ion con­
<;entration 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 inorganiC. sodium 
phosphate mixture, perhaps, is the most 'favourable one for biological studies. 

/ Loo (193 I) made the foI1owing statements about it; firstly it is not toxic' 
to living cells as. pBthalate.or acetate are; secondly, both the cation and 
anion are poorly .absorbed by the p}ant .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 tolcrrable buffer power 
.at comparatively low concentrations and therefore is very suitable for the 
present purpose. SAKAMURA (1930 a, b) and YAMAGUC.I:II (19.29), also, used 
-this· phosphate mixture in their biological studies. For these t:easons, a 
sodium phosphate mixture was employed in the present .study. As stock 
solutions, M/5 HgP04 (MERCK:S guaranteed reagent), M/5 NaH2 P04 (TA­
KEDA extra pure) and M/5 Na 2 HP04 (TAKEDA pro analysis) were prepared; 
a fixed amount of them was taken with burette and diluted to secure the 
required pH-va:lue~ 

Experiment .9 

In the present experiment the concentration of phosphate mixture was 
M / 5. The quantity of phosphate in the phosphate mixture of various pH­
values was constant, ~nd they were mixed in the folIowing proportions. 

.. 

I 
pH MIs MIS MIs Obtained 

series H.PO, cc. NaH,PO. ce. Na.HPO. ee. pH 

3.0 10 9 0 .0 0 3.~ 

4.0 1.0 99.0 0 4.0 

5.0 0 97.0 3.0 5.0 

6.0 0 70 .0 30 .0 6.0 

7·0 0 24.0 7 6 •0 .7.0 

8.0 0 2.0 9 8 .0 8.0 

9·0 0 0 100 8.8 

Results are shown in Tables 15 and 16. 
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pH 

H:O 
3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

8.8 
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. Table .I S 

Amount of average increased weight of the seeds of Picea 
G!ehl1ii in different pH-value solutions. P04 -C,l) M!S.2) 

Duration of experiment: Dec. 1-6. 1941. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of seed after (mg) 

weight of 
I 

I 
one seed 

).4 days ) 
2 days I 4 days 6 days (mg) 2 days 6 days 

I 
0., 0.9 1·4 4.0 0.2 0.2 0·4 

0·5 0.9 1·4 3·3 0.1 0.2 0·4 

0.6 1.1 1·4 3.8 0.2 0·3 0·4 

0·5 0.8 1.0 3·5 0.1 0.2 0·3 

0.8 1.1 1.1 3.6 0.2 0·3 0·3 

0·7 1.1 104 3·9 0.2 0·3 0-4 

<;1·7 0·9 1·4 3·5 0.2 0·3 0-4 

0·9 1.2 1·3 3·9 0.2 0·3 0·3 

I). Quantity of phosphate in phosphate.mixture solution of vaclous pH·value is uniform. 
2) Concentration of phosphate mixture. . 

pH 

H 2O 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

8.8 I 
I 

Table 16 

Amount of average incr~ased weight of the seeds of Picea 
jezoel1sis in different pH-value solutions. P04 -C, Mis. 

Duration of experiment: Dec. 1 -6. 1941. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of seed after (mg) 

I I 
weight of 

I I 2 days 4 days 6 days 
one seed 

2 days 4 days 6 days (nlg) 

0·5 0·9 1.1 2.4 02 0.4 '0·5 

0·9 1.2 I.J 1·9 0·5 0.6 0.7 

1.2 1.6 1·7 1.6 0.8 1.0 1.0 

0·4 0.6 0.8 2-5 0.2 0.2 0·3 

0.6 0·7 1.0 2.2 0'3 0·3 0·5 
0.6 0·7 1.0 2.1 0·3 0·3 0.5' 

0.6 0.9 1.2 2·4 0·3 0·4 0·5 

0.8 0·9 0·9 2.6 0·3 0·3 0·3 
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Experiment 10 

In the present experiment the concentration of phosphate mixture was 
MilO. The quantity of phosphate in buffer sol~tions of vSlJiouspH~values 
was uniform. Resufts are shown in Tables 17 and 18. 

pH 

3.0 

4.0 

5.2 

5·9 
6.8 

7·9 
8.6 

pH 

3.0 

4.0 

5.2 

5·9 
6.8 

7·9 
8.6 

Table 17 

Amount of average increased weight of the seeds of Picea 
Gle!tnii in ~ifferentpH-value solutions. P04 -C, M!IO. 

Duration of experiment: Feb. 22"':'28. 194L 

Average increased weight Average Average increased weight 
after (mg) . green per I rug of seed after (n\g) 

weight of. 

2 days I 4 days I 6 days 
one seed' 

2 ,days I 4 days I 6 days (mg) 

I I 0·5 0·7 
I 

1.1 3.7 0.1 0.2 

I 
0·3 

0.6 0.8 1,1 3·7 0.2 0.2 0·3 

0.6 I 1.0 4.2 0.1 0.1 I 0.2 0·3 

I 
I 

0.7 1.0 1.1 3.8 0.2 0·3 I 0·3 

0.8 
I 

0·9 

I 
0·9 3·7 0.2 0.2 0.2 

0·3 0·5 0.6 3·5 0.1 0.1 0.2 

0·5 0·7 I 1.1 3-4 0.1 0.2 0·3 
1 

Table 18 

Amount of average increased weight of the seeds of Picea 
jez(lensis in different pH-value solutions. P04 -C, MIlO. 

Duration of experiment: Feb. 22-28. 1940. . 
-

Average increased weiI:ht Average Average increaied weight 
after (mg) green per I mg of seed after (mg) 

weight of 

2 days I 4 days, 
I 

6 'days 
• one seed 

2 days I I 6 days (mg) 4 days 

0.4 0·5 0.6 2.0 0.2 0·3 

.1 
0·3 

0·4 0·4 0.6 . 2·7 0.1 0.1 0.2 

0.2 0.6 0.8 2.6 0.[ 0.2 0·3 

0·3 0·4 0·9 2·5 0.1 0.2 0·4 . 

0.2 0·3 0.6 1.8 0.1 0.2 0·3 

0.6 0·7 0·7 2.8 0.2 0·3 0·3 

0·5 c.8 c·7 2.2 0.2 0·4 0·3 



Experiment 11 

In the present experimel1t the concentration. of phosphate was MJ2S. 
The quantity of phosphate in buffer solutions af various. pH-values was 
uniform. Results are shown in' Tables 19 'aDd ZO~ 

pH 

3.1. 

4-0 
5. 1 • 

6.0 

6.8 

8.0 

8·5 

pH 

3.1 

4.6 

5. 1 

6.0 

6.1$ 

80 

8·5 

Table 19 

Amount of average increased weight of the seeds of Picea 
Gleltnii. in di{ferent pH-value solutions. P~-C, M/zS­

Duration .of experiment: Feb. 27-Mat~ 4. 1941. 

AVerage increased weight Average AvcJage increased weight 
. after (mg) green per I mg of seed after Img~ 

weight of 

2 daY!i I 4 days: 6 days 
one seed 

2 days 4 days 6 days (niiO 

1.2 1.4 1.6 3-3 0.4 0·4 0·5 
o.!} 0·9 1·3 3·5 0.3 0·3 0 .... 

0·9 1.1 1·7 3D 0·3 0·3· 0.-5 
1.2 1·3 1·5 3·3 0'4; 0·4 0·5 
0.6 /0.6 1.0 4.0 0.2 0.2 o.J 
0.6 1.0 1·3 3·9 0.2. . 0·3 0·3" 

r 
1.0 0.9 I 1.1 37 0·3" 0.2 0·3 

, 
Table 20 

Amount of average increased weight of the seeds of PiCM 
jtzoeJlsis in different pH-value solutions. P04 -:-C, M/25. 

Duration of exp~riment: Feb. 27-Mal;. 4· 1941. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of seed after (mg) 

I I 
weight of 

I ·1 
2 days 4 days 6 days 

one seed 
2-days 4 days 6 days (mg) 

0.8 

I 
1.0 1.2 2.2 0·4 0·5 0·5 

,0·4 0·5 1.1 . 2.0 0.2 0·3 0·5 
I 

0·4 I 0·5 0·9 2·5 0.2 o . .z 0·4 

0.6 

I 
0.8 1·5 2·3 0·3 0·3 0·7 

0.6 0.6 1.2 2.1 0·3 0·3 . 0.6 . 

0·7 I 08 1·3 2.2 0.3 0,4 0.6 

0.6 I 0·7 0·9 2·9 { 0.2 0.2 0·3 
I I 
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Experiment 12 

In the present experiment the concentration af phosphate mixture was 
M/so. The qu~ntity of phosphate in buffer solution WllS uniform. Results 
are shown in Tables 21 and 22. 

pH 

z.? 

4.2 

5. 1 

6.0 

7·0 
8.0 

8.6 

pH 

2·9 

4·2 

5.1 . 

6.0 

7·0 

.8.0 

8.6 

Table 21 

Amount of average increased weight of tI1e seeds or Picea 
C/e!l1lii in different pH-value Sollotions. PO.-C, M/so. 

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

Average increased weight Average Average illcreased weight 
after (llIg). green per I mg of seed after (IDgJ 

weight of 

2 days 
I· 

4 days 
1 

6 days 
one seed 

2 days l 4 days I, ~ days (mg) 

I 

I 0·5 1.0 1.1 I 
3·9 0.1 0·3 C1.3 

I 
0.8 0·9. 0·9 3.2 I 0·3 0·3 9·3 

1.0 1·3 
. 

1·7 3.8 i 0·3 0·3 0·4 

0.9 I 1.1 1·3 I 4·4 I '0.2 0·3 0·3 

0·9 i 1.1 1·3 3·9 I 0.2 0·3 0·3 
0.8 i 1.0 1.1 3.2 I 0·3 0·3 0·3 

i 
0·5 I 

1.0 . 1.1 4.0 I 0.1 0·3 0·3 i ! i 

Table 22 

Amount of average increased weight df the seeds of Picea 
/ezoe1lsis in different pH-value solutions. PO,cC, Miso. 

Duration of experiment: Jan. 12-17. 194t. 
, 

Average increased weight Average Average increased weight 
after (mg) green per Img of seed after (mg) 

weight of 

I I one seed I 
. 
I 2 days 4 days 6 days (mg) 2 days 4 days 6 days 

I 
0·3 0·5 0·7 2·4 0.1 0.2 

1 

0·3 

0·4 0.6 0·9 2·5 0.2 0.2 0·4 

1.0 1.1 1·3 2·3 0·4 0·5 0.6 

0·5 0·7 0·7 2.6 0.2 0·3 0·3 

0.2 0·5 0·7· 2·5 0.1 0.2 0·3 

0·7 0.8 1.1 _ 2'3 0·3 0·3 0·5 

0·4 . 0.6 0·7 2'3 0.2 0·3 0·3 
I 

. 

• 
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From the data obtained in the experiment with P Glehllii (Tables 15, 
17, 19 and 2 I) 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. 
Gte/mii 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 concentrati'ons of phosphate mixture. That is, in the 
phosphate mixture of M/5 concentration, the maximum zone was pH 3.8-40, 
but in the phosphate mixture of M!z5 and M/50 concentrations, the 
maximum point or zone was at pH 5.0. This differenc,e 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 Pje.zoensis 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. Gte/mii. But the maximum 
points of the absorption of water by seeds of P jezoensis differ more or 
less from the some of P Gte/mii. Loo (1931) studied the problem of 
absorption of ammonia and nitrate 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 absorption 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 betaken into co_nsideration. 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 Gtehlli£ and P. jezoeT1sis was better 
'in the acidic side than in the alkaline side. 

Experiment 13 

In the present experiment the concentration of phosphate mixture was 
l\!is. 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 

M/5 
lnixture 

I 
11'1/50 

series I M/5 I M/5 cc. ce. MIs 
~3P04 NaH.PO. ~a2HPO. 

ce. I ec. cc. 

3.0 8.0 90 •0 - 0 100 0 3.0 ·1 3.0 . 
.4.0 1.0 99.0 0 95.2 4.8 4.0 4·0 

5.0 0 97.0 3.0 86.9 13·1 5.0 5.0 

6.0 0 70.0 30.0 72.5 27·5 6.0 6.0 

7.0 0 24.0 76.0 53-5 4 6.5 6,9 6.8 

8.0 0 2.0 99.0 47·4 52.6 7·7 7·6 

9.0 0 0 100.0 47.2 52.8 8.9 8,4 . 
-"'------"=:=-=::-.~-~::::=-=-==~....:::::--- -- .. . 

pI[ 

3.0 

4.0 

5.1 

6.0 

6·9 

7·7 

8.9 

Results are shown III Tables 23 and 24. 

Table 23 

Amount of average increased weight of the seeds of Picea 

Gle/mii in different pH-value solutions. Na-C\ M/S. 
Duration of experiment: Feb. 10-15. 1941. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of seed after (mg) 

I 
weight of 

I 2 days 4 days 
\ 

6 days one seed 2 days 
\ 

4 days 6 days 
I 

(mg) 

0.8 1.6 1.6 3.8 0.2 0·4 0·4 

0·7 1.1 1·4 3.6 0.2 0·3 0·4 

o,!! 14 1.8 3.7 0.2 0,4 0·5 

0.8 1·3 1·5 3-7 0.2 0.4 0·4 

1'3 1·5 1·9 3·2 0·4 0·5 0.6 

0.6 1.4 1.6 3·5 0.2 0·4 0·5 

0·5 1·7 2.[ 3·7 0.1 0·5 0.6 

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

33 
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3.0 

4.0 

5.1 

6.0 

6.9 

7·7 

8·9 

Table 24 
" 

Amount of average increased weight of the seeds of Picea 
jezocnsis in different pH-value solutions. Na-C, Mis. 

Duration of experiment: Jan. 12-17. 1941. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of sted after (mg) 

I I 

weight of . 

I I 2 days 4 days 6 days one seed 
2 days 4 days 6 days (mg) 

0.9 0·9 1.0 34 0.3 0·3 03 

0·7 0.8 1.0 2.2 0·3 0·4 0·5 

0·7 0.8 1.1 2.6 0·3 0·3 0.4 

0·5 0.6 0.8 2·5 0.2 0.2 0·3 

0.8 0·9 1.0 2·5 p·3 0·4 0·4' 

0.8 0·9 1.0 2.6 0·3 0·3 0·4 

1.0 1.2 1·3 2.8 0.4 0.4 Q,5 

Experiment 14 

In the present experiment the concentration of phosphate mixture 
M/so. The quantity of sodium in phosphate mixture of various pH-values 
was uniform. Results are shown in Tables 2S and 26. 

pH 

3.0 

4 0 

5.0 

6.0 

6.8 

7·6 

8·4 

Table 25 

Amount' of average· increased weight of the seeds of Picea 
Glelt;zii in different pH~value solutions. Na-C, M!so. 

Duration of experiment: Feb. 10-15. 1941. 

Average increased weight 
, after (mg) 

Average Average increased weight 
green per I mg of seed after (mg) 

I I 
weight of 

I I 2 days 4 days 6 days one seed 2 days 4 days 6 days , (mg) 

0·5 1.1 2.0 3.1 0.2 0·4 0.6 
/ 

0.8. 1.6 1.8 3-9 0.2 0 .. 3 0·5 

0.7 1.1 1.4 3·3 0.2 0·3 ,0·4 

0.8 1.1 1.5 3.8 0.2 0·3 0.4 

0·9 1.2 1.8 3 8 0.2 0 0·5 . 
0.8 1·3 1·7 H 0.2 0-4 0.6 

.0·9 1.0 1·3 3.1 0·3 0·3 0.4 . 



pH 

3.0 

4.0 

5.0 

6.0 

6.8 

7·6 
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Table 26 

Amount of average increased weight of the seeds of Pice a 
jezomsis in different pH"value solutions. Na-C, M/so. 

Duration of experiment: Jan. z8-Feb. 2. 1941. 

Average increased weight Average . Avemge increased weight 
after (rug) green per I rug of seed after (rug) 

I I 
weight of 

I I 
2 days 4 days 6 days one seed 2 days 4 days 6 days (rug) 

0-4 0·7 0·9 2·3 o.~ 0·3 0·4 

0·5 0·7 0.8 2.2 0.2 0·3 0·4 . 
0·5 0·7 0.8 2·3 0.2 0·3 0·3 

0·7 0.8 1.1 3.1 0.2 0·3 0·4 

0·3 0.6 0·7 2·3 0.1 0·3 ., 0·3 
0.6 0.7 0.8 2·5 0.2 0·3 0·3 

0·7 1.1 1.1 2.2 0·3 0·5 0·5 

35 

The favourable pH -range for absorption of water by seeds of P. Glehnii 
was pH 5.1 to 6,9 in phosphate mixture of Mis concentration, but in the 
phosphate mixture of Miso concentration the pH-range was between 5.6-6.0. 
In both phosphate solutions of Mis and Miso 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 Mlso 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 th!,! 
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 
~ay be taken into consideratipn as a probable cause. 

5 Temperature 

Experiment 15 

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 influe·nces of temperature 
on the absorption of water by seeds of P. Gleltnii and P. jezoensis. The 
experimental methods were the same as ,in Exp. 2. Results are shown 
in Tables 27 and 28. 

Tem-
perature 

10°C 

20'C 

30°C 

33°C. 

40°C 

Tern·' 
perature 

IDoe 

20°C 

30°C 

33°C 

40°C 

Table 27 

Amount of average inc:::reased weight of the seeds of Pieea 
Glehnii as influenced by various temperature. 
Duration of experiment: Dec. 12-17. 1940. 

Average increased weight Average Average increased weight 
after (mg) green per I mg of seep' after (mg) 

.weighf 

I I 
of seed 

I I 
2 daJ:.s 4 days 6 days (mg) 2 days 4 days 6 days 

1.0 1.4 1.8 3. 1 0·3 0·5 0.6 
• 

0·9 1.0 1.6 3·7 0.2 0·3 0·4 

1.1 1.1 1·5 3·9 0·3 0·3 0·4 

0.8 1.0 I . .z 3·4 0.2 0·3 0·4 

1.0 1.2 1-4 3.6 0·3 0·3 0-4 

Table 28 

Amount of average increased weight of the seeds of Pieea 
jezoensis. as. influenced by various temperatures. 

Duration of experiment : Dec. 13-18. 1940. 

Average increased weight ~verage Average increased weight 
after (rng) green per I mg of seed after (Ibg) 

I I 

weight 

\ I 
of seed 

2 days 4 days 6· days (mg) 2 days 4·days 6 days 

• \ 

0·5 0.6 1.0 i·9 0·3 0·3 0·5 
" 

0·4 0·5 0.8 
; 

1·4 0·3 0·4 0.6 

0·4 0·7 1.0 1·9 0.2 0·4 0·5 

0·4 <;l·5 0·9 1.8 0.2 0·3 0·5 

1.0 I 1.3 1·3 1.4 0·7 0·9 0·9 

." 
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Table 27 shows th~t the absorption of water at 40°C is less than at 
other terpperqtures, that is, at the lower temperature the absorptioq, of 
water became much greater than at~igher .temperatures. ,But Table 28 
sQows that the absorption of water <l:t 40°C is>greater than at lower tem­
peratures, for example, the absorption of water at 2QoC was less than at 
40°C. The res'ults with seeds of P. Glehnii.did not agree ~ith those 'of 
P. jezoensis in the relations to the temperature. The absorptl0n of water 
by the latte~ 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,(I912) studied the rate of intake of water 
by . barley grail1s 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. SHULL (1920), and SHULL and SHULL, S. P. (1924), 
however, found'another mean value of temperature "Coefficient. But the 'result 
of the present investigations did not show a positive temperature coefficient 
as reported by BROWN 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. Trese results suggest the probability 
of the unfavourable or favourable influences of electrolytes or non-electro­
lytes on the absorption of w~ter, in consequence, on the germination of 
seeds. Therefore, the absorption of water by seeds is intim<;ltely related 
to their swelling, and, in consequence, the process of germination, swelling 
of s~ed and the absorption of water are closely conne€ted with each other. 
The following Experiments 16-18 were intended to investigate the relation 
between the swelling of seeds of P. Gte/mii 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. I. (Fig. 1. 

a. b.). After thus prepared PETRI-dish had been kept in the thermostat 
of 20°C for a definite num~er 'of days the seeds were removed on another 
slide glass one by one. Then the largest length and largest width of 
every seed were measured using objective micrometer under a microscope. 
wi~h an objective of 8 X and 'an ocular of 4 X. 

1 Electrolyte 

KCI, NaCI, LiCI, NH.CI, CaC1 2 , MgCl z, BaC1 2 , and AICl s were 
used as electrolytes. 

Experiment 16 

The results of this experiment are shown In Tables 29 and 30. 

Salts 

KCl 

NaCl 

LiCI 

NH,Cl 

Table 29 

Average swelling of the seeds of Picea Gleltnii 
in various. salt solutions. 

Duration of experiment: Sept. 2o-Dec. 15· 1940 . 

Concimt- Initial Increased length and width 

ration length of the seeds after 0.02 mm 
Direction and width 

I I (mol) ±0.02mm I day 4 d~ys 7 days 

0.1 Length 3.52 0.07 0.,0 0.10 
Width 1.92 . 0.03 0.07 0.08 

Length 3-45 0.07 0.07 0.08 
0·5 Width 1.72 0.03 0.08 o.o~ 

0.1 Length 3.80 0,05 0.07 0.22 
Width 1.85 0.07 0.10 0.10 

0·5 
Length 3·57 0.10 0.10 0.10 
Width 1.68 0'08 0.12 0.12 

0.1 

I 
Length 3.52 

I 
0.05 0·(3 0.13 

Wi9th 1·77 0.03 0. oS 0.13 

I 
I 

0·5 
Length 3-35 

I 
0.05 0.03 0.10 

Width 1.62 0.05 0.07 0.10 

0.1 I 
Length 3·57 I 0.07 0.08 0.17 
Width 1.70 0.08 0.13 (>.IS 

I I 
0·5 

Length 3.62 005 0.10 0.13 
. Width 1.67 0.05 0.08 0.13 

Percentage 
0 

increased 
length and 

width . 

