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The effect of various pretreatments on
the germination of Pinus Thunbergii
seeds. Circles and dots show the germi-
nation percents in one week and in two
weeks, respectively, which is common to
Figures 1, 2, 3, 4, 5, 6, 7 and 8. Ordinate
shows a germination percent, which is
common to all other figures. Conditions :
seed bed (CD); room temperature (27~
33°0).
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The effect of various pretreatments on
the germination of P. Thunbergii seeds.
Conditions : seed bed (FP); room tem-
perature (27~33 C).
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The effect of various pretreatments on

the germination of P. densiflora seeds.

Conditions are common to those in Fig. 1.
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The effect of various pretreatments on the germination
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The effect of various pretreatments on the germination
of P. densiflora seeds. Conditions are common to those
in Fig. 4.

R AR, AR
L 7ol f5H 15~28
C oiRER{ndH D T
ANTIEFERBRITIE 50 fiA 4

HLED ZhbDEHfE S &
Wtz ZOHERITG BT
WL Y F7 i oED LS

Ths

0—50, 0—40, 0—21,
2—48, 2—38, 2—19,
4—486, 4—36, 4—17,
0—17,

0—14, 0—7,

2—12, 2—5,

4—10, 4—3,
0—3, D2 (50)
0—2, DRT _
D2 (33)

hb 21 KOFESRE Y
Fig. 4, Fig. 5, Fig. 6 &
Lot Fig. 7 Lo,

MARZIHLNBD &

TR D AR B
&5 2 O[T 7o BT
LTI N ¥ R OFY:
& KGR D BIRIC DT,

FFER TR DB D
oz HiE A 2 bR
L Pe=YThT
b, AxfRe U CIEHUR
FEFERDIZ 5 2D L,
e I TV RN S
JoKICEDED ZREdbh
fo. b DEBAFELIL X R
IO TUXTERR D (1 5 25 &

Wi B SH e T Do L
LFPHEIL 7o D R AR O

v
L%

NEp)

i f-dic, A¥FMicL?
BRI IR O BE A D

BTGB LI 0



FH=Y e VDX FROFEHLEE GR)ID — 5 —

<, Cofird SRl 10 P densiflora (CD)
2B s XL 7 3 m
NSTYIA N & o
7 v RO ERAARIC > A
LT, e Yo X R AN AN ~——.
1 Lo N Y
4 BRI LA, 7
h= VO X RCLE2 HEO .
? -0
K LT
E 5L L. S \ TN
THRYDRERNBIw=Y oy (S