I 
3 
4 

I 

z· 
5 

6 
5 

I 3 
7 

I 

4 
8 

3 
6 

5 
9 

4 . 8 



Sa ts 
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MgCl! 

BaCI! 

AlCl. 

Salts 

KCl 
~ 

NuCI 
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TabJe 29 (Continued) 

Concent- Initial Increased length and width 

ration length of the seeds after 0.02 mm 
Direction and width 

l I (mol) ±0.02mm I day 4 days 7 days 

0.1 Length 3.60 003 0.03 0.10 
Width 1.78 0.05 0.05 0.13 

0'5 
Length 3.27 0.07 0.12 0.12 
Wi,lIh 1.63 0.05 0.10 0.15 

0.1 Length 3.60 0.03 0.0; 0.10 
Width 1.80 005 0.13 0.13 

0·5 
Length 3·45 0.03 0.10 0.10 
Width 1.72 0.05 0.08 0.08 

0.1 Length 3.50 0.07 0.15 0.15 
Width 1.85 a 0.08 0.10 

0·5 
Length 3-75 0.02 0.02 0.07 
Width 1·77 a 005 0.10 

0.1 Length 3.80 0.08 0.17 . 

I 
0.17 

Width l.75 0.03 0.10 0.13 

0·5 
Length 3.72 0.05 0.10 

I 
0.12 

Width 1.90 0.03 0.08 0.08 

Table 30 

Average swelling of the seeds of Picea jezoensis 
in various salt solutions . 

. Duration of experiment: Sept. 2o-Dec. 15 . .1940. 

, 
Increased length and width Concent· Initial 

ration length of the seeds .after 0.02 mm 
Direction and width 

I I 
(mol) ±0.02m'm I day 4 days 7 days 

I 
. 

o.oS I.ength 2.67 0.0:; 0.07 0.1 Wiclth 1.57 6.10 0.10 0.12 

Length 2·78 0.07 0.08 0.12 
05 Width 1.62 a 0.07 0.08 

Length 2.61; 0.03 0.07 0.08 
0.1 Width 1.52 0.07 0.12 0.12 

I 
Length 2·57 0.07 0.10 0.10 

0·5 Width 1·47 0.08 0.08 0.12 

39 

Percentage 
of 

increased 
length and 

width 

3 
7 

3 
10 

~ 

7 

3 
5 

4 
6 

2 
6 

5 
3 

3 
5 

Percentage 
of 

increased 
length and 

width 

3 
7 

4 
5 

3 
8 

4 
8 
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Table 30 (Continutd) 

Concent- Initial ' Increased length and width Pe'rcentage 

ration length of the seed's after 0.02 mm ' of 
Salts Direction increased and width 

I I 
! 

le~th and 
(mol) ±0.02mm, I clay 4 days :, days. idth 

o.t Length 2·57 

I 
0.07 0.13 0.13 

I 
5 

Width 1.48 0.05 0.12 0.12' 8 
LiCl 

0·5 
Length 3.00 0.03 o.~J 0.03 

I 
I 

Width 1.57 0.02 0.05 1 0 .05 3 

0.1 
Length 2·73 0.02 0.03 0.07 I 3 
Width 1.50 0.05 0.07 0.07 ' 4 

NH.Cl 
Length 2.70 0.05 0.07 0.07 2 

0·5 Width 1.45 0 0.02 0.02 2 

Length 2.72 0.05, 0.12 0.12 5 0.1 
Width 1·55 0.02 0.05 0.08 6 

CaCl! 
Length 2.60 0.05 o.o~ 0.08 3 0·5 Width 1.47 0.02 0.05 0.05 3 

Length 2.60 0.08 0.08 0.10 4 0.1 Width 1.6 3 0.05 0.05 0,05 3 
MgCl~ . 

0·5 
Length 2.38 0.03 0.07 0.08 4 
Width 1.42 0.07 0.07 0.08 6 

Length 2.87 0.05 

I 
0.07 0.08 3 0.1 Width 1·53 0·°3 0.07 0.08 6 

BaCI! 

) ) 0·5 
Length 2.70 0.10 0.10 0.12 4 
Width 1.52 0.02 0.10 0.13 9 

0.1 
Length 2.78 I 6.03 0.07 0.08 3 
Width 1.52 0.02 0.07 0.08 5 

AICI. 

I I I 0·5 
Length 3.08 0.08 0.10 0.10 3 
Width 1.68 0 0 0.03 3 -

It is clear from these data that the swelling of se~ds on the filter 
paper moistened with salt solutions varied accotding to :the kind of salts 
in various 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 saIts were small. Generally speaking, in the 
solutions of KCl, NaCI. LiCI, and NH-4,CI, the swelling of seeds both of 
P. Gle/mii and P.jezoensis was larger than that in the solutions of MgCLz, 
BaCJ 2 , and AICJ a , and then, it is clear and quite important t~1at the per­
centage of swelling of seed in width is larger than in the length. 
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2 Non-electrolyte 

As was already stated before,'. it seems ~vident that the non-electrolytes 

such as alcohol, glycerine, saccharose and urea may play a direct or in­

direct role 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-electrolytes have in-

fluenced the absorption of water by seeds. Then, the rollowing experiment 

was carried out to ascertain the influences of non:..electrolytes 'on the 
, ' 

swelling of seeds of P. Glehniiand P. Jezomsis. 

Experiment 17 

The results of Experiment 17, recorded in Tables 3 I and 3~, show 

that the effect of saccharose solution on the swelling of seeds of P. G,lelznii 

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 iq the lower concentrations than in the higher 

ones. In glycerine solution, the swelling of the seeds is larger i~ 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 concentration.. 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 seeds of P. Glehnii and P. Jezoensis 

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 general, alcohol acts to shrink 

the plant cells or plant tissues. 

I 
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Table 3 I 

Average swelling of the seeds of Picea Gleltltii 
I in vari~us non-electrolyte solutions . 

. Duration of experiment: Dec. 10-13. 1940 

IQitial i Increased length and width 

C.oncent· length of the seeds after ±O,02 mm 
Direction ration and width 

I I ±0.02mm I day 4 days 7 days 

H 2O Length 3·80 0.03 .0.15 0.17 
Width 1.67 a 0.08 0.15 

0.2 Length 3·62 0.03 0.12 0;12 
Width 1·75 0.03 0.08 0.08 

Length 3·62 0.03 0.07 0.08 
0·3 Width 1.47 0.07 0.08 0.08 

Length 0.08 0.08 
0.4 3.50 0.10 

Width 1·77 0.15 0.20 0.23 

P·7 
Length 3.60 0.03 0.08 0.10 
Width 1.68 0.07 0.17 0.18 

0.1 Length 3.52 0.15 0.13 0.22 
Width 1.67 0.08 0.12 '0,[3 

Length 3.92 0.05 0.05 0.08 
0.·3 Width I.r17 0..20 0.23 0.27 

0.6 
, Length 3·57 0.05 0.05 0.05 

Width 1·73 0.13 0..15 0.15 

0.8 Length 3.67 0.07 0.08 0.12 
Width 1.88 0.10 0.10 p.12 

0.9 
Length 3.32 0.12 0.15 0.18 
Width 1.70 0.0; 0.05 . 0.07 

1.0 Length 3.67 0.13 0.13 0.13 
Width 1·77 0.03 0.10 0.12 

Length 
. 

0.1 3·'i5 0.0.0; 0.12 O.IZ 
Width 1.72 0.08 0.15 0.18 

\ 

0.2 Length 3·55 0.07 0.08 0.08 
Width 1.70 a 0.10 0.10 

Length 3·37 a 0.03 0.07 
0·4 Width 1.68 0.08 0.12 0.15 

0·5 
Length 3.42 0.07 0.13 0.13 
Width 1·57 0.08 0.15 0.15 

Percentage 
of 

increased 
length 

and width 

4 
9 

3 
5 

2 
6 

3 
14 

3 
12 

6 
8 

2 
15 

I 
8 

3 
6 

5 
4 

4 
7 

4 
...... 12 

2 

6 

2 

9 

4 
10 
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Table 32 

Average sweWng of the seeds of Pieea jezoensis 
in various non-electrolyte solutions. 

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

Initial Increased length and width 

Concent· length of the seeds after ±o.ozmm 
Direction ration and width 

I I ±0.02mm I day 4 days 7 days 

Length 
, 

0.08 

I H2O 2·70 0.03 -
Width 1·45 0.13 0.18 0.18 

Length 3.28 0.02 0.05 o.o~ 
0.2 Width 1·55 0.15 0.15 0.15 

Length 2·90 0.02 0 0.03 
0·3 Width 1·52 0.03 0.12 010 

Length 3.08 0 0 0.03 
0·4 Width 1·50 0.18 0.20 0.20 

Length 2·75 0.18 0.18 0.18 
0·7 Width 1.68 0.05 0.05 0.08 

Length 3.0 5 0.10 0.12 0.12 
0.1 Width 1.70 0.02 0.03 0.05 

Length 3.20 002 0.02 0.03 
0·3 Width 1·77 0.03 0.03 0.08 

0.6 
Length 2·77 0.03 0.03 0.P5 
Width 1.68 0.05 0.05 0.07 

Length 2.78 0:02 0.02 0.07 
0.8 Width I.SS 0.03 0.05 0.05 

0·9 
Length 2.82 0.02 0.05 0-08 
Width 1.65 002 -0.05 0.07 

Length 2·90 0.05 0.07 0.08 
1.0 Width 1.60 0.05 0.05 0.05 

Length 280 0.03 0.05 0.08 
0.1 Width 1.60 . 0.03 0.05 0.13 

Length 2.82 0.07 0.10 0.08 
0.2 Width 1·55 0.02 0.07 0.07 

Length 2.78 0.07 0.10 0.10 
0·4 Width 1·53 0.05 0.05 0.05 

0·5 
Length 2.58 0.08 0.10 0.12 
Width '1.58 0.02 0.07 0.0& 
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-
13 

3 
IS 

I 

7 

I 

14 

7 
·5 

4 
3 

I 

5 

2 

4 

3 
3 

3 
4 

3 
3 

3 
8 

3 
4 

4 
3 

5 
5 
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Table 33 

Average swelling of the seeds of Picca Glc1mii in alcohol solution. 
Duration of experiment: Jan. 5-}4. 1941. 

Initial Increased length and width I Perceqtage of the seeds after ±O.02 mm Concent- Direction length and of increased . 
ration width 

I I 
length and 

C%) ±0.02mm I 2 days 4 days 6 days width 

Length 30.16 0.16 0.25 0.50 I 
40 Width 16.83 0'5,8 0.58 0.83 4 _ 

Length 27·83 0·33 0·33 0·33 I 
30 Width 16.08 0·33 0.58 066 4 

Length 25·00 0.08 0.16 0.24 0·9 20 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 0·75 0.83 3 
5 Width 16.00 0.50 0·75 0·75 4 

Length 
) 

36.40 0.9 1 0.91 1.00 2 
I Width 36,4 1 075 0.83 1.00 2 

Table 34 

Average swelling of the seeds of Piccajezocnsis in alcohol solution. 
Duration of experiment: Jan. 5-14· 1941. 

I I 
Initial Increased Jengt h and width Percentage 

Con cent- length and of the seeds after ±0.0211l11l of incre'ased 
Direction ration 

I I 
width 

I j 
length and 

C%) ±0.02mm 2 days 4 days 6 days width 

I 
Length 35.9 1 

I 
1.08 0.83 0.83 2 

40 Width 35.66 0.50 0.66 0.91 2 
I 

Length 33·75 I 0·75 0.83 0.83 2 
30 Width 17.00 1.0 3 0.83 1.16 6 

Length 32 58 0.50 1.18 1.16 3 20 Wiclth 17.91 0.41 0.58 0.66 3 

Length 33 08 1.16 1.25 1.66 0.6 
10 Width 17.58 1.43 1.25 1.83 1 

Length 36•66 

I 
0.91 1.00 1.00 2 

5 Width 18.41 0.91 1.00 1.08 5 

I 
Length 33.16 

j 
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 

These experiments. 18 and 19. were carried out to study the influence 
of hydrogen-iQn concentration upon the swelling of seeds. , . 

Experiment 18 

In Experiment 18, the amount of anions in each phosphate mixture 
solution of various pH-values was kept equal. The composition of phos­
phate mixtyre. solution was similar to that in Experiment 9. The results 
of this experiment using phosphate mixture of MiS 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/so concentration the swelling of seeds 
was larger in the solutions of pH 4.2 arid 8.0 than in others. Among 
the results concerning P. jezomsis, in the solutions of phosphate mixture 
of M/so 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. jezomsis due to the different hydrogen-ion concentrations was 
not very significant. 

Experiment 19 

In Experiment 19. 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 swelling of seeds in phosphate mixture 
solution of M/S concentration of various pH-values was superior in the 
solution of pH 7.0, but in the phosphate mixture solution of lVI/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 Mis concentration 
was superior in the less acidic or neutral zone. but in the solution of lVI/50 

'concentration the swelling of seeds was superior in the acidic zone near 
pH 4.0. In this case the amount of phosphate ions 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 Pieea Glehnii. Quantity of 
phosphate in phosphate-mixture solution of various pH-values 
is uniform. C~ncentratiOri of phosphate mixture is MI5 and 
M/50. Duration of experiment: Dec. 5-15. 1940. 

Concent- Initial 
Increased length and width Percentage 

ration 
of phos- pH series 

phate 
mixture 

5·7 

3.0 

4·0 

5.0 

. MIs 6.0 

7.0 

t 

80 

i 
8.8 

2·9 

4.2 

5.1 

MI50 6.0 

7.0 

8.0 

8.6 

Direction 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

length 
and 

Width 

3.67 
1.88 

3.48 
1·72 

3·77 
1.98 

3.52 
1·77 

3·33 
1.75 

3·33 
1.68 

3-37 
1.70 

4.02 
1.05 

3.63 
1.83 

3-45 
1.68 

3.52 
1.70 

3.62 
1.75 

3.42 
1.82 

3.52 
1.68 

3-47 
1.73 

of t he seeds after 

I day 

0.08 
0.05 

0.05 
0.03 

0.08 
0.08 

0.05 
0.02 

0.07 
0.03 

0.08 
0.12 

0.08 
0.08 

0.08 
0.15 

0.07 
0.12 

0.05 
0.12 

0.10 
0.07 

0.05 
0.03 

0.08 
0.07 

0.10 
0.08 

0.15 
0.12 

I 4 days 

0.08 
0.10 

0.12 
0.08 

0.10 
0.0S-

0.08 
0.05 

0.08 
0.05 

0.10 
0.12 

0.17 
0.10 

0.17 
0.15 

0.08 
0.13 

0.07 
0.12 

0.12 
0.08 

0.07 
0.05 

0.12 
0.07 

0.12 
0.12 

0.13 
0.15 

I 7 days 

0.08 
0.10 

0.12 
0.08 

0.13 
0.08 

0.08 
0.07 

0.08 
0.08. 

0.13 
0.18 

0.18 
0.20 

0.15 
0.17 

0.10 
0.15 

0.12 
0.17 

0.13 
0.08 

0.08 
0.12 

0.13 
0.08 

0.13 . 
0.12 

0.17 
0.13 

of 
increased 

length and 
width 

2 

5 

3 
5 

3 
4 

2 

4 

2 

5 

4 
II 

5 
12 

4 
10 

3 
8 

3 
10 

4 
5 

2 
7 

4 
4 

<4-
7 

5 
8 
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Table 36 

Average swelling of the seeds of Picea j'ezoensis: Qua,ntity of 
phosphate in phosphate-mixture sQlution of various pH-values is 
uniform. Concentration of phosphate mixture is MiS and M/so. 

Concent-
ration 

of phos- pH· series 
phate 

mixture 

5,7 

3.0 

4.0 

5.0 

Mis 6.0 

7.0 

8.0 

8.8 

2·9 

4.2 

5.1 

M/so 6,0 

• 7,0 

, 
8.0 

8.6 

Duration of experiment: Dec: 5-15· 1940. 

Direction 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Length 
Width 

Initial 
length 

and 
width. 

290 
1.62 

275 
1.58 

2.93 
1.67 

2·53 
1.50 

2.88 
1.63 

3.02 
1,67 

'3.00 
1.70 

2·92 
1.65 

2.72 
1.53 

3. 12 
1.72 

;! 82 
1,62 

2.87 
1.55 

2.72 
1.65 

2·77 
1.60 

Increased length and width 
of the seeds after 

I day 

0.08 
0.08 

0.07 
007 

0.05 
0.03 

0.08 
0.05 

0.03 
0.03 

0.03 
0.03 

0.07 
0.03 

0.07 
0.02 

0.07 
0.05 

0.03 
0.02 

0,07 
0.03 

0.05 
0.05 

005 
0.07 

0.05 
0.05 

0.05 
0.03 

I 4 days 

0.08 
0,1£' 

0.08 
0.07 

0,05 
0.03 

0.08 
0,07 

0;07 
003 

0.05 
0.05 

0.10 
0.05 

0.07 
0.02 

O.lO 

0.05 

0.10 
0.03 

0.07 
0.05 

0,05 
0.05 

0.08 
0.10 

0.08 
0.05 

0.07 
0.05 

I 
7 days 

0.12 
0.15 

0.12 
0.08 

0.05 
'0.07 

0.08 
0.08 

0.07 
0.08 

0.10 
0.05 

0.10 
0.05 

0.07 
0.03 

0.10 
0.05 

0.13 
0.02 

0.07 
0,07 

0.08 
0.08 

0.15 
0.12 

0.15 
0,05 

0.10 
0.07 

--'-

Percentage 
of, 

increa~ed 
length and 

width 

4 
10 

4 
5 

:z 
4 

3 
5 

3 
5 

3 
3 

3 
3 

2 
2 

3 
3 

5 
I 

2 
4 

3 
5 

5 
8 

6 

3 

4 
4 
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Table 37 

Average swelling of the seeds of Picea jezoelZsis~ Quantity of 
sodium in phosphate-mixture solutioll' of various. pH~value is 
uniform.· Concentration of phosphate mixtllre isM/S and M/so. 

Duration of experiment: Jan. 7-I7. 2941. 

Concent- rnitial Increased length and width Percentage 
ration of the seeds after of 

of phos- pH-series Direction length increased 
phate and 

I \ 

length and 
mixture width 

I 
I day 4 days 7 days width 

Length 2.83 0.03 0.03 0.03 I 
3·0 Width I.78 0.03 o.pS 0.10 6 

Length 2.83 0 0.02. 0.03 I 
4.0 Width 1.55 0 0.03 0.03 2 

5·1 
1;-ength 2.78 0.03 0.07 0.07 3 
Width 1.58 0.03 0.05 0.08 5 

MIs 6.0 Length 2.85 0.05 0.05 0.05 2 
Width 1.70 0.02 0.02 0.08 5 

6·9 
Length 2.67 0.05 0.05 0.07 3 
Width 1.58 0.05 0.07 O.IO 6 

7·7 
Length 2·75 0.08 0.13 0.13 5 
Width 1.55 o.ro 0.12 0.13 8 

8.9 
Length 2.83 0.02 0.02 0.03 I 
Width 1.50 0.05 0.08 0.08 5 

Length 2.63 0.27 0.28 0·30 II 
3·0 Width 1.50 0.10 0.13 0.15 ' 10 

Length 2.88 0.02 0.03 0.05 2 
4.0 Width 1.57 0.10 0.10 0.15 10 

Length . 2·75 0.05 0.05 0.05 2 
5.0 Width 1.62 a 0.03 0.05 3 

Length 2.92 0.05 
I 

0.05 0.08 MISo 6.0 3 
Width 1.63 007 0.08 0.08 5 

I 

6.8 
Length 2·73 0.05 0.07 0.07 3 
Width 1.70 0.02 0.05 0.07 4 

7.6 
Length 2.63 0.05 0.07 0.07 3 
Width 1.57 0.02 0.02 0.05 3 

8.4 
Length 2·72 0.03 0.03 0·°3 1 
Width 1·53 0.07 0.08 0.13 8 
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4: Temp~rature 

Experiment 20 

49 

Experiment 20 was intended to ascertain the influt';nce of temperature 
on the swelling of se~ds' of P. Gle/mit" and P. jczoensis. . 

Table 38 shows that the swelling of seed of P. Glchnii 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 400 e temperature than in any other temperature, though the swelling 
may.be, or may not be normal, because the temperature of 400e 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 
IOoe is not so inferior t,o that at other temperatures. These facts may 
show that the some ecological relations exist between the swelling of seeds 
of Pieea species and the surface temperature of forest soil in the gerolinating 
season in Hokkaido. 

Species 

Picea 
Glehnii 

Picea 
jezoensis 

Table 38 

Average swelling of the seeds of Picea Glehi'lii and Pieea 
jezoensis 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 
Temp. Direction and increased 

width I day 
I 

4 days 
length and 

width 

10ce Length 3. 12 0.05 0.12 4 
Width 1.70 0.15 0.15 9 

200 e Length 3.25 0.07 0.12 4 
Width 1.65 0.08 0.10 6 

Length 3·47 0.08 0.17 5 30ce Width 1.70 0.07 0.13 8 

400e 
Length 

I 3-43 : 0.07 0.23 

I 
7 

Width 1.85 ! 0.08 0.12 6 

loce Length . 2.85 0.03 -0.03 I 
Width 1.63 0.03 0.07 4 

20'e Length 2.65 0.05 0.05 2 
Width 1.63 0.05 0.08 5 

30ce Length 3.10 0.03 0.03 I 

Width 1.62 0.02 0.05 3 

400e Length 2.63 0.12 0.17 

I 
6 

Width 1·45 0.05 0.13 9 
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V. Factors i~1J:uencing 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 seed,s 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. Glehnii 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 tqe above mentioned relations. ' 

Methods of germination test. -As germination vessel non alkaline 
PETRI-dishes of IO cm diameter and I.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 PETRI­
dish. After one week the solution in the PETRI-<;Iish 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 2 I the weight of PETRI-dish with seeds, water and 
filter papers Was measured occas\onally for the retention constantly of the 
same amount of water in the PETRI-dish. All tests Were run in triplicate. 
Since the seeds are smaIl, 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. 

I) MAZE (1900), BIRGER (1907), FISCHER (1907, 1935), DOBY (1909), SCHOTTE (19)11), PROMSY 

(19U), BOKORNY (1913),. SHULL (1914), RUDOLFS (1922, 1925), TOUMEY and DURLAND 

(1923), LONDEG!RDH (1924), LARSEN (1925), MORINAGA (1926), GRACANIN (1928), HAASIS 

("1928, ~930), MEYER (1928kBUCHlNGER (1929), CHAPPUZEAU (1930), DoRPH·PETERSON and 

MJASDRIKOWA (1931), KISSER and SCHUBERT (1934), NICHOLS (1934), PURVIS (1934), BALDWIN 

(1935), CHOLODNY (I93S), BORRISS (1936, 1940), PEPTZOFF (1936), MORK (1937), RESUHR 

(1939), ROHMEHDER (1939). 
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1 Water 

Experiment 2'[ was. 'carriedotlt to detennie. the infhuerrce of the amout 
of water in PE.TRI-dish uiJEm the germination: of the. seeds. 

Experiment 2t 

Seeds used. wer.e those of P.. Gle.llJZzi and P .. jezoensis. Resultsi are 
shown in; Tables 39 and 40 and Fig .. 8 and 9. 

From the results sho.wn in Tables 39 and 40· it is evi8ent tna-t the 
percentage of germinatjon of both\seeds in distilled water more than 10 cc. 
at 300 e is low, namely,. the percentage of germination of P. Glehnii" in 
PETRI-dish with 10 cc. of water was I I percent and that of P. jezoensis 

Amount 
of water , 

in 
medium 

(cc) 

115 30°C 

" 10 

" 6 

" 4 

IS, 
20'C 

" 12; 

" 9 

" 6 

" 5 

" 4 

" 3 

" 2 

Table 39 

Germination record of the seeds of Pice~ Glellnii. 

Dur:ation of e~periment: 1) Jan. 12-Feb. 2. 1940. 
2) Feb. 2-Feb .. 34· 1940. 

Number of germinated seed' after 

d~yS I 7-
I 

8. I I 1 I I . "'1 
14 I I5~22liTotal 9. 10 II 12 13 ", " " ". " " " " 

Q 0 Q 0 0 0 I 0 0 I :2 3 

0 0 I 0 I I 

I 
I I I 5 II 

0 0 I 3 2 2 2 2 2 7 21' 

I 
I 2 4 3 4 5 2 3 4 5 33 

Q 2. 4, 10. 8. 8 6 5· 5. 18 66 

0: 5; 5, 5 10' 8 II' 3 7 1'1: 65' 

0 8 5 10 15 14 1'2 3 5 7 79' 

I II 8 13 II. 13 7 3 2 8 77 

8 16 18 - 1·7 II 3 2 2 2 79 

10 15 19 - 12 7 5 I 0 6 75 

6 17 18 - 13 10 5 2 2 5 78 

2 20 IS - 16 9 5 3 2 5 77 

Per· 
centage 

of 
germi-
nation' 

I 3 

II 

21 

33 

66. 

65 

79 

77 

79; 

75 

78 

77 



Amount 
of water 

in 
medium 6 

(cc) days 

30°C IS . 0 

" 10 0 

" 6 0 

" 4 2 

15 
20°C 0 

" 12 0 

" 9 I 

" 6 I 

" 5 0 

" 4 2 

" 3 0 

" 2 0 

SENNOSUKE YAMAGUCHI 

Table· 40 

Germination record of the seeds of Picea jezoensis; 

Duration of experiment: I) Jan. 12-Feb. 2. 1940. 
2) Feb. 2-Feb. 24. 1940. 

Number of germinated seed after 

) 
7 

) 
8 

) 
9 

I 
10 

I 
II 

I 
J2 I 13 I 14 IlS~221 Total " " " " " " " " 

0 I 0 1 0 0 0 0 I 3 

0 0 3 2 I 0 I 0 0 7 

2 .2 5 ·2 4 I 3 3 8 30 

3 8 4 9 2 0 3 3 8 42 

7 5 12 .12 12 7 2 4 4 65 

8 9 18 13 II 3 2 I [ 66 

9 15 17 13 7 5 I 0 3 71 

12 . 16· 19 10 5 4 I 2 0 70 

10 18 - 22 8 3 2 I 3 67 

13 16 - 13 9 4 I I 2 61 

7 9 - 17 12 4 I I 3 54 

I 6 13 - 15 9 5 I 0 2 51 

Per-
centage 

of 
germi-
nation 

3 

7 

30 

42 

65 

66 

71 

70 

67 

61 

54 

51 

was 7 percent. The germination of both seeds was adquate at 200 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. Glehnt"i and those of P. jezoe1Zsis. 

r 
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Fig.' 8 
Curves of daily' change in percentage of germination of the seeds of Pic~aGlehnii in the PETRI­

dishes supplied with water of different amounts and different temperatures. Concentration in mol. 
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Fig. 9 
Curves of daily change in percentage of germination of the seeds of Picea J~zoensis in the PETRI­

dishes supplied with water of different amounts and different temperatures. Concentration in mol. 
100 

90 

80 

I'l 70 
.9 ....... ~s~.w\:.··· 
-:; 
.S a 60 
... 
'" OIl 50 

ff 
40 c 

'" c.J ... 
~ 3 0 

20 

10 

0 

% 6 7 8 9 10 II 12 13 14 15-22 days 
Days after start of germination test 



s. 

2 Electreqte 

Experiment 22 

Potassium chloride. Results are shown in Tables 41 and 42, and Fig. 10. 

Table 41 

Germination record of the seeds of Pieea Glehnii 
in ;KCl-solution. Temp. 20°e. 

Duration of experiment: I) Dec. 27. I 939-Jan. II. 1940. 
2) Feb. ,27-Mar. 16. 1940. 

Concent· 
ration 

of 
salt 

(mol) 

1.0002) 

0·500~) 

0.1001) 

0.0 lOt) 

0.0021~ 

" 
Number of germinated seed after 

d~YS I 9 

I 
10 

I 
II 

I 
12 

I 
13 

I 
14 

I 
IS 

I 
16 I Total " " " " " " " " 

0 0 ° ° ° 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

° 4 IS 15 6 2 - g 2 55 

13 21 21 5 7 6 - 4 2 78 

6 17 21 ! 8 11 3 - 6 2 74 

Table 42 

Germination record of the seeds of Pieea jezoensis 
in KCI-solution. Temp. 20°e. 

Duration of experiment: I) Dec. 27· I 939-Jan. 1 J. 1940. 
2) Feb. 27-Mar. 16. 1940. 

Concent- Number of germinated seed after ration 
of 

salt 8 

I 
9 

I 
10 

I 
11 

I 12 

\ 

13 ~ 14 

I 
15 I 16 

\ Total (mol) days " " " " " " " " 

1.0002) 0 0 0 <;> ° 0 0 0 0 0 

0.5002) 0 0 0 0 0 0 0 0 0 0 

0.1001 ) 0 0 1 3 3 2 - 8 8 25 

0.0101) 4 18 14 10 4 1 - 2 2 55 

0.0021) 11 17 II 6 2 1 - 1 I 50 

Percentage 
of 

germi. 
nation 

0 

0 

54 

78 

75 

Percentage 
of 

germi-
nation 

° 
0 

26 

51 

52 
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Fjg~ 10. 

, Curves of daily change in percentage of germination of the seeds 
of Pleca C/ellnii aDd Pic'etZ jttoemis in potassium 'chfO'i'ilte 

solution of different conc;ntrations. Concentration in mol. 
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As will be seen in Table 41 the germination in KCl~s~lution of con­
centration less than 0.5 mol was good, though it decreased 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. I mol concentration was 20 percent and it was less than that 
in the KCl-solution of more dilute concentration. 

As shown in Ta.ble 42, the germination of P. jezoellsis 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 decfeased 
with the increasing of the concentration. ,In general, however, the germi­
nation of P. Gleh71ii seeds in the concentrated KCI-solution was'less injured 
than that of P. jezoe7Zsis. 
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Experiment 23 

Sodium chloride. Results are shown in tabl~s 43 and 44, and Fig. 11. 

Concent-
ration 

of 
salt 

(mol) 

1.0002) 

0.5002) 

0.1001) 

0.0101) 

0.002 

Concent· 
ration 

of 
salt 

(mol) 

1.0002) 

0.5002) 

0.1001 

0.0101) 

0.0021) 

Table 43 

Germination record of the seeds of Picea Gle/mii 
in NaCl-solution. Temp. 20°C. 

Duration ~f experiment: I) Jan. IO-Jan. 27. 1940. 
2) Feb. 37-Mar. 16. 1941. 

Number of germinated seed after 

d~yS I 
\ 

10 

I 
II 

I 
12 

I 
13 

1 

14 I IS 1 16;;251 Total 9 
" " " " " " " 

0 0 0 0 a 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

2 7 13 12 10 11 - 10 4 69 

14 18 12 15 7 4 - 5 I 76 

6 II II- 9 9 7 - 6 3 62 

Table 44 

Germination record of the seeds of Picea jezoel1sis 
in NaCl-solution. Temp! 20°C. 

'Duration of experiment: I) Jan. IO-Jan. 27. 1940. 
2) Feb. 27-Mar. 16. 1940. 

Number of germinated seed after ~ 

8 

\ I 
10 

I 
II 

I 
12 

\ 

13 

\ 

14 

\ 

IS 
t 16;;251 Total 9 

days " " " " " " " 

0 0 0 0 0 0 0 0' 0 0 

0 0 0 0 . 
0 0 0 0 0 0 

IS 13 12 13 4 3 - \ 3 1 64 

22 II 10 7 3 2 - 1 0 56 

22 14 15 10 2 2 - 2 2 69 

Percentage 
of 

germ i-
nation 

0 

0 

69 

75 

65 

Percentage 
of 

germi. 
nation 

0 

0 

62 

57 

6 
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GERMINATION @F YEZO SPRUCE SEED 

Eig. II , 
Curves of daily change in percentage of germination of the seeds 

of Picl!a GIl!hnii aqd PiCl!a jl!zol!nsis in sodium chloride solution of 
different concentrations. Concentration in mol. 

r 
(' 

100 

90 

80 

70 

60 

50 

4°, 

30 

20 

10 

0 

% 

~n\. --, 1'.9.-----.""."" .",,_1 

// ~ O\. ~ • .-.... --
", -y ........ Pi 0.01 

II ........ i:::········-· _ .. -. 
1./···· / 
I' ;" 

(.' / 
'/: / 

/ ... ;' 
/ .OJ' 

.. / ~~" 
",/ ./ 

/// 

/ 
;' 

8 9 IO II 12 13 14 15 16-81 days 

Days after start of germination test. 

57 

The germination of P.. Glehn# and P. jezoensis . seeds in the NaCI­
solution of 0.5 mol was ?ero, 'but it was very good in the dilute NaC!­
solution of less than 0.1 mol. The germination of both seeds in NaCI­
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 NaCI-solution as in distilled 
water. 

Experiment ~4 

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

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



eoncent-
ration 

of 
salt 

(mol) 

0.10001) 

0.10002) 

0.02002) 

0.01001) 

0.01002) 

0.00201) 

0.00202) 

0.00102) 

0.0001 2) 

Concentc 
ratio!1 

of 
salt 

(mol) 

0.10001) 

0.10002) 

0.02002) 

0,0100l). 

0.0100 

0.002 01) 

0.00202) 

0.00102) 

0.00012)-

Table 45 

Germ.iha~ibn record of t.he seeds of P/cea Gle/i.1Zii 
i.n, LKl-solutiQn. Temp, 2d'«. 

Duration of experiment: 1) Jan. IO-Fep. 
2) Feb. 27-Mar. 

Number of germinated seed after 

8 

1 

9 

I 
10 

1 

II 

1 1 

IJ 

1 

14 

I 
15 12 

days " " " " " " " 

0 0 0 0 0 0 0 0 

0 0 5 4 10 II. 7 (i 

0 3 7 4 9 9 3 I 

17 6 13 II 9 6 - 8 

3 7 19 II 15 9 6· 3 
18 16 II 12 6 3 - 9 
(i 7 19 16 8 9 3 3 •• 0 8 13 14 12 7 6. 3 

5 13 15 12 .13 10 3 2 

Table 46 

3· 1940. 
I6. 1940. 

I 16;;191 Total 

0 0 

12 55 

3 39 

2 72 

5 78 

4 79 

4 75 

3 66 

5 78 

• Germination record of the seeds of Pieea jezoe1Zsis 
in LiCl-solution. Temp. ZcQ°c. 

Duration of experiment: 1) Jan. IO-Feb. 3.. 194.Q· 
2) Feb. 27-Mar. 16. 1940. 

Number of germinated seed after 

1 I I I It 
1 I 

7 8 9· 10 II· 12 I~3 14 
1

15
-

19
1 days " " " " . " " " 

1 ';~ "ITotal' 

0 0 0 0 0 0 0 0 0 o. 

0 0 0 0 0 0 0 0 17 39 
0 0 0 0 0 2 2 4 I 9 

2 20 16 9, 7 2 I - 3 60 

0 0 4 10 7 10 9 4 3 47 

9 :)4 8 7 5 2 2 - I 68 

0·. I II 15 II 6 5 I. A 54 
0 0 2 '!l. 7 8 7 5. 8 46 

O· 0 1 I 15 12 9 7 2 2 58 

Percentage 
of 

germi-
nation 

0 

56 

42 

72 

75 

72 

75 
.66 

78 

Percentage 
of: 

germi-
nation 

0 

40 

8 

59 

47 

65 

55. 

43 

61 
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• Fig. 12 

Curves of daily change in percentage of germination of the seeds 
of Piua GIl!hnii and Ficea jl!zomsis 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 o. I 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 genera!,' because the 
influence of salts upon germination may decrease with increasing of the 
salt concentration of solution. This salt has a tenoency 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 
}3'ig. 18. 

The germination of P. Gle/mii in a NH4 Cl-solution of 0.10 mol and 
of 0.01 mol was greatly less than that in distilled water, especially the 
percentage of germination in o. I mol solution was only 4 percent, but in 
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the distilied 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 Pieea 
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 

Concent· 
ration 

of 
salt 

(mol) 

J.OO 

0.10 

0.01 

Concent-
ration 

of 
salt 

(mol) 

1.00 

0.10 

0.01 

Table 47 

Germination record of the seeds of Pieea Glelmii 
in NH"CI-sohition. 

Duration of experiment: Mar. 21. 1940-Apr. 12. 1940. 

Number of germinated seed after 

alys \ 
8 

\ 

9 

\ 

10 

\ 

II 

-\ 
12 

\ 

13 

I 
14 

\ 

15 
\ [6:,22\ Total II II II II " II " II 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 -0 I I 0 2 4 

I 9 6 15 I 8 7 2 5 I I 55 

Table 48 

Germination record of the seeds of Pieea jezoensis . 

in NH4 Cl-solution. 
Duration of experiment: Mar. 2 I. 194o-Apr. 12. 1940. 

Number of:germinated seed after 

dIys I 8 

I 
9 

I 
10 

I 
II 

\ 

12 

I 
13 

I 
14 

\ 

IS 116~221 Total II II " II II II II II 

0 0 0 0 0 0 I 0 I 
0 I 0 0 0 

I I 0 0 0 0 0 0 0 0 0 0 

2 II 9 II 3 2 I :1 I 0 0 41 

Per-
centage 

of 
germi-
nation 

0 

4 

54 

Per-
centage 

of 
germi-
nation 

I 0 

0 

41 
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. ·,·Fig. 13 

Curves of'daily change in percentage of germination of the seeds of 
Picia G/~hnii and PiC(lz jezoensis in ammonium . chloride solu,tion 

of different concentrations. Concentration in mol. 

. 100 

80 

P G o2l---
", ..... .,...,,_:.--

---,/ 
,/ P.j 0.01 

,/ 
,/ 

20 

10 

o 

% 7 8 9 10 II 12 13 14 15 16-22 days 

Days after start of germination test 

61 

", , 

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, I mol is too small to cause 
the hypertonic action of solution. ' 

The results obtained by using P. jezoensis show nearly the same 
tendency as in P. Glehnii. 

Experiment 26 

Calcium chloride. Results are shown in Tables 49 and 50, and Fig. 14, 
The results (Tables 49 and 5.0) show that the retarding influence of 

calcium chloride solution upon germination was clear in 0, I mol and 0.01 
mol solution. That is to say, the percentage of germination of P. Gle/mii 
in the o,ol.mol solution is nearly equal to that in the distilled water, but 
that in the.o,1 mol solution was 31 percent, wh:ch is only one half of that 

r 
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in the 0.01 mol solution or in distilled water. The percentage of germi­
nation of P. jezoensis in o. I 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. Glehnii than 
on P. jezoCllsis. 

Table 49 

Germination record of the seeds of Picea Glelznii in C<;tCI 2 -solution. 
Duration of experiment·: I) Jan. Io-Feb. 3. 1940. 

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

Concent· Number of germinated seed after ration 
of • 

salt 8 

1 1 

10 

I 
II 

I 
12 

I 
13 

I 
14 

I 
IS 9 

(mol) days " " " " " " " 

0.5001) 0 0 0 0 0 0 0 0 

0.1001) 0 0 I I 2 3 - II 

0.0101) 16 10 II 12 10 6 - 9 

0.0022) 18 13 II 12 8 7 - 8 

Table 50 

Germination record of the seeds of Fieea jezoCllsis 
Duration of experiment: I) Jan. Ie-Feb. 

2) Fen. 27-Mar. 

Concent. 
Number of germinated seed after ration 

of 
salt 8 

1 I 1 1 1 I 1 

IS 9 10 II 12 11 14 
(mol) days " " " " " " " 

0·5001) 0 0 0 0 0 0 0 0 

0.1001) 0 0 0 0 2 1 3 -
0.0101) 3 30 10 8 4 3 2 -
0.0022) 7 31 15 6 5 I 0 -

Percentage 
of 

1 16;;
2

51 Total 

germi. 
nation 

0 0 0 

I:a 30 31 

3 77 76 

5 82 78 

10 . CaCl2 ·solution. 

3· 1940 . 

16. 1940. 

Percentage 
of 

1 16;'251 Total 
germi-
nation 

0 0 0 

9 15 14 

2 62 64 

2 67 68 
.• 
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GERMINATION OF YEZO SPRUCE SEED 

Fig. 14 

Curves of daily change in percentage of germination of the seeds of 

Pice" Clehnii and Pice" jezoensis in calcium chloride solution 

of different .concentrations. Concentration in mai. 
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Experiment 27 

Magnesium chloride. Results are shown in Tables 5 I and 52, and 

Fig. 15. 

From Tables 5 I and 52 it is seen that the germination of the seeds . 
of P. Glehnii and P. jezoensis in the· magnesium chloride solution of o. I 

mol was respectively 45 and 21 percent, and in the 0.01 mol or more dilute 

solutions they were respec~ively 74 and 69 percent, but in the solution of 

0.5 mol solution no seed germinated in either species. Thus the relations 

between the cone:entration of MgCI2 solution and germination of seeds were 

nearly similar to those in the case of calcium chloride, and the seeds of 

P. Gle/mii were more tolerable to higher concentration of this salt than 

those of P. jezoen.sis. 
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Table 51 

Germination record of the seeds of Pice a Gte/mii In' MgClz-solution. 

Concent-
ration 

of 
salt 

(mol) 

0.5002) 

0.1001) 

0.0101) 

0.002 

Duration of experiment: I) Jan. lo-Jan. 17. 1940~. 

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

Number of germinated seed after 

d~yS 1 
9 

I 
10 

I 

II 

I 
12 

I 
13 

I 
14 

I 
IS 

I 16;;
18

1 Total .. " " .. " " " 

0 0 0 0 0 0 0 0 0 0 

0 0 I 3 5 4 - 16 17 46 

6 II 19 13 8 6 - 10 3 76 

8 12 IS 10 9 5 -' 10 j 72 

Table 52 

Percentage 
of 

germi-
nation 

0 

. 45 

74 

72 
I 

Germination record of the seeds of Picea jezocnsis In MgCI 2 -solution. 

Concent-
ration 

of 
salt 

(mol) 

0.5002) 

0.1001) 

0.0100 

0.0021) 

Duration of experiII1J:!nt: 1) Jan. lO-Jan. 17. 1940. 

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

Number of germinated seed after 

8 

I 
9 

I 
10 

I 
II 

I 
12 

I 
13 I 14 

I 
IS 

1
16

;;
18

1 Total <days " " " " " " " 

0 0 0 0 I 0 0 0 0 0 0 

0 0 0 0 I I - 4 16 22 

II 17 . 20 10 5 2 - 3 2 70 

• I. 
13 20 18 8 I 5 2 - I 0 67 

Percen_ge 
of 

germi-
nation 

0 

21 

69 

66 
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Fig. IS. 

Curves of daily change in percentage of germination of the seeds of 
Picea Glenm"i and Piua jez()ensis in magnesium chloride solution, 

of different concentration i,n mol.· 
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Experiment 28 

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

Concent· 
ration 

of 
salt 

(mol) 

0.100 . 
0.010 

0.002 

Table 53 

Germination record of the seeds of Pt"cea Gleltnz"i 
in BaC12 -solution. Temp. 20°C. 

Duration of experiment: Jan. 29-Feb. 20. 1940. 

Number of germinated seed after 

8 

I 
9 

I 
10 

I 
II 

I 
12 

I 
13 

I 
14 

I 
IS 

/ 16;;23/ Total days .. .. .. .. .. .. .. 
0 o ,\ 0 0 0 0 0 0 0 0 

5 14 IS 9 13 4 4 5 8 77 

4 17 14 17 9 6 3 3 5 78 

Percentage 
of 

germi-
nation 

0 

78 

76 
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Concent-
ration 

of 
salt 

(mol) 

0.100 

0.010 

0.002 

, 
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Table 54 

Germination record of the seeds of Pieea Jezoensis 
in BaCl 2 -so1ution. Temp. 20°C. 

Duration of experiment: Jan. 29-Feb. 20. 1940. 

Number of germinated seed aft\!r 

8' 9 10 11 12 13 . 14 15 
days I " I ." I " I " I " I " I " I 16;;

2 31 Total 

0 0 0 0 0 0 0 0 0 0 

8 IS 13 7 9 3 3 2 3 63 

23 22 12 6 3 2 1 1 0 70 

Fig. 16 

Curves of daily change in percentage of germination of the seeds of 
Fieet: Glehnii and Fieet: j,!zoensis in barium chloride solution 

of different concentrations. Conc~ntration in mol. 
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The results sbow 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, hut 
the' percentage of germination (l P. .Glek1iti and P. jeZIJensis in solution of 
o. f'mol was zero. That is to say, 0.1 mol ~o14tions of ~arium chloride in 
constant ;contact with the seeds :~f P. Gleltnii and P. jezamsis exercised a 
seriously harmful influence upon their germination, as shown in Tables 53 
and 54. 

Experiment 29' 

Alminium chloride. Results are shown in Tables 55 and 56, and 
Fig .. 17. 

/ 

The, germination of P. Glehnii seeds in the solutions of 0.0001-0.02 

mol was respectively the same as that in distilled water, but it was s~ightly 
decreased in the solution of 0.1 mol, and the germination of P. jestJe1tsis 
seeds in the solutions of various concentrations differed in each case. Such 
a diffi:!rence 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. Glef!.nii. 
But on the whole, the effects of alminium ion upon germination of Picea 
seeds were not so fatal as those of barium ion. 

Coricent· 
ration 

of 
salt 

(mol) 

0.1000
'
) 

o~looo2) 

0.02(02). 
0.01001) 
0.01002) 
0.00201) 
0.00202) 
0.001(2) 
0.00012) 

• 

Table 55 

Gerll,liRat~n record 9f the seeds of P. Gle/mit' 
in AICJa-solution. Temp. 20°C. . 

Duration of experiment: I) Jan. IQ-Feb. 3. 1940. 
2) Feb. 27-Mar. 16. 1940. 

Number of germinated seed after 

7 \ 
I; 

\ 

9 

\ 

10 

\ 

II 

\ 

12 

\ 

IJ 

\ 

14 1 15;;191 TOlal days " " " " " " " 

0 0 I 4 II 4 7 I - 27 54 I 
0 0 0 1 3 4 7 

I 

4 31 50 
0 2 10 :u .U II 7 I 4 7 :14 
0 7 8 19 IS 8 10 I - IS 82 I 

I 2 13 16 /6 IS 7 I 6 12 78 I 

0 7 18 14 II 8 6 I - 9 73 
0 4 I2 20 14 10 4 3 8 75 
I 7 8 18 12 'h 10 i 4 7 78 
0 5 7 16 II 16 10 

.1 
4 7 76 

Percentage 
)of 

germi-
nation 

52 
54 

, 76 
74 
77 
67 
76 
77 
76 
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Concent-
ration 

of 
salt 

(mol) 

0.10001) 

0.10001) 
0.02001) 
0.01002) 
0.01002) 
0.00202) 
0.00202) 
0.00102) 
O.OOIo!) 

" .S 
~ 
" Os 

S'n 
" ell 
$l 

" " e 
" c. 
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Table 56 

Germination record of the seeds of P. jezoensis 
in AICla-solution. Temp. 20°C. 

Duration of experiment:. i) Jan. H)-Jan. 27. 1940. 
2) Feb. 27'-Mar. 16. i940' 

Number of germin'ated seed after 

8 

1 

9 

1 

10 

1 

II I· ~~·I 13 

1 

14 

I 
15 116;;22\ Total days " " " " " " 

0 0 0 6 7 7 - 12 13 45 
0 0 0 2 3 10 8 5 2r 49 
0 8 II] 18 ·1I 4 I 0 2 61 . 

22 18 14 8 4 I - I 2 70 
I 14 15 12 6 6 3 I 3 61 

22 18 10 12 5 3 - 2 2 74 
5 13 20 19 6 3 I 0 4 71 
0 5 16 II 6 4 0 3 1 46 
2 13 21 II 9 3 2 2 3 66 

Fig. 17 

Curves of daily change in percentage of germination of the seeds of 
Ticea C/e!mii and Picea jezoensis in alminium chloride solution 

in different concentrations. Concentration in mol. 
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3 Antagonism of snIts to germi'nation 

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' an"Other· salt; and this . phenomenon is called antagonism. 
FrOilt the results in the experiments described above in this paper and the 
review of literatures with respect to the effects of ions upon the physi~lo­
gical function of plants it may be considered that there also may exist 
some antagonistic actions 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 2 I. 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, I mol concentration. The 
combinations of salt solutions are seen in Tables 55 and 56. Results are 
shown in Tables 57 and 58. . 

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

Upon germination of P. Glehnii seed (a): ---I serid Na+K>Na+ Ca>Na+ Mg>Na+ Ba>Na+Li (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>Mg+-K>Mg+Ca>Mg+Ba>Mg+U 
V series Ba+Na>Ba+Ca>Ba-t-K>Ba+Mg>Ba+Li 

VI series Li+Na>Li+Ca>Li+K>Li+Mg>Li+Ba . . 

Upon germinati.on of P. jezoel1sis se~d (b): ---I series Na+ Ca>Na-t-K>Na+ Mg>Na+ Ba>Na+ Li (germination poor) 

II serie~ K+Na>K+Ca>K+Mg>K+Ba>K+Li 
III serie~ 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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Salts 

H 2O 

Cae)! 

Ca(9):K{I) 

Ca (8): K (2) 

Ca(4):K(6) 

KCI 

K(9):Na{l) 

K(8):N:i(2) 

K(4):Na(6) 

NaCl 

Na (9): Ca(I) 

Na (8): Ca (2) 

Na (4): Ca (6) 

Ca (9) :Mg(l) 

Ca(8):Mg.(2) 

Ca(4): Mg (6) 

MgCl 

Mg(9):K(I) 

Mg(8):K(2) 

MgC4):K(6J 

Mg'(9): Na(l) 

Mg (8) : Na 12) 

Mg (4): Na (6) 

BaCI! 

, 

SENNOSUKE YAMAGUCHI 

Table 57 

Germination record of the seeds of Picia Gle!mii. 
Duration of experiment: Apr. 2o-May 13. 1940. 

Concentration of salts was O. 1 mol. 

Number of germinated's~ed' after .Number 
of 

d~ys 1 I I I 115;;241 Total 
cracked 

10 + II 12 13 14 seed " " " " " 

IS 13 14 6 8 4 5 65 7 

0 0 0 0 [ [ 23 25 44 

0 0 I I 3 2 18 25 39 

0 0 0 2 2 I 26 3[ 38 -
0 0 0 3 7 5 10 25 , 43 

0 0 0 2 ~ I 20 25 33 

0 I 3 7 7 8 15 4[ 23 

0 I 3 6 12 9 20 51 29 

3' 5 7 10 IS 9 14' 63 IS 

6 13 15 13 9 3 4 63 4 

9 10 15 9 6 4 I2 65 7 

0 7 11 12 14 .9 15 68 [3 

0 I 0 I 2 4 _ 18 26 46 

0 0 0 I 2 I, 18 22 40 

0 0 0 I 2 3 . 32 38 35 

0 0 0 0 5 2 ~ 30 35 

0 0 0 0 0 I 10 II 21 

0 0 I 4 6 5 24 40 29 , 

0 0 I 3 3 5 24 36 37 -0 2 0 2 2 , 
6 25 37 47 

0 0 'I I . I 2 28 33 31 

0 I 2 3 7 ~ IS 32 22 

0 I 4 II 8 8 27 .59 20 

0 0 0 ,. 0 0 0 0 0 23 

Perd:nlage 
of 

germi-
nation 

64 

25 

25 

31 

25 

25 

41 

50 

64 

63 

54 

69 

26 

22 

38 . 
28 

II 

40 

36 

37 

34 

32 

59 

0 
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Table 57 (Continued) 

Number of germinated seed after Number Percentage 

Salts of of 

I I I I I 115~241 Total 
cracked germi-

9 10 IJ 12 13 14 seed nation 
days " " " " " . 

Ba(9):K(I) 0 0 0 0 0 0 0' 0 54 ~ 0 

B:i(8):K(2} 0 0 
, 

0 0 0 0 2 2 57 2 

Ba (4): K (6) 0 (, 0 I I :: 17 21 51 21 

Ba(9):Na(l) '0 0 Q 0 0 0 0 0 57 0 

Ba (8): Na (2) 0 0 0 0, 0 0 :: z, 58 z 

Ba(4):Na(6) 0 0 I 3 2 4 ZZ 32 36 33 

Ba (9): Ca (I) 0 0 0 0 0 I 8 9 48 9 . 
Ba (8): Ca (2) 0 0 0 0 0- 0 2 2 59 2 

Ba (4): Ca (6) 0 0 0 0 0 2 28 30 43 30 

Ba (9): Mg (1) 0 0 0 0 0 0 0 0 34 0 

Ba(8): Mg(2) 0 0 0 0 0 0 0 0 27 0 

Ba(4):Mg(6) 0 0 0 I 0 0 5 6 30 P 

LiCI ~ 0 0 0 0 0 0 0 0 3 0 

Li(9):K(I) 0 0 0 0 0 0 . 0 0 4 0 

Li (8): K (Z) 0 0 0 0 0 0 0 0 4 0 

Li(4):K(6) 0 0 0 0 I 0 4 5 18 5 

Li(9):Na(l) 0 0 0 0 0 0 0 0 6 0 

Li (8): Na,(2) 0 0 0 0 0 0 0 0 7 0 

Li (4): Na (6) 0 I 0 1 I 0 2 '8 12 21 12 

Li(9):Ca(l) 0 0 0 0 0 0 0 0 8 0 

Li (8): Ca (2) 0 0 0 0 0 0 0 0 8 0 

Li (4): Ca (6) 0 0 0 0 0 0 7 7 Z4 7 

Li(9):Ba(l) 0 0 0 0 0 0 0 0 6 0 

Li (8): Ba (z) 0 0 0 0 0 0 0 0 7 0 

Li (4): Ba (6) 0 0 0 0 0 0 0 0 "I3 0 

Li(9):Mg(l) 0 0 0 0 0 0 0 0 4 0 

Li (8) I Mg (2) 0 0 0 0 0 0 0 0 6 0 

I-i (4): Mg (6) 0 0 0 0 I 0 2 3 26 3 
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Table 58 

Germination record of the seeds of Picea jezoe1Zsz"s. 
Duration of ~xperi111ent: Apr. 20-May 13· 1940. 

Concentration of salts was o. I ~ol. 

Number of germInated seed after Number Percentage 

Salts 
of of 

8 

1 1 1 I 1 
I 14;;241 Total 

cracked germi. 
9 10 II 121 13 seed nation 

days " " " " " 

H 2O 7 19 13 14 4 5 2 64 3 65 

GaCl: 0 0 0 0 0 0 II II 31 II 

i 
Ca(9):K(I) 0 0 0 0 0 I 20 21 33 21 

Ca(8):K(2) 0 0 0 2 3 7 19 31 23 31 

Ca (4): K (6) 0 0 0 I 3 5 29 38 23 38 

KCl 0 0 0 3 2 3 33 41 38 ' 41 

K(9):Na(t) 0' 0 0 I I 3 19 24 33 24 

K(8):Na(2} 0 2 3 II 15 7 17 ' 55 7 55 

K (4): Na (6) 0 2 9 16 12 9 12 60 8 61 

NaCI I 5 9 12 8 II 16 62 8 61 

Na(9):Ca('I) 0 5 12 '16 10 8 10 61 6 60 

Na (8) : Ca (a) 0 2 8 J2 12 9 18 61 4. 60 

Na(4):Ca(6) 0 0 0 0 4 6 26 36 19, 36 

Ca(9):Mg(I) 0 0 0 0 0 0 7 7 2( 7 

Ca(8):Mg(2) 0" 
., 

0 0 0 0 0 19 19 30 19 

Ca(4):Mg(4) 0 0 0 0 0 0 14 14 16 14 

MgCl 0 0 0 0 0 0 22 22 46 22 

Mg(9):K(1) 0 0 0 0 0 1 17 18 16 .18 

Mg(8):K(2} 0 0 0 0 0 I 18 19 II 20 

Mg(4):K(6) 0 0 0 I I 2 25 29 33 29 

Mg(9): Na'(I) 0 0 0 0 1 4 21 26 10' 26 , , 
Mg(8):Na(2) 0 0 0 0 I 2 27 30 26, 29 

Mg(41 : Na,(6l 0 0 I 4 9 8 32 54 5 54 

BaCI. 0 0 0 0 0 0 0 0 12 0 

~ 
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Table 58 (Continud) 

Number of ge,rminated seed after Number Percentage 

Salts 
of of , 

I I I I 
114;;241 Total 

cracked germi-
8 

I 
9 10 11 12 13 seed . nation 

days " " " 
,. ." 

... 
Ba(9):K (I) 0 0 0 0 0 0 2 2 27 2 

Ba(8):K(2) 0 0 0 0 0 0 6 6 36 6 

Ba (4): K (6) 0 0 0 '0 0 I 17 18 37 18 

Ba (9): Na (I) 0 0 0 0 0 0 0 0 16 0 

Ba(8):Na(2) 0 0 0 0 0 0 3 3 40 3 , 
Ba(4):Na{6) 0 0 0 0 I 2 23 26 24 26 

Ba (9): Ca (I) 0 0 0 0 0 0 7 7 23 7 

Ba (8): Ca (2) 0 0 0 0 0 0 22 22 26 22 

Ba (4): Ca (6) 0 0 0 0 0 0 0 0 15 0 . 
Ba (9): Mg(l) 0 0 _0 0 0 0 0 0 14 0 

• 
Ba (8): Mg(2) 0 0 0 0 0 0 I I 24 I 

Da (4): Mg(6) 0 0 0 0 0 0 3 3 13 3 

LiCI 0 0 0 0 0 0 0 0 10 0 

Li (9): K (I) 0 0 0 0 0 0 0 0 4 0 

Li(8):K(2) 0 0 0 0 0 0 0 0 6 0 

Li (4): K (6) 0 0 0 0 0 0 0 0 19 0 

Li(9):Na (I) 0 0 0 0 0 0 0 0 13 0 

Li(8):Na(2) 0 o· 0 0 0 0 0 0 6 0 

Li(4):Na (6) 0 0 0 0 0 0 0 0 17 0 

Li(9):Ca(I) '0 0 o· 0 0 0 0 
I 

0 7 0 

Li (8): Ca(2) 0 0 0 0 0 0 0 0 10 C! 

Li (4): Ca (6) 0 o· 0 0 1 1 9 II' zl II 

Li(9):Ba(l) I 0 0 0 0 0 0 0 0 5 0 , 
Li (8): Ba (2) 0 0 0 0 0 0 0 0 6 0 

Li (4) : Ba (6) 0 0 0 0 0 0 0 0 7 0 

Li (9): Mg (I) 0 O. 0 0 0 0 0 0 5 0 

Li (8): Mg (z) 0 0 0 0 0 0 0 0 
, 

13 0 

Li (4): Mg (6) 0 0 0 0 0 0 0 0 19 0 
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As, is seen in the above summat'izing 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 s~own 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 not, 
also harmonize with the results of the experiments on absorption of water 
by seed and its swelling. That 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 exist's between Ca and Na or 
K; but it' does not exist between Na and K 61' 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 Pieea seeds was excellent generally 
parallei 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 
~ntagonism to the germination could not .be recognized between K and L, 
Mg and V, Ba and Li. Ca and Li, and Na and Li. But it may be said 
that the excellent effect of' Na and K in a certain combination was seen . 
in germination so far as Picea 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 iii many 
points such as osmotic phenomenon, ionic action, permeability; diffusion In 
solution or nutrient val~es as a nutrient source. Therefore these experi­
ments were projected to. see the relation 'of non-electrolytes to. the germi­
nation of P. Glelmii and P. j'ezoenst's seeds, to compare with each other 
the results of experiments which were perf9rmed by using electrolytes or 
non-electrolytes, . and to ~ee 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 in Tables· 59-62, and Figs. 18 and 19· 
From the results in Tables 59-60 and Fig. 18 it may be 'seen tha:t 

tile percentage of germination of P. Glehnii seeds decrease in accordance 
with increasing: of concentration of saccharose solution. The percentages 
of germination irl solutions of less than O. I mol concentration was. nearly 
the same as that in <llStil1ed water. Therefore it may be said that· the 
saccharose solutions of 1ess than O. I mol concentration did not exert harmful 
effects, . which may depend on the osmotic action of solution, upon the 
germination of P. Glehllii and P. jezoensis seeds. In the solutions' of more 
than 0.2 mol the percentages of germination of the seeds very much de­
creased ~ P. G/eknii seeds did not germinate any mor~ it) tk sol~i.onso! 
more than 0.45 mol, and P. jezoenszs seeds did not germinate in the solutions 

. 

Table 59 • 

Germination record of the seeds of Pieea Glelmit" 
in saccharose solution. Temp. 20°C. 

Duration of experiment: I) Dec. 27 ... -1939- Jan. 1 I. 1940. 
2) Feb. 17-Mar. 4· 1940. 

Coneent· Number of germinated seed after Percentage rlltion 
of of 

saccharose' d~ys I I I I I I I I 16;;
18 1 Total 

germi . 
9 '10 II 12 13 14 IS nation (mol) .. .. .. .. .. .. .. 

1.001) 0 0 0 0 0 0 0 0 0 0 0 

0.802) 0 0 0 0 0 0 0 0 0 0 0 

0.60~) 0 0 0 0 0 0 0 0 0 0 0 

0.40 2) 0 0 0 0 0 0 1 0 I 2 2 

0.202) ° 0 0. 2 6 6 5 I 15 35 36 

0.10t ) 2 5 21 11 13 7 - 10 I ·70 70 

0.021)· 10 18 21 5 9. 4 - 7 I 75 76 

0.011) 13 17 20 6 7 3 - 5 2 73 73 

H
2
Ol) II 21 19 9 3 4 - 8 0 75 74 .. 

.. 
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;CQn.cent-
ration 

of 
saccharose 

'(mol) . 

0..45 

0.:40. 

0.·35 
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Table 60 

Germination record ·of the seeds of Picea jezoensis 
in saccharose solution. Temp. 20°C. 

I 

Duration of exPeriment: ,I) Sept~ I3-0d . 5. 1940. 

Number of germinated seed after 

~ j -
) ~ ) ~o j :. ) ~ I ~M j =v I =~ 1 ~ ) ~~ I~j =~ j ~ ~I ~ .~ -

~'t:! 00 0\ """ ..., ,... ....... ..., 100( ... , ... ~"O e---

0. 

0. 

I 

= 0 
.~ 

= '§ 
~ 

j 
= . 2l .. 
~ 

" 

0. 0. 0. 0. 0. 0. 0. 0.' 0. 6 0. 0. Q 

Q 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. I Z 

1 2 5 10. 9 5 '7 .3 2 2 2 ' 2 2 

Fig. 18 

Curves of daily change in percentage o.f germination of the seeds 
of Pied: Glelmi' and in saccharose solution of di.fferent 
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% 
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0.0 
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Days after start of germination test 

0. 

3 
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Percentage 
oC 

germi-
nation, 

0. 

• ·3 
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Table 61 
", 

Germination record 01 the seeds 01 P.-eea jezomsis 
in s~cch,!-rose solution. Temp. 20°C. 

Duration' 01 experiment':' I) Dec:' 27. 'i939:":Jan.' I I. '1940. ' 

z)" F~b. 17-Mar. 4.' 1940 . 

Concent· 
ration 

of-
saccharose 

(mol) 

1.001) 

0.80!) 

0.6o!J 

0·4o!) 

O.20!) 

0.101) 

0.021) 

0.011) 

HtO 

eoncent: 
ration 

of 
saccharose 

(mol) 

'0·35 

0·30 

0.25 

• 
Number of germinatQd seed after 

d~yS I 9 

I 
10 I II I 12 I 13 I 14 I 15 

1
16

-%4\ " " .. .. " " " " Total 

0 0 ,0 0 0 0 0 0 0' 0 

0 0 0 0 0 () 0 0 0 0 

0 0 0 0 0 0 '0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 2 I 10 13 

0 6 14 15 10 8 - 7 I 61 

. 
5 19 17 13 7 3 - 2 0 66 

8 21 16 13 5 2 - 2 I 68 

6 20 14 10 3 I - 3 I 58 

T;;tble 62' 

Germination record 01 the seeds of Pie ea' jezoensis 

in saccharose solution. Temp. zooe . 
. Duration of Experiment: Sept. 13-0ct. 5.1940. 

Number' .of germinated ,s~ed after' 

~f I~I~ I:" 'J"f' I"r r I~ I'~ I~ J~~I ] ~ ~ - - ~. ~ 

r--.,.g 00. lootNMvt.l')\O ~'V:~ .... ,~ ...... '""' ,.... ~ 

0 0 0 "0 '0 0 '2 2: 3 2 2 4 4 '6 25 

0 '0 0 0 0 0 0 J 0 0 0 I I 3 6 

2 3 7 
9, 

15 9 4 2 2 2 I I 0 0 57 

, 

Percentage 
of 

germi-
natioB 

0 

° 
0 

0 

14 

61 

64 

69 

58 

Percentag!! 
of 

germi-
nation 

26 

6 

60 

.. 
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~ig. _,19 

Curves of daily change in pereentage of germini1tion of the seeds of 

Pic<!a j<!z,imsis in saccharose' solution of different 

'Concentrations. Concentration in mol: 

100 

90 

80 
c: 
.9 70 (:J 
c: 
'§ 60 
~ 

'" eJ) 50 

'" c 
OJ 40' 
~ 

r1:: 
30 

20 

10 

0 
,.-' 

% . 8 9 10 11 I2 13 14 IS 116-24 days 

Days after start of germinatioa 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 mal or 0.40 mol. Judging from these 

facts it may be considered that 'the critical concentration of saccharose 

solution in respect to germination of Pieea seeds may ~haps exist at 0.42 

mol' in P. Glehnii and at 0.38 mol in P. jezoensis. The concentration of 

the solution used in the present experiments throughout the capacity mol, 

i. e. one gram molecule of every substance in 1 L. of the solution, was 

adopted. In other wards, in such ,concentration the Pieeaseeds <:an not 

germinate in the saccharose solution. The critical concentration of sa<:cha­

rose solution forgerminatio~ of P. Glelmii seeds is slightly higher than 

that of P. je.zoe1tsis. 
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GlYcerine 

Experiment 32 

79' 

The effect of glycerine llpon germination in differ~nt concentrations 
was studied. Results.are shown in Tables 63 and 64, and Figs 20 and 
2I. 

Table 63 and Fig. 20 show that in concentrations 'of more than 1.0 

mol germinatioq or P. Gleltnii seeds was checked, 'in solutions of 0.. 10 or 
o.~ mol it was as high ~sin distilled water, but in solutions of 0.2-0.6 mol 
germif}ation was lower than in 'more dilute solution$. In Table 64 and 
Fig. 2 I it was seen that germination of P. "Jezoensis in a higher concent­
ration than 1.0 mol was not observed, and in those sEllutions of le5is than 
0.2 mol germination was very good. At any rate, germination of P. Gldmii 
and P. jezoC1tsis seeds decreased in accordance with the increasing of 
glycerine concentration. 'The maximum concentration of glycerine solution 

Concent-
ration 

of 
glycerine 

(mol)' 

1.301) 

1.201) 

1.101) 

1.001) 

1.002) 

0.80-1) 

0.(03) 

0.4(3) 

0.203 ) 

0.1(2) 

0.01 2) 

Table 63 

Gennination record of the seeds of Picea Gleltnii 
in glycerine solution. Temp. 20°C. 

Duration of experiment: I) Sept. 13-0ct. 5. 1940. 
2) Feb. J7-l\1ar. 5. 1940. 
3) Mar. 2-Mar. 24. ]940. 

Number of germinated seed after 

dlys I 8 I I 10 

I 
·11 

I 
12 I 13 I 14 

1
15

-
25 9 Total " If " " " " " " 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

,0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 z Z 

0 0 0 0 0 0 '0 0 18 18 

0 0 0 0 1 4 II 9 30 55 
0 0 0 4 11) II 10 10 19 64 

0 3 3 6 14 9 12 9 18 74 

0 3 6 13 17 16 9 5 8 77 

3 13 15 16 13 8 4 J 4 77 

.rer~ntage 
of 

germi-
nation 

0 

0 

0 

0 

2 

17 

53 

64 

7 2 

78 

7'1 



Concent. 
ration 

of 
glycerine 

(mol) 

1'30t) 

1.2On . 1.101) 

'I.OOt) 

I.oo!) 

0.803> 

0.603) 

0.4(3) 

0.2(3) 

0.102> 

0.012) 
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Table 64 

Germination record of the ,seeds of Pieea jezoe1lsis 
in glycerine splution .. Temp. 20°C. 

Duration of~~p~riment:' I) S~Pt'. ij:..oct. 5~ 1940: 
2). Feb .. 27-Mar. 16. 1940. 

3) Mar. 2:-:-Mar .. 24. d940 . 

Number of germinated seed after 

" 

dIys I 8 

I 
9 

1 

10 

I 
11 I, ~~ 1 

'3 I 14 115;;251 To~al " " " " " " 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 o· 

0 o· 0 0 0 o· 0 0 0 0 

.. 0 0 0 0 0 0 
.. 

0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 .0 0 0 0 4 4 
0 0 0 0 2 0 I 8 36 47 
'0 P 0 \3 7 10 c. 9 15 ' 10 ,54 

0 5' 8 19 17 10 7" 6, 5 77 
0 0 13 13 19 II 3 I 5 65 

, . .' 
5 ,13 14 IZ .. 16 4 3 I 2 70 

Percentage 
of 

germi. 
!lation 

0 

0 

0 

0 

0 

4 

46 

54 

75 

,64 

68 

to 'allow thegerniimition of P: G!elilli£ seeds 'is slightly higher than that 
for P. jezoensis. Furthermore it is interesting to note that germination of 
seeds ofP. Glehnii and P. jezomsis does not occur in the saccharose 
s~lution of 0-4 mol notwithstanding both seeds have' germihated~ in the 
glycerine solutions of 0.6 or 0.8 mol concentration. That is to say, no 
injury upon germinatiqn of both seeds occurred in glycc:rine solution higher 
than oAmol concentration, while in dilute saccharose solution less than 0.6 ' 
mol the germination could not occur. A consideration on the cqus~ of 
these different influences of saccharose and glycerine on the germination of 
Pieea' 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 glycerine is very hygroscopic, it~ay 
be probable that the concentration of glycerine solution became more dilute 
in the thermostat during experiment. To clarify this point the following 

<:~p~r!,rnenf \.\'a~.perfo.~med. . .... ".' ... ' 
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• 
Fig. 20 

Curves of daily change in percentage of germination of the seeds 
of Pian Gldmii in ~Iycerine soJutio~ of different concentrations. Coneentration in nl0\, 
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Fig, 2J 

Curves of daily change in percelltage ofgerrnination of the seeds 
of Pian ;;'zoen.ris in glycerine solution of different concentratio!l's, Concentration in nlol. 
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.. 
Exp.eriment 33 

After the total weight of a bottle with 5 cc 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 Percentage 
of decreased ration Initial glychine.solution after (grm) weight of of weight glycerine glycerine 

.1 .1 I 
during 13 (mol) 

L 
1 day 3 days 7 days 13 days days (Yo) 

\ 

0.05 5.0300 -0.3163 -1.5953 -3.0190 
, 

-4.80" 95 

0.10 4.9912 -0.2058 -0·7097 -1·3959 -2.8603 57 

0.20 5.0432 -0.2339 ..... 0.7067 -1·4434 -2.635° 52 

0.30 4.9833 ,-0.1952 -0.5888 -1·3788 -2.1909 43 , 
0·40 5;02°7 -0.2447 -0·8007 -1·7776 -3.1262 62 

0.50 5.0481 -0.3788 -1·°575 -2.7616 -4.4034 87 

. 0.60 5.0431 -0.3398 -0.8476 -1.7168 . -3.1708 62 

0·70 5.0493 -0.3162 -0.8567 -!·7409 -3.4814 68 

0.80 5· I178 -0.3228 -0.7963 -1·7455 . -3.6390 71 

0·90 5.0925 -0.2637 -0.755 1 - 1.7561 -3.2983 64 

1.00 5.0981 -0.2949 -0.8960 -2.0861 -3.4338 71 

• 
As is shown in tht; 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 glycerine solution decreased by evapo-
ration of water, and the .evaporation of water increased in. crccordance with 
the decreasing of the concentration of the solution. In general, in the 
gennination test the decreasing otwater from the germination vessel must 
be taken into consideration, especially in the experiment to see the relation 

• 
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between the concentration of salts or other substances. and germination of 
seed, because though the concentrations of, the solution were made equal 
at the beginning of expe\"iment they may. easily change during the experi· 
ment in thermostat. 

Urea 

Experiment 34 

To. find' out the influence of urea solution of various concentrations 
upon germination of Picea seeds Experiment 34 was carried out. Results 
are shown in Tables 66 and 67, and Fig. ~2. 

ID'·the urea solutions below' 0.,1 mol concentration seeds of P. Clchnii. 
germinated nearly as well as in distilled water, but P. 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 Gleltnii 
in urea solution. Temp. 20°e. .'-

Duration of experiment: 1) Jan. 9-Feb. 16. 1940. 
2) Mar. 6-Mar. 22 .. 1940. 

eoncent· Number of germinated seed after Percentage ration 
of . of 

urea 9 

I 
10 

I 
l[ 

I 12 

I 
1~ 

·1 
14 

1 
15 

I 
16 

/17;;25/ Total 
germi. 

.> nat'on (mol) days " " " " " " " , 
I 

1.(01) 0 0 0 0 0 0 0 0 0 0 0 

0.8(2) 0 0 0 "0 0 0 0 0 0 0 0 

0.602) Q 0 0 0 0 0 0 0 0 0 ? 
0.402) 0 0 0 0 0 0 0 0 0 0 0 

~ 

0.202) 0 0 0 0 0 3 3 0 0 6 7 

O.IOt) 2 6 12 10 Il 6 

I 
- 7 4 58 60 

0.021) 

I 
8 IS 18 I} 9 4 - 6 2 71 69 

• 



Concent-
ration 

of 
urea 
(mol) 

1.001) 

0.802) 

0.60!) 

0·40~) 

0,201) 

0.101) 

0.02 
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Table 67 

Germination record of the seeds of Piaa jesoetlsis 
in urea solution. Temp. 20°C. 

Duration of experiment: J) Jan. 9-Feb. 16. 1940. 
2) Mar. 6-Mar. 22. 1940. 

Number of germinated seed after 

8 

I I 
10 

I 
II 

I 
12 

I 
IJ 

I 
14 

I 
IS 

116;;171 Tot;tl 9 
days " " " " " " " 

0 () 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 I 0 0 I 

0 8 S 8 S 4 - 2 2 34 

II 19 IS 7 4 3 - 2 I 62 

Fig. 22 

Percentage 
of 

germi-
nation 

0 

0 

0 

·0 

I 

36 

62 

Curves of daily change in percentage of germination of the seeds of Pian Cl~hllii and 
Picen jezomsiR in urea solution of different concentrations. Concentration in mol. 
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mol the percentage of germination. of P. Glehnz"z" seed in saccharose 6olution 
was 36 %, in glycerine solution was 72 %, and that of P. /ezoensis in 
sacchM'ostI solution was 14 %, in glycerine solution was 75 % and in urea 
solution was only 1 %. These results indicate that although the concent­
rations of these three-non-electrolytes were the, same, their intlueqces upoQ 
germination of Picea seeds varied. 

Judging from these/acts it may be said that urea is very harmful 
upon germination of Picfa seeds even when the concentration of urea was 
lower than that of saccharose J or glycerine splutions. As the cause of 

'such striking harmful effects upon germination in urea solution, the following 
points may be taken into consideration: firstly special permeability, secondly 
action of ~rea on physiological function of plants. tn articles already 
published (1929, 1935), the writer has stated that the nutritive value of 
~rea 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 he regarded as the most important factor, and concerning this 
pro.blem the following wqrks, have bee.n published: TAKEUCHI (190;), for 
the first time, derponstrated that urease exists not only in lower organisms, 
hut also in higher plants. According to KlESEL'(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 intim<!-te relation exists between the occurrence of urease and pre­
sence of urea in the culture solution. TAUBOCK (1927), YAMAGUCHI (1930; 
1935), GRANICK. (1937 a, h, 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 hodie~ From these 
investigations it may he 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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Experitnent 35 

The seeds of P; Gle!mii and P. jezomsis were germinated 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 ~ere transferred to another PETRI-dish' and after sufficient washing 
in distilled water, 200 individual Picia seeds weieground in a por~elajn 
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 50 cc capacity with other substances. 

Alcohol extract of sample 5 cc 
Urea (MilOO) 25 cc 

. 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 keeping this mixtu~e for 
2 hours in the thermostat at 30°C. the total free ammonia was estimated 
by the micro-Kjeldahl method. As control a mixed solution was used, 
which was prepared using distilled water instead of 0.0 I .... mol urea solution. 

Table 68 

P. Glelznii and P. jezoensis. ,200 ~rains. 
. . 

Seed submerged day 

Seed 

Control I 2 I 4 I 6 

Urea decomposed (mg) (0.03) 0.06 0.16 0.21 0.34 

P. Glehnii 

Percentage of urea decomposed (%) 0.4 1.06 1-4 2.26 

Urea decomposed (mg) (0.03) 0.04 0.18 0.10 0.24 

P. jezomsis 

Percentage of urea decomposed (%) 0.26. 1.20 0.66 1.60 

Table 68 shows that the occurrence of urease in Picea seed 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 
Picea seeds was proved. From this fact it may. be reasonable to believe 
t~at the decomposition of urea, though some of it i$ 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 cha~ge. On the other 
hand, as the action of urease is very quick, its occurrence in the germi~ 
nating seed may affect the change ot transportation of urea. In order to 
see the change of pH-value and detect- the presence of ilrea in germinating 
seeds Experiment 36 was performed. - -

Experiment '36 

. The hydrogen-ion concentration of the eXRressed sap of germinating 
seeds was determind in the following manner, using the indicator of CLARK 

and LUBS. A small drop of dilute i~dicator 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 TAuBOcK (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 ureldes which can be derived 
from the resorbed urea. 

Table 69 

P. Glehnii -

Concentration of urea 
pH of expressed sap of germinated seed 

(mol) 

I 

Detection of urea 

Control (initial) After 1 days 

0.1 4.6 8·7 -
0.2 4.6 8·9 ± \ 

0·3 4.6 9. 1 + 
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 so!.ution aad the duration of germinating test. Furthermore, 
in this case there occurs an accumulation of· a lar~e amount of ammonia 
in germinating seeds, . then it results in ammonia-poisoning as ftated by 
MEvIUs (1928). SATO and the pr~sent writer (1939) proved th~t the 
growth of P. Gleh1lii and P. jezomsis seedlings in less acidic or alkaline 
side was very poor and il\ extremely alkaline side (pH 8,5) the growth 
was injured. Judging from these facts it may be concluded that the poor 
germination of Pieea seeds in urea solution of more than 0.2 mol conc~nt­
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.)1rea 
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 resotbed as urea itself by seed. 

Alcohol 

An investigation on the influence of alcohol upon ghmination ofPieea 
seeds was carried 'out in Experiment 37. 

Experiment 37 

Results are shown in Tables 70 and 71, and, Fig. 2.3. 

Concent­
ration. 

C%) 

10 

5 

Table 70 

Gerinination record of the seeds of Pieea Glelmii 
in alcohol solution. 

Duration of experiment: Mar. 2 I. 1940-Apr. 12. 1940, 

o 

o 

'6 

o 

o 

o 

9 

8 

Number of germinated seed after 

13 16 

12 10 

12 

17 

8 

7 

5 

14 

6 

4 

25 

6 

3 

60 

66 

Percentage 
of 

germi­
nation 

61 

71 

66 



Concent-
ration 

(%) 

10 

5 

I 

GERMINATION OF YEZO SPRUCE SEED 

Table 71 

Germination record of the· seeds of Picea jezomsis 
in alcohol solution. 

Duration of experiment: .Mar. 21. 1940-Apr. ~2. 1940. 

Number of germinated seed after 

d;ys I I I I 1 I I 17-;;221 Total 10 III 12 13 14 15 16 

" . " " " " " " 

0 0 0 0 I II 8 10 12. 42 

0 I 3 8 ~5 18 3 5 4 57 

2 10 4 14 7 5 1 0 2 55 

Fig. 23 

Curves of daily change in percentage of germination of the seeds of 
f'icea G/ehnii and Picea jezoensis in alcohol solution 

c: 
.£ 
ct 
c: 

"§ 

~ 
C1i' 
OJ) 

'"' = '" ~ 
~ 

of different concentration. 

100 r-------------------------------------~ 

go 

80 

70 

60 

50 

40 

30 

20 

10 

0 

% 9 IO II 12 13 14. IS 16 17-22 days 

Days after start of germination. test 

89 

Percentage 
of 

germi-
nation 

42 

58 

54 

The results in Tables 70 and 71 show that the. germination of Picea 
seeds was influ~nced 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, becaus~ the period of germination continued, 
22 days in many cases. Then, in order'to~ee' theevaporation,oLalcohol 
in thermostat of various temperatures the following experiment was carried 
out. 

Experiment 38 

Twenty cc of 5 % alcohol was poured into a glass vessel of 50 cc 
capacity, and after keeping this alcohol solution for I or 2 days in the 
thermostat of rooC, 20°C, 30~C, or 40°C, the total alcohol was estimated 
by NICLOUX'S method. 

Estimation of ethyl alcohoL - The estimation of ethyl alcohol was made 
according to NICLOUX'S method. Given quantities (say 5 cc) of the ethyl­
alcohol solutions of various concentrations, viz. from 0.01 to 2':00 %, were 
prepared, taken in a test-tube and 1 cc of 2 % potassiuin bichromate and 
5 cc of concentrated H 2 S04 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 ethyl alcohol was made. 
Five cc of sample to be tested. were put in the test-tube, an.d mixed with 
potassium bichromate and H 2 S04 as don~ 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. 

Results are shown in Table 72. 

Temperature 

lOoe 

20°C 

30°C 

, 40°C 

Table 72 

Concentration of alcohol 5 %., 

Alcohol (Il'g) 

I 'Initial Evaporated . 
0.80 0·7~ 

0.80 0·75 

0.80 0·75 

0.80 0·75 

Percen1\age of 
evaporated alcohol 

90% 
, 

95% 

95% 

95% 
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From this table it will be seen th,at the decre~s!ng of alcohol by 
evaporation in the thermostat was extremely great, and' that the decreasing 
of alcohol was greater in. the thermostat oChigher temperature than the 
lower. So that, perhaps, if the concentratiGln of alcohol solution Was kept 
stri6tly constant, du~ing expeJ:.iull!nt, the decreasing of the percentage of 
germination. may be even larger than that shown above in Tables 70 and 
7 I. But. the decreasing of percentages of germination was clearly seen in 
the alcohol solution of higher concentration compared with that in the lower . 

. 1) Hydrogen-ion concentration 

. ,The following Experiments 39-44 were carried out in order to seethe 
influence of hydrogen-ion concentration upon the germination of the seeds 
of P. Glehl1ii and P. jezocl1sis. The pH series of phosphate mixture was 
pr\!pared in the same manner. as describ-ed in Experiment 9. In this serie~ 
of e~periments, 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 ~ubstrates. Results are shown in Tables 73 and 74. 

Experiment 40 

The concentration of the phosphate mixture solutions was O. I mol. 
Results are shown in. Tables 75 ahd 76. 

Experiment 4l 

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

Experiment 42 

The concentration of th~ phosphate mixture solution' was 0.02 moL 
Results are shown in Tables 79 and 80: 

From Tables 73. 75, 77, 79 and Fig. 24 it may be seen that these 
variations in pH result in no significant difference in the rate of germination 
of P. G!ellfzii 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 O. I mol 
the influence of pH upon the germination is utterly different. In the 0.2 

mol concentration the decrease ill' pH caus~d the fall of germination, in 



pH 

3.0 -3.7 

4.0 -4.2 

5.0 -5:2 ' 

6.0-6.2 

7.0-,6.), 

8.0-7·3 

8.8-7·9 
Control 
H 20 

pH 

3.0-3·7 

4.0 -4.2 

5.0-5.2 

60-6.:; , 

, 7·0-6.4 

8.0-7.8 

8.8-8.2 
Control 
H 2O 
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Table 73 

'Germination "record of the seeds of F'icea Glelznii 
in the phosphate-mIxture solutions with different,pH-values. 

The: amount of phosphate in each solution was' 
.equal and thecol1'centratibnof phosphate tnixture was' Mis' 

Duratioh of experiment: Jan. ;9: . 194I;-'1an: 28.1'941., 

Number of germinated seed after 

8 
days 

1,',5 "I' 1,4, "1';'1,,5/ 16, /1 I ,. . 7;;25 Total 

, , 

o 0, I 
o 0 

0; '0 

:0 a 

:0 0 

o 0 

o 0 

4 3 

o 

o 

o 

o 

o 

o 

o 

6 

o 

6' o 

o 

o 
(): :.'" '0 \0 

'0' . ~'. 10 0 

o :1: 
5 I ~I 

'.0:;' 

4 

o 

o 

o 

(I 

3 

4 
2 

Table 74 

o 

o 

3 

3 
2 

o o 

o 0 

d 0 

'10' '. 6 

. 2 " '1'z' 

4 16 

2 17 

5 16 

. Germination record of thi! s'eeds of Picea je:;;oe1lsis 

o 

o 

49 

III the phosphate~mixture solutions with pifferent pH-values. 
The amount of the sodium ;in: each solution was 

Per· 
centage 

of 
germi. 
nation 

o 

o 

o 

equal and the concentr,ation of phosphate'mixture was Mis. ' 
Duration of experiment: Jan. 9. 194 I-Jan. 28. 1941. 

, . , 

Number of germinated seed after 
Per. 

centage 
of 

d:YSI 
9 

/ 

10 

I 

It 

/ 

12 

1 

13 

I 
14 

/ ' ~? I 
16 I 17;;251 Total 

gerll)i-' 

" " " " " " " ,nation 

0 0 0 I 0 0 0 0 0 0 1 I 
I 

I 

0 0 0 0 0 0 0 '0 0 2 2' 2 

'0 0 0 0 0 0 0 0 0 1 I I 

,0 0 0 0 0 0 0 3 0 5 8 8 

0 0 0 0 0 0 2 5 6 13 26 26 

0 0 ,0 0 0 2 5 4 6 18 35 34 
0 0 :',0 p I I 5 6 5 8 26, 26 

4 6 14 13 8 I' 2 I I 2 52 53 
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Tabk 75 

GerqlinatioQ' :recor:d ,or the 5~ds' of Pi~etk Glel1J1ifiJ 
,in t:h~ phospha~e-mixture sohitions with different pH:va1ue;;., 

T.he<illJloljJl~ Qf, phO§phatein ,each, -~Qlution Wi'S 

. :~ql!ala:rld "the~~£;oncentratjon ofphQsph~te mixtlHl<; W:'as ·1'4l1O. 
;Duration oCe:xperilpe!lt: Jan; 9. 1941;jari"zj;".il941. 

.. ' 

, • NJlmberof germinated ,seed after Per· 
, centage 

pIi of, 

10 I ~'I 12 I 13 I 14 I 15 I 16 

I 
17 I 18 11

:-,21 Total 
germi. 

.. days ,~ " " ",. " ", " nation 

3·~~·6 3' - 13 5 5 
I 

.4 2 6 .1 4 45 :·,54 
• ~ 4·Q-4.2 ,I 4 5 5 5 2 4 1 33 32 

5·2-5·3 0 - 5 4 3 6 2 .7- I 7 ~5 35 

5·~5·9 I - 3 3 4 7 0 4 ~ 2 2 26 26 

6.!Hi.2 :3 - 9 6 -5 5 ,2 5 1 ·3 39 39 
7.9-7.8 4 - 14 6 I 

I 
9 2 11-. I 3 44 44 

8.6-8.1 4 - 8 7 5 8 I 4 ,4 4 45 49 

-

Ta,ble 76 
. ' 

Germination record of the seeds of Rldea''jtiJoensis 
in the phosphate-mixture solutions with diffel!'ent pH-values. 

The amount of phosphate in ,each solution was 
equal and the concentration of phosphate mixture was, M! 10. 

Duration of experiment: Jan. 9· 1941-Jan. 28. 194L 

Number of germinated seed :after Per. 
centage 

pH of 

10 I II I 
12 

I 
I' 

I 
14' 

I 
IS 

I 
16 

1 

17 

1 
18 

)1
9
-

21
1 

germi. 
" " Total days " " " " " ", ", " nation 

I 
8 8 I 3.0-3.6 j .1 - 15 10 3 4 2 2 55 60 

4·0-4,2 2 '- 12 7 7 8 3 .' 2 6 50 I 52 

502-;·2 ' 0 - 6 6 7 8 3 5 5 7 47 I . 52 

5.9-6.0 I - 10 7 6 12 I 4 4 4 49 I 50 I 

6.8-6·3 5 - 19 1,0 6 6 2 4 3 3 58 I 59 

7·9-7.7 9 - 20 9 5 5 I 4 I .1 57 I 61 

8.6-8.0 8 - 18 8 10 8 0 7 2 2 63 I 64 
I \ 
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Table 77 

Germination record -of the seeds of Picea -Gleltnii 
in the phosphate-mixture solutions with different pH-values. 

The amount of phosphate in each solution was 
equal and the concentration of phosphate mbfture was M/25· 

Duration of experiment: Jan. 9. 1941-Jan. 28. 1941, 

Number of germinated seed after 
. 

pH 

d:ys I 7 
I 

8 

I 
9 

I 
10 

I 
II 

I 
12 

I 
13 

I 
14 I 15;;20 I TotaJ 

" " " " " " " " 

3.1-3.2 0 I S 12 

I 
8 9 7 6 3. 4 . 55 

4·Q-4·2 a 'I 0 IZ 10 13 7 6 3 6 58 
5.1-5.1 ci I 3 6 I 9 8 7 10 3 7 54 
6.0-6.1 0 I 2 6 

I 
7 8 8 4 2 6 44. 

6.8-6.4 0 I 6 7 9 8 7 5 z 4 49 
8.0-7·8 I 2 3 Il 8 to 7 3 2 5 52 

8·5-8·1 0 2 3 12 I 9 9 7 5 3 4 54 I 

Table 78 

Germination record of t~e seeds of Picea jezoetls:js 
in the .phosphate-mixture solutions with different pH-values. 

The amount of phosphate in each solution was 

Per· 
centage 

of 
germi-
nation 

57 

59 

55 
47 

49 
52 

S3 

equal and the concentration of phosphate mixture was M/25. 
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941. 

Number of germinat~d seed after Per-
centage 

pH of 

d~ys I 9 

I 
10 

I 
II 

I 
12 

I 
13 

I· 
14 

I 
15 

I 
16 I 17;;20 I Total 

germi-

" " " " " " " ." nation 
I 

3.1-3-3 "4 13 14 14 12 6 3 z I 0 69 68 

4.0-42 2 5 ~3 17 14 7 5 2 2 - I 68 .09 

5.1-5.1 3 8 9 18 12 6 .3 3 I 2 65 64 
6.0-6.2 ,j 7 12 II II 6 5 2 2 3 60 60 

6.8-'6'3 
. 

I IS 10 19 II 5 - 3 3 I- 2 70 70 

8·0-7·8 3 10 14 10 II' 7 5 3 I ~ 65 65 
8·5-8·0 I 9 27 10 9 3 2 ( 0 2 64 64 

, 
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Table 79 

Germination record .of theseed,s of Picea Glehllii 
\ in the phosphate-mixture solutions with different pH-values. 

The amount of phosphate. in each solution was 
euual and the concentration of phosphate mixture Was M/so. 

DUJ:f.ltionof experiment: Jan .. 9. I 94 I-Jan. 28. 1941. 

Number of germinated seed after Per· 
cen~age 

pH of 

dlY5 I 8-

I 
9 I 10 

I 
II 

I 
12 

I 
13 

I 
14 

I 
15 

\ 16;;20,\ Total 
germi. , 

" " " " " " " " nation 

I 
; 

2.9-3.1 0 1 4 9' 7 6 6 4 5 6 48 49 
4.2-,4.4 0 3 10 14 9 7 4 2 4 5 58 57 
5.1-5.2 0 5 7 II 9 6 6 3 3 5 55 53 
6.0-6.0 1 4 II 10 7 6 5 2 2 5 S3 50 

7.0-6.4 0 2 7 II . 9 7 7 I 3 6- 53 51 

8·0-7·8 0 4 10 II 7 6 7 4 I, 4 54 53 
8.6-8.1 I 3 7 4 6 7 6 3 I 3 41 41 

Table 80 

Germinatien record of tpe 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/so. 

Duration of experiment: Jan. 9. I941-Jan. 28. 1941. 

Number of germinated seed after 
Per. 

centage 
pH of 

d?Y5 \ 
8 

\ 

9 I 
10 

\ 

II 

\ 

12 

I 
I" 

I 
14 

\ 

15 \ ,16;;20 I Total 
germi. 

" 

" " " " " " " " nation 

2.9-3.0 I 3 13 15 10 10 5 

r 

5 2 I 65 65 , 
4.2-4.4 ·0 4 9 18 9 7 6 3 I 3 60 59 

5.1-)02 0 2 10 18 12 II S 3 I 4 69 68 

6.0-6.0 0 3 13 14 12 9 6 4 I 2 64 63 

7·0-6·3 I 5 10 . 16 7 7 3 
" 

3 0 '2 54 52 

8·0-7·S 0 2 13 ' 15 13 7 3 3 2 4 62 63 

8.6-S.1 0 3 II 17 II 6 10 2 2 3 65 65 
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Fig. 24'. 
,'. \~ .' " .. 

Curves of percentage of germination of the seeds of Picea G!ehnii 
'." ; T. ,. 

in soltitibn'S-with various pH-values; 

. 100 IT"'---;-~-"'~-:-. -.. -:-. ---:----:-__ , 

90 

80 

70 
c 

.9 
-::l 60 c 
.~ 

"'. 50 CIl 

'" CIl 

'"' 40 
<= 
~~ 

30 (1J 
p... 

20 
/ 

10 

o L-~ __ ~_~~ ________________ ~ 

X 3.0 4.0 5.0 6.0 7·0 8.0 9.0 H 2 0 

pH-value 

------'- PO.-C, MIS (Tab. 73) 

----- PO.-C, MIlO (Tab. 75) 

-'-'-'- PO.-C, M/2S (Tab. 77) 

._.- .. _-_ .. _ ... PO.-C, M/so (Tab. 79) 

A A. A Na;"C, Mis (Tab. 81) 

o 0 N~-C, M/so (Tab. 83) 

other words the, pH variations exercised great effect upon the germination. 

The relations amon~ pH variation and concentration of phosphate mixture 

and the germination of P. JezoClZsis seeds were also the same as in that of 

P. Glelmii seeds. (Tables 74, 76, 78, 80 and Fig 24). 

Accepting that as a fact could it be proved 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 

already described under Experiment 13. 
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Experiment '43 

In the present experimyJ}t the concentration i:>f the phosphate mixture 
solutions was 0,2 mol and 'the' amQlmt qf. sodium in eachsoll1tiqn with 
differentpH-val:ues was eq~~L' ", R€s~lts, are.s'h~w~.in Tables 81 and 82. 

, " " . 

Experiment 44 

In the' present experiment the 'concentration of the phosphate mixture 
solution was 0.02inol, and the amount of sodium in each solution with 
different pH-values was equaL" Results' are shown in Tables 83 and 84, 
and F~g. 25. 

Table 77 and 80 show t~at the 0.02, mol buffer solution of varIOUS 
pH-values'had no deleterious effect on the germination of P. Gte/mii ,and 
p. jezoe7lsis seeds, but it was found that when the buffer solution of 0.2 

mol concentration was used the pH variations exercised so great influence 
upon the germination that the pe~centage of germination of P. Gte1l1lzi and 
P. jezoe7lsis seeds in the solution of pH, 3.0 to pH 4.0 was lessened to 
nearly 1 r(o of that in the solution with pH 7.0 or more slightly on the 
alkaline side. Iii 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. 

Sum'marizing 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 authorsl

), 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 0.02 mol and 
BORTHWICK 0.0003 mol. On the other hand, FISCHER (1907), SALTER and 
ILVAINE (1920), ARRHENIUS (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 ge~mination. However, the pH 

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

Germination record of the' seeds of !,icea jezoensis 
in the phosphate-mixture solutions with diffe'rent pH-values. 

The amount of sodium in each ~oIution was 
equal and the concentration of phosphate mixture was Mis. 

Duration of eJo:perirnellt: Jan. 9. 194I-Jan. 28. 1941. 

Number of germinated seed after Per-
centage 

pH of 

d:YS I 9 I 
10 

I 
II 

J 

.12 

I n 
j 

14 

I 
15 

I 
16 I 17;;20 I Total 

kermi-

" " " " " " " " nation 

. -
3.0-3.7 0 0 1 2 3 6 4 7 5 20 48 44 

4.0-4.2 0 0 0 0 0 0 I 0 1 5 7 7 
5.0-5.0 0 0 0 0 0 0 0 1 1 4 6 6 

6.0-6.0 0 0 0 0 I 2 3 5 5 18 34 34 

7·0-7·0 0 1 4 3 7 9 3 4 :z 9 42 41 

8.0-7.8 1 I 7 6 7 7 5 4 3 5 46 48 

8.8-8.0 0 3 8 4 7 3 5 5 3 6 44 46 

Table 82 

Germination record .of the seeds of pi-eta jesoensis 
in t~e phosphate-mixwre solutions with different pH-values. 

The amount of sodium in each solution was 
equal and the concentration of phosphate' mixture was MIs. 

Duration of experiment: Jan. 9. 1941-Jan. 28. 1941. 

Number of germinated seed after Per-
centage 

pH of 

d~YS r 

9 

I 
10 

I 
II 

( 
12 I 13 I J4 

I 
15 

r 

16 I 17;;20 f Total 
germi-

,I " .. " " " " " nation 

3,0-3·7 0 0 0 I 0 6 7 6 7 I 7 17 50 52 

4.0-4.2 0 0 0 0 0 0 0 0 I 0 2 2 2 

5.0-.5.0 0 0 0 0 0 0 0 0 I 0 I I I 

I " 6,0...6.0 0 0 0 .. 0 1 I 3 2 3 22 32 33 

7.0- 6.5 0 0 1 2 II 8 6 8 8 13 57 57 .. 
S 6 65 8,0';7·7 0 2 7 II 13 5 6. 8 66 

8,8-8.0 0 2 
I 4 .4 II 13 8 4 4· I II 61 60 
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Table 83 
·r . 

Germination record of the seeds of Picea Glehllii 
. ~ 

in the phosphate-mixture solutions with different pH-values. 

The amount of sodiuniiri·e~i'ch solution was 

equal and the concentration of phosphate mixture ,was M/so. 
Duration of experiment: Jan. 9. 1941-Jan. 28. 1941. 

Number of germinated seed after 

pH 

d~ys I 9 

I 
10 

I 
II 

I 
12 I 

I~ 

I 
. 14 

I 
15 

( 
16 

117;;241 Total ., 
" " " " " " " " 

I ! 

I I 
I I I 

I 

I' 3·0-3·6 i 2 : 10 II 8 7 5 2 .5 0 4 54 , 

I 4.0-4. 1 i I I 8 12 5 7 I 3 I 3 ·3 2 2 4 6 
I 

I I I 5.0-5. 1 i 0 5 14 7 4 

I 
4 4 3 

I 
3 I 4 48 

6.0-6.0! I 6 13 8 8 7 I I 2 3 i '2 51 , 

i 

I 
! I I 6.8-6·4 : 3 12 I 14 7 5 3 3 

I 
3 2 4 I 56 

I 

I I 
I 

I i 
1 7.6-7-4 i 4 9 12 5 6 1 6 2 2 ! 2 ! 2 50 : 

I I i I - I ~ 8.4 8.0 7 I 5 4 44 6 7 4 4 3 I I ~ 

i 

Table 84 

Germination record of the seecls of Picea jezomsis 
in the phosphate-mixture s?lutions with different pH::values. 

The amount of phosphate in each solution was 
equal and th~ concentration of phosphate mixture was M!so. 

pH 

3.0 -3-7 

4.0 -4.2 I 

5.0 -5.0 I 

6.0-6.0 

6.8-6·5 . 

7.6-7-2 . 

8.4-7.6 : 

, 

Duration of experiment: Jan. 9. 1941-Jan. 28. 1941. 

o 

o 

o 

o 

3 

4 

3 

Number of germinated seed after 

9 10 

" 
I 

II 

" 
12 

2 I IS ' 13 
'8 :. 18' 8 

I 
6 I 16 

5 I 15 
9 I 18 

'; I :; 

II I' II 
17 12 

:: I I~ 
12 I 10 

8 

8 

II 

II 

7 
12 

5 

14 15 
" " 

5 5 I 

7 :2 I 

5 3 

4 2 

5 3 
2 

2 I 3 

99 

Per-
centage 

of 
germi-
nation 

55 

49 

49 

52 

56 

50 

45 

Per· 
centage 

of 
germi­
nation 

67 

70 

68 

71 

69 

66 

64 
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Fig. 25 

Curves of percentage of germination of the seeds of Pic~a jtzomsis 

in solutions with various pH.values. 

100 

90 

80 

c 70 
0 

";i 
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§ 
" til 50 
%'n 
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" ~ 
~ 30 

20 

10 v o L-~==~~~~ ____ ~~ ______ -J 

% 3.0 4.0 5.0 6.0 7.0 8.0 9.0 H 2 0 

pH·value 

---- PO.-C, Mis (Tab. 74) ................ PO.-C, M/so (Tab. So) 

----- Pq.-C, M/ro (Tab. 76) 6 A !:;;. Na-C, MIs (Tab. 82) 

--_.-.- PO.-C, M/2s (Tab. 78) GOO Na-C, M/so (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 role 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 b~ taken\as a 
most responsible factor in company with pH-value in the germination oL • 

;, Picea ~eeds. 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 solutibns varies so far as theconcentration 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 unreasonabll? 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 th~ difference of pH-value, as can be dearly 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. 

{) Temperature 

In order to study the influence of temperature' upon germination of 
p. Gte/mii 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 85. 

The results of the present experiment show clearly that the higher 
temperatLlre retarded the germination of Picea seeds more severely than 
the lower temperature. The percentage of germination of P. Gle/t1lii seeds 
at 20°C was 77 % but that at 30°C was only 26 '16, and in P. Jezoensis 
it was. 72 % 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./ezoensis 
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 8, 
Germination record of the seeds of Picea G!elmii and Fieea je:::oC1Zsis. 

Duration of experiment: Nov. 2 I-Dec. 8 .. 1939 . 
• , 

i Per-

I 
centage 

\ 

Number of germinated seed after 

Seed I----._---.--~,---._~_.----,_--._--_,~~---- of 

--:-------,,----:-"'---+-! 1--+:~ \ '---+-~ \ ----+:~ \-------;:8 1_":' 1;----:;:: ,1_ :~ _\:_1~_\:_ J \ ~~~~~ 
Temp. No. 

20°C 

Temp. . No. 

I 

20°C 
2 

3 
Ave. 

I 

3 0°C 
2 

3 
Ave. 

[ 

2 

3 
Ave. 

2 

3 
Ave. 

I 
2 

3 
Ave. 

I 

2 

3 
Ave. 

4 
3 
3 
3 

o 
o 
o 
o 

2 

3 
3 
3, 

o 
o 
o 
o 

4 
S 
S 
7 

o 
o 
o 
o 

IS 
10 
[5 
20 

9 19 
II 20 

19 22 
13 20 

I 

o I 

I 2 

o 3 
o 2 

16 
16 
7 

1 3 

o 
I 

o 
o 

II 

13 
14 
13 

5 

3 

9 
10 

9 
9 

7 
6 
4 
6 

Table ',86 

12 

9 
IS 
12 

3 
~ 

6 
3 

5 
2 

6 
4 

8 
II 

9 
9 

6 
3 
5 
5 

9 
7 
2 

6 

o 
3 
2 

II 
8 
9 
9 

3 
o 
3 
2 

4 
4 
r 
3 

o 
3 
I 
I 

8 
8 
4 
7 

5 76 
4 86 
3 73 
4 79 

8 'I 43 J 
5 4 2

, 
S 37 

7 I 4
1 i 

Germination record of the seeds of Pieea jezoelZsis. 
Duration of experiment: Dec. 6-Dec.' 27. 1939. 

Number of germinated seed after 
I 

7 

I 
8 

I 
9 

\ 

10 II 

I 
12 

\ 

13 

I 
14' 

1

15

-

18

1 days " " " " " " " " Total 

S I 3 I I 0 I I 3 19 
S 2 4 3 5 4 () 0 2 28 

9 7 3 2 I 2 0 0 0 24 
8 3 3 2 2 2 0 0 I 24 

3 I 0 2 0 I 2 0 4 13 
1 1 0 1 1 1 0 I 2 S 
I I I 0 0 0 I I 2 7 
2 I 0 I , 0 1 I I 2 9 

1 

36 
2 5 
18 
26 

66 
73 
77 
72 

43 
42 
36 
41 

Per-
centage 

of 
germi-
nation 

19 
28 

24 
24 

13 
S 
7 
9 
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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 is, the relations 
between the temperature and the germination of Pieea seeds showed exactly 
the same tendency in each case, though the years of gathering differed, 
regardless of the quality' of seed. 

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 Pieea seeds? As factors of such a harmful influence, 
the writer considered the change of the permeability of seed coat and the 
exosmosis of some substances. In order to clarify such a point the following 
experiment was performed. 

Experiment 46 

Two hundred seeds of P. Gle!mii or P. JezoCllsis were put in a glass 
vessel of 50 cc capacity with 20 cc 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 complementary volume. Then the degree of the uncJearness of whitely 
changed solutiol1,s was determined using DUBOSQ'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 may 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. Belt in this case, it is a question whether the greater 
exosmos!s is due to the higher normal permeability of seed coat or to the 
seed itself. In general. many authorsl) have reported that the permeability 
of plant cells to several substances, for example KN0 3 , saccharose or 

I) ECKERSON (1913), STILES and J¢RGENSEN (1915), STILgS (1924), SEN·(1928), MILLER (1931), 

KOSTYTSCHEW (1931). 
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Table 87 

The ratio of clearness to water 

-Temperature Storage No. 

P. Glehnii 
I 

P. jezoensis 

I 2.83 1.98 

Laboratory 2 241 1·95 

3 2.14 1·95 
10DC , 

I 2.60 2.52 
Constantly low 2 2·33 2·33 temperature laboratory 

3 2.10 1·95 

I 4·59 4-10 

Laboratory 2 4.00 4-73 

3 4.00 3.63 
20°C -

I 6.01 8.68 
Constantly low 2 4·II 4-34 temperature raboratory 

3 3.25 3.41 

I 8.22 10.%0 

Laboratory 2 9.18 6·50 

3 8.22 - 8.68 

30°C 

I 6,50 I 7·44 
Constantly low 2 6·79 4·59 temperature laboratory 

3 6,50 4.89 . 
I 8.22 7·44 

Laboratory 2 12.01 7·44 

3 8.22 12.01 

40DC 
-

I 14.85 8.22 
Constantly low 2 II.I5 9-78 temperature laborato~y 

3 7.80 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 ;1vailable 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 ab<;>ve that the non-electrolytes, such as saccharose, 
glycerine, urea and alcohol, have intimat6 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-elect"rolytes on germinati~n of seeds depe~ds 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 WOIZECHOWSK,Y (1903), BROWN'S work (1909) on 
the permeability of th~ seeds of Hordeum vulgare, and PRINGSHElM'S (1930) 
ascertainment of the influence' of saccharose on absorption of water by 
agricultural seeds. 

The writer carried out the following experiments to study 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 Fieea seeds. ,Experiments were carried out as follows; 200 individual 
F. Glehllii seeds were selected,. and placed in glass vessels of 50 cc capacity 
with 'solutions of variou's concentrations; then they were kept in the thermo­
stat of definite degree of tem'perature, the solution filtered using No. 1 

Toyo filt~r 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-

I) Kr.EBS (1887), DE VRIES (1888, 1889), Fn"TING (1917), HOFLER and STIEGT.ER (1921), HOFLER 

and WEBER (1926), BXRLUND (1929), YAMAGUCHI (1930). HijFLER (1932, 1934, 1937), TOI­
VONEN (1934), BOGEN (1937, 1938), RUHLAND, ULLR~CH and ENDO (1938), KREUl: (1914) 
and others. 
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BERTHA:KD,method (KLEIN 1932) I,11odified in some poi.nts was used combined 
with inyersion with an aid of HCr. To the' sugar solution add 4 cc of 
HCI of, 2.5 %,.,?nd heat fOl; exactly five minutes, at 67-70°C. This liquid 
sllould be cooled at once, and after being neutralized with NaOH using 
phenolphthalein as indicator, it was diluted to a definite volume using 
measuring flask. (BALD, 1930). Then, P1Jt 3 cc of inverted sugar solution 
into one of the glass centrifuge tubes and add' 3 cc of copper sulphate 
solution and 3 cc of alkaline tartrate solution., After this mixed solution ,. . .' . 
was stirred sufficiently with glass rod, it was heated in a boiling water 

Fig. 26. 

.._ ..... caoutchouc! tube 
r;::====C=:::::: 

~ to stout conical flask and to vacuum·pump 

- - - - - - - - - -.-,- - -.- glass tube with upward turned end 

.- - - - -- --- -' __ -._ solution 

I 

-----____ . ___ glass centrifuge tube. 

L--------- precipitate 

bath for 6 minutes exactly, then cooled at once with running water. Next, 
the glass centrifug'e tubes are adjusted to equal weight by adding suitable 
quantities of water, then centrifuged at a speed of about 2,500 revolutions 
per minute for 4 minutes. The precipitate should be 'separated from the 
supernant liquid and be sufficiently settle~ to the bottom for an easy de-

. can.tation. The superntant liquid was drawn off using glass tube and 
vacuum-pump without disturb3ng the precipitates (Fig. 26). To the 
precipitation add about 10 cmof heated water and centrifuge again. After 
this process had been performed 2 times, it \VaS dissolved by 3 cc of acid 
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ferric sulphate solution. Then this was titrated in' giask. ·centrifuge . tubes 
directly using caN/6b Kl'4n04 solution (this was prepated so t~at' I cc of 
the s'olution was equivalent to l mg'of copper).' 

This method described above seems to be preferable' for the estimation' 
of saccharose. In the c'ase when the amount 1)f saccharose ~omi~ponds to ' 
o.5.a.o.IOmg of glucose, the writer has ~Iready studied the present ~~t~od 
of the estimation of iiwert sugar comparing with HAGEDORN~ JENSEN'S method, 
micro~BERTRAND nlethod, LEHlI;ANN~MAQUENNE~SCHOORL and BERT~AND'S / 
method and prove its suitableness (not yet published). In the present 
case, however, the amount o£ saccharose in the sol lItion 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 estill)ation 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 0.5'5-17.80 mg were obtained from the Table (KLEIN 1932; p. ;8(6), 
and amount of ~pper less than 0.55 mg is to be seen in Table 8?: which 
was obtained from the writer's results. 

Table 88 

Showing amount of copper precipitated by' 
different amounts of reducing sugars. . 

Glucose in milligram Copper in milligram 

0.001 0.17 

0.003 .0.19 

0.006 0.22 

0.008 0.23 

0.010 '0.24 

0.020 0.30 

0.040 

0.060 0-44 

0.080 

0.100 0·55 
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Estimation of glycetine.-For the estimation of glycerine the bichromate 
method (MEYER 1933') was used. To 20 cc of glycerine solution of dilute 
concentration 25 cc of bichromate solution (74:S64g potassium bichromate 
arid 150 cc of sulphuric acid in 1000 c~ water) and '50 cc of sulphuric acid 
(S. G. 1. 2307) was added and after the mixture was heated on the boiling 
water-bath for 2 ht>urs, it was diluted to 200 cc using measuring flask, and 
titrated with N /100 thiosulphate potassium iodide and starch solution. (I cc 
bichromate=o.OI g glycerine). The results were calculated as shown' in 

Table 89. 

NI'ro I ~.i2S20. 
m ccrn. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Table 89 

Showing amount of glycerine as calculated by different 
amount of sodium thiosulphate. 

0 

I 
1 

I 
2 ~, 

I 
4 

I 
5 

I 
6 

I 
7 

I 
8 ,), 

, 
mg 

0 0.065 0.130 • 0.195 0.260 ()·325 0·390 0·455 0.520 

0.650 0.715 0.780 0.845 0.910 0·975 1.040 p 05 1.170 

1.300 1.365 1·430 1·495 1.560 1.625 1.690 1·755' 1.820 

t·950 2.015 2.080 2.145 . 2.210 2.275 2.340 2.405 2·470 

2.600 2.665 2.730 2·795 2.860 2.925 2.99b 3.055 30 120 

3·250 3.315 3.380 3·4.45 3.5 10 3575 3.640 3.705 3.770 

3·900 3.965 4.030 4·095 4.160 4.225 4.290 4·355 4.420 

4·550 4.61 5 4·680 40745 4.810 4.875 4·940 5.005 5.070 

5.200 5.265 5.330 5·395 5.460 .5.525 5·590 5.655 3.720 

5.850 5.915 5.980 6.045 6.110 6.1'75 6.240 6.305 6.370 

6·500 645 6.630 6.695 6.760 6.825 6.890 6·955 7.020 

I 9 

0.585 

1.235 

1.885 

2·535 

3.185 

3.835 

4.485 

5.135 

5.785 

6·435 

7.p85 

Estimation of urea.-Fot the estimation of urea, the micro-Kjeldahl 
method for ammonia was used, combined with hydrolysis with the aid of 
urease. Fl'ee ammonia which is produced in consequence of decomposition 
of urea by the action of urease was distilled and collected by hydrochloric 
acid (N/loo), the excess of the hydrochloric acid was titrated' with sodium . , 
hydroxide (N/lOO), 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 "vas estimated, w~enever 
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., 4-S cc of urease extract, O.S-LODf 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 ~ction (VAN SLYKE, 1914). After perfect decomposition of urea, 

. this mixed solution was diluted properly and a certain amounJ:' was t~ken 
and distilled uSing the micro-Kjeldahl apparatus. 

• 1 81lccharose 

Experiment 47 

After Pieea seeds were .kept in the saccharose solution of various 
concentra.tions for definite hours in the thermostat of 200 C, absorption of 
saccharose was estimated by analysing the solution by the above described 
method. Results are shown in Table 90. 

Table 90 

Absorption of saccharose by the seeds of Pieea Glehnz"i 

in various concentrations of saccharose: 
Figures in Table are average of 3 series. 

it 
Duration of experiment: Mar. 10-12,1941. Temperature: 20°C. 

, .. . 

Concentration Weight of seed Absorption of saccharose 

of (mg) 

saccharose 
200 seeds I ' 

\' 

(mol) 1 seed 
Per 200 seeds Per 1 seed (grnl) (mg) 

0.6 0.62 3. 1 29·24 0.14 

0·3 0.63 3.1 25.31 0.13 

0.2 0.61 3.0 17·35 0·09 
0.1 d.62 3. 1 13.62 0.07 

0.05 " 0.61 3·1 8·39 0.04 

• 
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The data of Table 90 show that the absorption of saccharose in the 
higher concentration by seeds was superio,r; to that in the lower conce.nt­
ration. That is to say, the higher th~ concentration of sacc11arose, the 
larger the absorption of saccharose was. In the 0.1 mol or 0.05 mol 
saccharose solution, the absorption of saccharose; per seed was n.early 0.04 

or 0.07 mg. This amount is very small to compare with the results shown 
in Table 7 and 8 (Experiment 5). Fro~.this result it may be said that 
the increased weight of seed, which was laid on the filter paper saturated 
with saccharose solution of varrous concentration~, depends utterly on the 
absorption .ofwater, but not of saccharose. 

Experiment 48 

In order to <t5certain the relation bet ween the absorption of saccharose 
by seeds and the temperature and to conside~ the influence of temperature 
upon the absorption or germination of the se~d~ the present experiment 
was carried out. The concentration of saccharose solution was 0.1 mol. 
Results are shown in Table 91. 

Temp. 

100 e 
, 

20ce 

Table 91 

Absorption of saccharose' by the seeds of Picea Glellllii 
at various temperatures. 

Duration of experiment: Jan. I I-Jan. 14. 0941. 

Weight or seed Absorption or saccharose (~g) 

No. , • 
200 seeds I 1 se~d 0- Per 200 seeds I. Per 1 seed Average flll~ 

I 

I 0·595 3.0 3.064 0.015 
2 0.602 3·0 2·797 0.014 

3 0.585 2·9 1.732 0·009 
Ave. 0·594 3·0 2.531 0.013 

1 0·594 3.0 19.647 0.098 

2 Q.629 3·1 19·647 0.098 

3 0.612 3·1 0.08S 17.050 

Ave. 0.612 ! 3·1 18.781 00·94 
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TabJe 91 (Continued) . . 
Weight of seed Absorption of saccharose (mg) 

Temp. No. 

200 seeds I I Seed Per 200 seeds j Per I seed Average (mg) . 
I 0.614 3. 1 16·916 0.085 

~ 

2 -: 0·572 2·9 15.185 0.076 
30°C 

.1 A~e. 
0.568 2.8 15.052 0.075 

0.585 2·9 15·718 0.079 

! 
• 

I 0.618 3.1 12.055 0.060 

I 2 0·594 3.0 12.388 0.062 
40°C 

I 3 6·552 3·0 10.589 0.053 

I Ave. 0·588 3.0 ~ II.677 0.058 

T~e data in Table 91 show that the order of absorption of saccharose 
in relation to temperature was as follows: at 20oe>30ge>40oe>IO°c. 
That is, the absorption of saccharose was largest a.t 200 e and least at woe. 
It is a noticeable fact that the absorption· at 400 e was smaller than that· 
at 30oe. 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 b~ considered 
that the retardation of the germination of Fieea seeds at a higher tempera­
ture is due to the abnormal permeability of the external seed c~at 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 in Table 92 indicate that the absorption of glycerine 

by P. Gleh1tii seeds in the lower conceptration 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 92 

Absorption of glycerine by the seeds of Pieea Gle/znii 

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 
1 seed I (mol) 

I (grrn) (mg) Per 200 seeds Per I seed 

1.0 0.588 0.0029 146. II 0·73 

0·7 0.612 0.0030 69·33 0·34 

0·5 0'.608 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 experiment was 

O. I mol. Results are shown in Table 93.' 

The experimental; results (Table. 93' show that the absorption of 

glycerine .at 20°C was always superior to that at any other temperature, 

and that it was less at looe than at 400C and 30°e. The tendency in 

absorption of glycerine in this experiment resembled that of saccharose at 

various temperatures. In this case, also, the relation between absorption 

of glycerine and temperature may ~uggest a connection of the permeability 

.of glycerine to the seed itself. In other words, the permeability or ab-

'sorption capacity of seed varies with the changing 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 neighbouring 200 e is 

most suitable for the performance of the normal physiological function of 

Pieea seeds. 
. " 

• 
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Table 93 

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

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

113 

I Weight of seed Absorption of glycerine (mg) 

I No. ! 

200 seeds I 1 seed Per 20::> seeds I Per I seed 
I (grnl) Average (mg) 

I 0.6120 0.0030 26 0.13 

2 0.6270 0.0031 38 0.19 

3 0.6310 0.0031 32 0.16 

Aver. 0.6230 0.0031 32 0.16 

I 0.5920 0.0029 38 0.19 

2 0.6120 0.0030 38 0.19 

3 0.6uo 0.0030 34 0.17 

Aver. 0.6050 0.0030 36 0.18 

I , 
I 0·5570 0.0027 60 0·30 

2 0.6020 0.0030 56 0.28 

3 0.5820 0.0029 56 0:28 

Aver. 0.580::> 0.0028 57 0.29 

I 0·5420 0.0027 50 0.25 

2 0.5870 0,0049 52 0.26 

3 0.5700 0.0028 48 0.24 

Aver. 0.5660 0.0::>34 50 0.25 

3 Urea 

As alreacly 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 5 I and 52, were carried out. 
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'The results shown in these tables are the average of triplicate experiments. 

Experiment 51 

Results are shown in Tables 94 and 95. 

Table, 94 

. Absorption of urea by the seeds of p, Glehnii 
in various concentrations of urea. ' 

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

Concentration Weight of seed Absorption of urea 

of urea 
(mol) 

0.01 

0.05 

0.10 

0,30 

- 0.50 

200 seeds 

I 
1 seed Per 200 seeds I, (g) (mg) 

0·582 2·9 0.6 

0·574 2·9 4.0 

0.610 3-0 5.2 

0.602 3.0 16.0 

0·599 3·0 82·5 
.. 

Table 95 

Absorption of urea by the seeds of Picea jezoe1lsis 

in various concentrations of urea. 
Duration of experiment: Jan. 25-29. 1940. 

Per 1 seed 

0,003 

0.020 

0.026 

0·799 

0.413 

Concentration _Weight of seed Absorption of urea 
l 

of urea 

, ~ 

(mol) 200 seeds 

1 

1 seed Per 200 -seeds I Per 1 seed (g) (mg) . 
--~ -~~-------'--.-- ---- . 

0.01 0·590 ~.8 1.9 0.001 

0.05 0·535 2.6 0.8 6.004 

0.10 0.591 2·9 1·3 
I 0.006 

0.30 0.608 3·0 7·7 0.038 .-

0·50 0.588 2·9 9·0 0.045 
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The data (Table 94) show that the a,mount of U1ea cb;;cr(-tion 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. Glehnii and P.. 
jezoe1lsis. The relation between the absorption of ure<l; 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. (YAMAGUCHI. 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 or glycerine or saccharose. The greater absorption 
of urea may be responsible for the smaller percentage of germination of P. 
Glehmi' and P. jezoe1lsis seeds. 

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 96. 

Temp. 

-~-----

IO··C 

20-C 

Table 96 

Absorption of urea by the seed::; of P. Glehllii 

at various temperatures. 
Duration of experiment: Feb. IO-Feb. 14· 1941.-

No. 

Weight of seed . 
200 seeds 

(grm) 
I I seed 
f Aver;lge (mg) 

--- ---_._-_._---" -----

I 0.562 2.8 

2 0·584 2·9 

3 0.618 3.1 

Aver. 0·588 2·9 

1 0·579 2·9 

2 0.609 3.0 

3 0.584 2·9 

Aver. 0·591 2·9 

Absorption of urea (mg) 

I 

Per 200 ·seeds I 
--~-

, 
0.24 

0.30 

048 

0·34 

2.07 

2.07 

2·37 

2.17 

Per 1 seed 

0.001 

0.002 

0.002 

0.002 

0.010 

0.010 

0.012 

0.011 
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Table 96 (Colltimwi) 

Weight of seed Absorption of urea (mg) 

Temp. No. 
200 seeds 

I 
J seed Per 200 seeds I Per 1 seed (grm) Average (mg) 

'I 0.570 2·9 2.52 0.013 

2 0·562 2.8 2·97 0.015 
30T 

2.82 3 0.613 3. 1 0.014 

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 3. 1 1.08 0.005 

Aver. 0.607 3.0 1·°3 0.005 

The order of urea absorption by P. G!ell1zz'i seed was as follows: 
30oC>200C>40°C> IQ°C. This order differs from that of saccharose 
absorption as shown in Table 89. But the absorption of urea or saccharose 
from corresponding solution was the least at lo°C. From the r~sults 
shown in Tables 9 I, 93 and 96 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 fir~t step 
of germination, and then they germinate. In these processes the manner 
of absorption of water by' seed-grain may be accepted to be analogous 
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 \eeds. 

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 c!,!ll wall. 
Cell sap is separated from the surro~nding 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 wallis permeable. As the cell wall pos­
sesses considerable toughness and elasticity, it~ resistance to internal pressure 
becomes greater whe'n it is distended more,' and when the counterbalance 
between them is reached the absorption of water and swelling of the cell 

, . ". ceases. 
When the cell sap imbibes water, "it increases in volume and expands 

the protoplast, which exerts pressure upon the cell wall.' A countel'~pressure 
on the cell content is produced by the cell, owing t"o· its elasticity, acting 
in the direction opposite" to that of the osmotic., pressure. As the cell 
swells by absorbing water, the pressure of the cell wall on t~e cell contents 
increases. 

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

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 distended 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 §ap is gre~ter 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 wiII occur. In such case, denote the water­
absorbing force of the cell by S, then the following equation will be ob­
tained; 

P=T+S or S=P-T. 
The value of S has been called "suction force" (Saugkraft) by URSPRUNG 

and BLUM ([9[6). 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 ST[LES (1924)." 

KOSTYTSCHEW and WENT (193 I) said that the term "suction force" 
(Saugkraft) is Rot clear physically and is not cortect, 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 tnany 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, 
S~HRATZ and others have disagreed in their opinions, while in Japan several 
authors have followed BUClflNGER'S interpretation, in 'spite of its.- being quite 
insufficient to the present author's belief. BUCHINGER (1927) determined 
the suction force of set:;d in accordance with the percentage of germination 
of seed. He regarded the mol concentration of the saccharose solution, 
in· which the percenta~ 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 
for.ce of seed, but SCHRATZ (1932) said that BUCHINGER'S measure is incorrect 
for obtaining the tnie 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 experimental results ill comparison with 
sllctioll force. 

Experiment 53 

The indirect method by plasmolysis. the equilibrium method and' the 
direct weighing method were used for the determination of sllction 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 investigations STILES and 
J¢RGENSEN (1919) employed the weighing method in determining the suction 
force of cut 'blocks of potato tubers. 

In the present experiment the direct weighing method was adopted 
for determining the suction force of the seeds. Th~ 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 

" 



GERMINATION OF YEZO SPRUCE SEED 

number of hours, then the materials were taken out, and washed quickly 
with distilled water using a washing, flask. The t~eated 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 c,oncent· 
ration of the solution, in which no change or t,he least change of weight 
was observed, was regarded as the value corre~ponding to the average 
suction force of the seed grains. 

As experimental materials germinated seeds of P. Gleknii and P.Jezo-; 
e1tsis were used, and the suction force was determined of germinated seeds 
or seedlings at various germinating stages by the above clescribed 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 97-102. 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 arid that of 
slightly germinated seeds 1.30 or I. 15 mol; furthere, that of more germinated 
seeds decreased step by step with the advance of the germination stage 
and finally reached only 1.2 mol. Therefore, it is nee-clful 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 downwa"rd. 
Then aFcording to the writer's observation, the suction force of germinated 
seed of Picea . Glelmii in the above described stage was found to be ].25 
mol of saccharose solution. 

In the experiment, in which the plumula of germinated seetlling was 
used and the results were shown in Table 100, it was fo:md that the turgid 
plumulae softened obviously in saccl1arose solution 'of higher concentration 
than 1. 1 mol, and the softening became more quick and severe in higher 
concentrations. In the solution of lower concentration such softening was 
not. recognized. The softening of tissl)e in the present case may depend 

I 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 saccharose solution at· 20°C. 

Concentration of saccharose (mol) 2.63 
I 2·5 2·4 I 

2.0 

P. Clehnii +0.2 I +0.2 +0·4 I +0.2 
Increased or decreased 

weight of seed.(mg) 
P. jezoensis +0.1 I +0.2 +°·3 I +0·5 

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) 2·5 2·4 I 1·7 

P. C/ehnli 0 +0.2 +0·3 I +0.2 
Increased or decreased 
weight of seed (mg)_ 

I P. jezoensis ° +0.2 +0·3 +0·5 

Table·99 

Change of slightly germinated seed, laid in thermostat of. 

200~ for 6 days supplied with moderate amount of water, 

then kept 5 hours in saccharose solution at 20°C. 

Concentration of saccharose (mol) 

Increased or decreased 
weight of seed (mg) 

P. C/ehnii 

P. jezomsis 

o 

o 

1·3 1.2 1.1 

±O.I ±0.2 

o ±O.I +0.2 

I 
I 
I 

1·7 

+0.6 

+0.6 

1·5 

+0·5 

+0·5 

1.0 

+0.2 

+0.2 
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Table 100 

Change of 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. 
The length of the radicle was about 3 mm. 

1:2 I 

Concentration of saccharose (mol)· 2.0 1.3/ 1.21 1.1 I 1.0 I 0·9 
P. Glehnii 

Increased or decreased 
weight of seed (mg) 

° 1 +0.1 1+0.1 1 +0.2/ +0.2/ +0.2 
P. jtzoensis 

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) 

Increased 
ot 

decreased 
weight of 
seed (mg) 

P. Giehnii /-1.11-0.71-°'3[-0.11-0.11-0.61+0.61+0.61 +0.4[ +0.3/+0.31 +°'51+0.8 

P: jezoensis 1-~·II-0.21 ±01-0.1!-0:;!-0.2j+o'3 +0.1/+0'+°.51+0.21 +0.sl+0.5 

Table 102 

Change of stem in seedling, whichgerminatcd in 
the thermostat of 20°C. then was kept 5 hours 

in saccharo~e solution at 20°C. 
The length of the plumule was about 2.0-2·3 cl1,1. 

Concentration of 
saccharose (0101) 

Increased 
or 

decreased 
weight of 
seed (mg) 

P. Gleh1Zii )_z.8!-z.01-'·0)-I.S!-I·f ±O)+0:3j+0.II+0.z)+0.z)+0.zl+0.3i+o.3 

P. jezomsis 1-1.11-I.z!-,.61- l.zl-·0.81 ±ol+0.s!+0.zl+0.z\+0'31+0.zl+o.zl+O'4 
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Table 103 

Summarized resul~s of Experimen~ 50. 

Suction fo~ce in Mol (cane sugar) 

Germinating ~tage. ,of· seed 

P. Glthnii 
'\ 

P. jezoensl's 

Dormant seed 2·7< 2,7< 

Swelling seed 2·55· 2·50 . 
Cracked se~d 1.80 1.60 

---

Slightly germinated seed 1.30 1.15 

Germinated seed 1.25 1.10 

, 

Radicle of germinated seed 1.05 1.05 

---

Plumule of germinated seed 1.10 1.10 

The phenomenon of water absorption by dormant or g~rminated seeds 
submerged in saccharose solutions of various concen~ations is comparable 
with that of plant cells, because a swelling seed may be regarded as an 
osmometer. SHULL (1916) determined the water retaining capacity of soil 
by using Xantftiu11Z seeds regarding the seed as a living osmometer, be­
cause the seed of Xanthiu11l pe1l1IsylvaniC1t11t possesses a semi-permeable 
coat, swells quickly and becomes isotonic with the surrounding solution . 

Then, it may be said that the determillation of suction force by direct • 

weighing method applied by the writer is reasonable in order to ascertain 
the suction force of dormant or germinated seeds. But, as already men­
tioned, BUCH'n,GER (1927) proposed another method for this purpose. If 
the suction force of the seeds of P. Gle/mii and P jezoC1Zsis 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 P. Gte/mii and P. 
jezoe1lsis were 0.265 mol and 0.175 mol according to BUCHINGER'S system. 
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The suction for<;e of these .Pt,ea seeds obtaiQed'by BUCfIlNGER'S ,system 
was much lower in, comparison with' that of the writer's results determined 
by the direct weighing method as sh~wnin 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 frOIl) 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. BER,KNER and 
SCHUMM (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 o( 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 ternl "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. i}mong 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 made. by some authorsl) from the view point of agricultural science 
using agricultuMI 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 s~gar 
In Picea seeds during their germination process. 

Experiment 54' 

Method of experiment: Re.ducing sugar and total sugar in a definite 

1) CZAPF.K (1920), KOSTYTSCHEW (1926), LEHMANN und AICHELE (1931), MILLER (19,31), and 

MALHOTRA (1933). 

'. 
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number of se,ed 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 anlOunt of red tieing sugar and total sugar 
in 100 grains of germinated seeds. 

Duration of experiment: Jan. 3o-Feb. 3. 1940. 

P. Gl~htlii P. jezocmis 
Day kept in 

germination di~h 

I I Red. sugar Total sugar Red. sugar Total sugar 

4 0.53 mg 4.22 mg 0.47 mg 2.44 mg 

6' 0.60 6.66 0.60 6·57 . 
7 0·73 6.1( 0·93 4.22 

8 0·47 2·45 0.40 2·44 

• 9 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. Glchllii or P. jezoCllsis 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. 
Th!,!n 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 ~ay 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 investigared in the following manner. 
Actiqn of amylase was estimated by the method of BACH and OPARIN 

(I9n) as follows: the seeds were first divided into ~hree groups, namely 
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dorm.ant, swollen and germinated. grOl!ps. One hundreJ grains of each seed 
group were .separatelyground, in porcelain mortars,anti addedwith:.:lO cc 
of water. Thus prepared gruel was left; to' stand ror S minutes, atu:h<then . 
filtered. Filtrate Was 'prepared from :each seed group;,'and:"ir was;'put into' '.' 
an ERLENMEYER'S flask of ca 50 cc capacity with other substances; .' ' 

Extract of sample 5 cc 
Starch (1 %) 10CC 
Phosphate buffer" mixture 10 cc '. 
Thymol 'a smanpi~cd:' \:', " 

The pH-value· of 'this mixed solution. was' 5.6 and remamed unchanged 
during the experiment. After keeping this mixture for 24 hours in the 
thermostat of 40°C, the total reducing sugar with maltose was estimated 

, by the method de_scribed in Chapter VI, and the amylase action was 
expressed by the amol,lnt of reducing sugar. Resu~ts are shown in Table 

105· 

Table lOS 

Amount of reducing sugar with maltose decomposed 
by amylase (mg. ±o.oooS) 

Duration of experiment; Feb.! 2-4. 1940. 

Material P. Gle1mii 100 grains P. jezoemis 100 gra·ins 

Dorrnantseed . o 

Swollen seed 0.008 0.002 

Germinated seed 1.200 0.028 

It will be seen in Table lOS 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 seeds, and the amount of 
amylase in P. Gleimii 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 Picta seeds (Table 104) may depend absolutely upon the action of 
an19'lase. Then it may be considered that the catalytic action of amylase 
causes the decomposition of starch, and in turn, such decomposition of 



.. 
126 SENNOSUKE YAMAGUCHI 

, ) 

starch may result in the decrease of the total dry weight of germinated 
seed accompanied with the consumption of reducing sugar aakJ total sugar. 
Then in order to ascertain the weight change of seed during germination 
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 Pieea see~s were taken according to their 
respective 'sorts. Results are shown in Tables 106 and 107. 

Table 106 

Change in average weight 100 germinating seeds of Pieea Glelmii. 
Duration of experiment: F<;b. 2-12. 1940. 

I Dirference of dry weight. 

Material Raw weight Dry weight . 
(g) Absolute 

\ 
~ 

Dormant seeds 0.4031 0.J609 0 0 

Swollen seeds 0.4510 0.3513 o.oog6 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 Puca jezoensis. 
Duration of experiment: Feb. 2-12. 1940. 

i -
I Difference of dry weight 
! 

Material I Raw weight Dry weight 

I (g) Absolute 
\, % 

-\ 

Dormant seeds 0.2185 0.2071 0 0 

Swollen seeds 0.2306 0.2060 0.0071 3·44 

Cracked seeds 0.3125 0.1895 0.0176 8.54 

Germinated seeds 0'3265 0.1866 0.0205 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 seeps. The marked decrease 
of dry weight and increase of raw weight in the germinated seeds were 
clearly recognized. The former illay 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 _ weight of them by germination. - \. . 

IX The germination capacity of seed ,and factors 
relating~ to the preservation of germination power 

Genninationpowet 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 germinatjon 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, . 
temperature, 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 jezol?1lsis seeds only, was used, which are collected in the Te­
shio Exp~rimental Forest of Hokkaido Imperia] Univers-ity. In 1939 and 
1940 the yield of seeds of P. Glclm£i was extremely poor owing possibly 
to unfavourable climatic conditions of these years, and the seeds were not 
available. The germination'test WaS ~ade by the method described under 
Experiment 2 I. Results are shown in Table 108. 

The percentage of germination. shown in Table 108 was. very_sqtall in 
comparison with that shown in Table -40, beca'lise t'he 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. j'ezol?1Zsis seeds gathered on Sept. 5 was equal to that of the seeds 
gathered on Oct. 5 or Oct. 15, and that some seeds g~thered on Aug. 5, 
were very poor and slow in germination. Considering the percentage of 
germination of the seeds in the present experiment it may be said that, 
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Table 108 

Germination record of the seeds pf Picea jezoensis 
dried at 20°C for varioua te~nes. 

Duration of experiment: Mar. s-l\1ar. 22. 1940. 

Day gathered 

July 25, 1939 

Aug. 5, 1939 

Aug. 15, 1939 

Aug. 25, 1939 

Sep. 5, 1939 

Sep. IS, 1939 

Sep. 25, 1939 

Oct. 5, 1939 

Oct. 15, 1939 

Number of germinated seed after 

° 0 O· 0 ° .0'. 0·· 0 0'. 0 .0 

000 0 000 0 0 

o 0 0 0 4 4 5 4 

o 000 o J 3 3 

o 0 000 4 10 J2 

5 

5 

6 6 

8 26 

9 21 

9 40 

o 1 4 II II 8 4 4 1· 2 46 

o 1 8 II 12 Jl J 0 ° J 45 

:2 6. 9 9 .1.2 1 .1. t 41. 

o 0 5 9 'l 6 34:2 5 42 

Percentage 
of 

germi. 
nation 

o 

6 

26 

21 . 

43 

45 

42 

the m'aturity ofPicca seed wasC'ompl~ed 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 90. days after 
fertilization. or pollination, and furthermore, some seeds acquired germination 
power, though it was incomplete, as t;arly as· about 70 days after polIination. 
Therefore the P. jezoensis seecJs should be gathered on Sept. 5 or after­
wards from this time 011-, and then the germination power wiU be preserved 
for a long time if the treatment of seed, such as drying .and temperature, 
were carefully taken into consideration.. To study . the relations between 
the drying temperature and germination capacity the following experiment 
was carried out. 

Experiment 57 

The seeds of P.Giehll# and P.jezoe11sz"s were dried in drying thermostat 
of definite' temperature for certain hours, and the water 'content of seed 
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and germination power were examined. Results are shown in' Tables I~ 
and 110. 

Table 105) 

Germination record of the seeds of Pieca Glc/mil. 
Duration of experiment: Oct. I 5-Nov. 4. 1938. Temp. at 20°C . 

• 
T ·'T· 

I Water 'Number of germinated seed after Per-
emp. Ime lost' cen~age 

raw of 
C (hours) Weight d~ys I 6 

I 
7 

1 

8 

1 

9 I 10 I II I 12 I 13;;221 Total 
germi-

(%) " " " ,~ " " " nation . . 
5 4.8 4 18 19 13 II 13 6 5 3 92 9Z 

. , 10 5·3 2 6 II 19 29 6 ,14 2' 8 91 91 
400 

20 6.1 o· 6 13 12 7 20 9 10 13 90 90 

30 s.s 0 4 6 7 4 8 18 6 36 89 89 

5 5·9 I 13 9 

H 
10 17 5 II 13 I 86 86 

500 10 5·8 4 10 17 12 8 7 5 8 92 92 

20 6.0 I I 3 4 14 II 7 42 85 85 

Table 110 

Germination record of the seeds' of Pieca jezoensis. 
Duration of experiment: Oct .. 15-Nov. 4. 1938. 

Water Number of germinated seed after Per-
Temp. Time lost centage 

raw of 
C (hours) weight d~ys 1 

6 

I 
7 

I 
8 I. ? I 

10 

1 
~,I I ~ ~~ I ,13;;22 I Total 

germi. 
C%) " " " " nation 

5 4·2 7 II 18 13 12 7 I : I 2 4 78 78 

6.2 8 6 
, 

10 7 0 31 2 1 1 59 59 
400 

20 6.6 0 22 22 14 5 6 2 2 I 74 74 

30 5.6 . 0 16 28' 10 6 3 3 0 4 70 70 
, 

I 5 
I 

5·9 

I 
IS 78 78 

I 4 32 9 4 3 2 2 7 

500 10 6.2 13 14 18 II 6 4 3 'I 3 73 73 

20 I 6·7. I 6 17 16 6 6 7 3 3 6 70. 70 f 
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.The data shown in Tables log 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 {or.,fower hours. It maybe said that the drying of the 

. seeds at 40°C or 50°C for 2-5 hours is adequate for drying 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.writ.er (1940) have proved that the germination 
power of Populus Sieboldii could be preserved for a long time by drying 
arid 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 ?f P. Gle/mii and Po jezoensis were stored in paper 
sack at ordinary room temperature (approximately -15°C+25C) and in 
the constantly low temperature chamber (~pproximately . - 15°C) for 2-3 
years. and then germination tests were periOrmed. Results are shown in 
Tables I I I and I 12. 

Table I I I 

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

-
I Number of germinated seed after Per-

Datum of centage 
Storage . of 

'. germi. test 

~ 1= I~I~ I~I~I~ I~ I~I~I o ~ I germi-"':.. 

'" 
*,.g Total nation 

U') <l:> 
~.-- -

13. 10 Lab 4 18 18 13 II 13 6 5 I I I 91 91 

14· 5 Low 0 5 6 8 9 14 13 12 7 7 4 85 85 

14. 10 Low ° 3 6 7 8 13 14 12 7 6 5 81 81 

I? 5 Low 0 0 4 6 II 15 12 8 5 4 0 65 65 

15· 10 Low 0 2 3 6 10 13 II 8 5 2 0 60 60 

16. 4· 24 Lab 10 0 I 5 5 7 10 5 5 3 9 50 50 
, ' . . 16. 4. 24 Low 0 0 2 17 8 '6 9 4 4 0 4 54 S4 . 
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Table 112 

Germination record of the seeds of Picea jezoCllsis at 20°C. 

Number of germinated seed after Per-

Datum of centage 
Storage of 

germL test '" I: II~I~ I:~ 1 ~ I; I~ I ~~ I ~'I ° '" I Total 
,germi-~ N~ '" 'nation "0 J.,"O 

"" ~ 

13. 10 Lab 7 II 18 13 II 7 2 I I I 2 74 74 

14· 5 Low. 0 I 4 9 16 14 14 5 4 3 2 72 72 

14. 10 Low 0, I 3 8 16 15 13 5 4 2 0 70 70 

15· 5 Low 0 0, 2 5 19 13 14 4' 4 2 o • 63 63 

15. 10 Low 0 0 I 6 17 1~ ., 12 6 4 0 0 59 59 

16. 4· 24 Lab 

:/ 
0 0 I 6 2 II 4 2 3 4 33 33 

16. 4. 2 4 Low 0 3 9 17 II 2 5 7 2 3 59 59 

Tables I I I and 112 show that the germination power of P. Glefinii 

and P. jezoe1Zsis 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. Gle/mii stored in 
an ordinary room or in constantly low temperature chamber for three 
years, still showed about 50 percent germination, But the degree of 
decrease in germination power in P. Gle/mii seeds was not the same as in 
those of P. jczoelZsis, and the influence of the storage temperature on the 
germination of the seeds of P. jezoe1Zsis was greater than that 9n P. Gle/mii 
seeds. That is to say, the percentage of germination of P. j;zoensis seeds 
stored in an ordinary room was 33 %, those of stored in a constantly low 
temperature chamber was 59 %, while germination of P. Gle/mii was about 

, 50 % in both cases r.espectively, -What is the cause of such a difference 
in the drop of germination power between P. Gle/mii and P. jezoe1Zsis? 

As one of the cause of this difference in the drop of germination power 
the size of seed may be taken into c~~sideration. This idea seems to be 
not so unreasonable, because, according to SATO and the writer's experiment 
(1940) seeds with Populus Sieboldti' l

) stored in a constantly low temperature 

I) The size of 'PopttltlS Siebold;i seed is very small, and the average number of seed grains was 

about 4 million, per I litre. 
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chamber continued their germination power for 300 days and the percentage 
.of g~rmination 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 ~ccur very easily, and in turn 
it may result in the decrease of germination power. As another cause, 
th~ 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 in(1uences or to injurious substances which may be formed in the 
course of germination by decomposition of stored substances in the seed. 
For example, it ~as observed by the writer that under the same conditions 
the P. Gle!mii seeds could germinate, while the P. jezoe1lsis 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 germi,nation power. , Pieta seeds which had 
beed stored for 3 years in a constantly low temperature chamber did not 
germinate in LiCI 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 germinated in the same solutions. 

It was proved that catalase is contained widely in seeds and some 
intinlate 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 consid«r that some relations may exist 
between the germination power of Picea seeds and catalase action in them. 
Therefore, catalase activity in seed was determined in order to study the 
relations 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, anq the 
filtrate was diluted to 100 cc with water using measuring flask. This 
filtrate was put in ERLENMYER'S flask of ca 50 cc capacity with other 
substances: 

Extract of sample 10 cc 
Hydrogen peroxyde (I % ) 5 
H 2 S04 (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 KMn04 (N/IO). As control, the mixed solution was boiled 
immediately after being prepared. Obtained results are shown in Table 113 . . 
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Table 11.3 

Amount of KMn04, (N/w, cc) ·used for titration "of H Z0 2 • 

.. Date of explnimenhApr. 23. 1941. 

Material I Stored in Stored in low I, Difference 
laboratory temperature chamber 

P. Glelmii ' 

I 
"310 310 0 

1'. jtzoensisi 211 310 99 

.133 

From this table it may be seen that the catalase action in P. Gleknii 
seeds stored in different ways did riot show any difference,. but in P. jezoe1tst"s 
seeds it was different. That is to say the catalase aGtivity in P. jezoensis 
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 germi119tion ~apacity 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 if} 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 ~nd 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 
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to the present cases have been reported by Loo (1931) on the aJ;>sorption 
of ammonia and, nitrate by the root system of higher plants in relation to 
the effect of other salts, by PIRSCHLE and MEGDEHL (1931) on absorption 
of salts by plants. by LutmEGARDH (1932) on the relation between the 
action or resorption of ions and plant growth, by BAPTISTE (1935) on ~he 
effect of some cations on the permeability of cells to water, and also by 
KkEUT , ( 1941 ) on the influ~nce 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 MgCI 2 • CaCI~ 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), KAHHO (1924), SCARTH (1925), 
HANSTEEN-CRANNER (1919) , YAMAGUCHI (1929), Loo (193 I), PIRSCULE 
(1232), BURSTROEM (1934) and HOFLER (1940). 

The influence of saccharose, glycerine, and urea on the seed-germination 
and the absorption of water differs jn 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 aption; fourthly, physiological action. In the lower concentra-
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tion, the influence of an electrolyte on the seed germ,ination and absorption 
of water is attributable to its ionic action and permeability, but that of a 
non-clectrolyte may be attributable to the permeability and physiological 
action. The actions of several kinds of non-electr.oJytes differ· each other 
according· to t~e kind and also to the concentration within the same 
compound. • 

In sacc~arose solution which does not enter easily into plant cell,' 
plant tissue or seed grain, th~ 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 value of 
surrounding saccharose solution have much, significance in the gerfiJillati~n 
or absorption of water. The maximum concentrations of saccharose 
solution for germination of the seeds of P. Glehnii andP. jezomsis were 
0.42 mol and 0.38 mol respectively. On the other hand, the suction force 
of slightly germinated P. Gte/tnti seeds was 1.30 mol and that of P.jezoeJl~is 
was I. I 5 mol, and then the suction force of seedling became smaller 1n 
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/mti .and P. 
jezoens£s 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. Glelmti seed was about I. I mol. because judging from the 
suction force of the germinated seeds of P. Gle/mti 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. Glelmii and P. jezomszs 
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, ,vhile they both germi­
nated much more easily in glycerine solution of higher concentration than 
in the case of saccharose. Then tl,le osmotic explanation can no more 
be applicable to the cases of. urea and glycerine as it was in the case of 
sacc~arose. As the cause of the difference of influence an10l1g urea, 
glycerine and saccharose 011 the germination of the seeds of P. Gleltnit' 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~ioncQncentration and an accumula.tion of 
ammonia in the seed or so-called amrnonia-poisoning. Owing to .these 
three causes urea is very injurious to the germination €If both Picea seeds. 
even when ,the concentration of urea was lower than that of sacchq,roSc 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 higJ1er than the case of~lrea. 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 WILISTATTER and WALDSCHMIDT­
LEITZ (1932) used glycerine as a substitute solvent for water in enzyme 
studies and got good results. 

From the results obtained in the expel:iments of germination and of 
suction force of the seeds of P. Gle/mii and P.j'ezoenst's in glycerine solution 
of various concentrations it was concluded that the failure in the germination 
of seeds of P. Glehnii and P. j'ez(Je?tsis in glycerine solution of concentra­
tions higher than 1.05 mol for the former species and 0.90 mol 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 Piceasecds" were .. about equal to the vaI~le 
of suction iorce 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 
th~ relationships between germination and temperature may be attributable 
to the complicated relationship among the germination, temperature, exos­
mosis and permeability of the seed grains. i 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. TOL¥AN and STOUT (19AO) 
rep'orted 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 Picea 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 capacity of the seeds was approximately 
inversely proportional to the amount of the loss. 

According to the writers's experiment the suction force of Picea seeds 
was extremely great and its value de.creased 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 als9 are inlpottant. 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 enzy~ and chartge 
in reserved substances, In conclusion it maybe 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 ph)-:siology, such as permeability, absorption and exosmosis, 
enzymic ac:tion and change of reserved substances together with the other 
physiological problems of seed such as vernalization and alternativ~ tem­
perature for the germination of seed. 

XI Summary 

_ 1. Physiological studies on the germination of seeds of Picta Glchnii 
and Picea jezocnsis 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. AbsOIption 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. Glelmii and Picea jezomsis 
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 Picta seeds, and 
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also thegerillination of these seeds is influenced by the concentration and 
kind of non-electrolytes. 

S. 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 th.~eoil the germination of seeds. The antagonistic action 
of salts on the seed germination and. absorption . of water by seed was 
recognized. but it was not clear on the swelling of seeds. 

6. The concentration of ~on-electrolytes, in other word, lhe osmotic 
pressure of a solution has a great effect on the seed germination. The 
critical concentration of sae<;harose for germination of the seeds of P. Gleltnii 
is 0.42 mol and for that of P. jezoensis 0.38 mol. But, the critical concent­
rations of urea or glycerine soll!tion 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 whiah 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 permeability, and a substitution of. glycerine for water 
occurs to some extent in seeds during the process of their germination. 

S. The action of electrolytes. up,on seed germination depends upon 
the ,ionic action of cations or anions and niolecules of salts so far as the 
concentration of electrolytes is dilute, while in the case of the .110n­

. 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 
mixture solution was higher than 0.1 mol,· while in dilute concentrations such 
effcct was not seen. \ 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. Gle!mii. seed possesses higher resist~nce to the un­

favourable effects of the high concentration of germinatin~ media containing 
various salts, glycerine, ureaor saccharose in soluti<>n than the P.jcsoensis 

. seed. That is to say, the P. (lleltn# seed could gernlinate under more 
unfavourable conditions than the P. jezoensis· seeds. 

. 1 V Temperature plays an important role in the. germination of both 
Picca seeds in close connection with the amount of water. A temperature. 
higher than 2SoC is not favourable for the germination ofthe~edspo.ssibly 
due to the acceleration of exosf!1osis 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 ~ffect 
upon the gerrllinatiollcapacity of the seeds which were submerged under 
such cold water for a long period. These fActs suggest tJtat the climatic 
conditions in Hokkaido are suitable (or the development of the Picca forest. 
It is rather a common even that the Puca 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 !saccharose, glycerine and urea by the seed 
grains is influenced by temperature and concentration. The most con­
spicuous . absorption of these three kinds of non-e1e.ctrolytes 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 the nutritional po;~t of view urease is 
indispensable in utilizing ureq 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 bf 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 arid total dry weight take 

place concomitant with the processes' of germination, and it was proved 
that the action of amyl~se plainly increases in the germinated seeds. 

16. In P. jezoensis seeds the germination power commences at 70. 
days after fertilization, and it reaches maturity by 90' days. 

17. Storing the P. jezoensis seeds at low temperature was prayed 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. Glelmii 
seed!'1. 

18. The influence 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 preservatiol) 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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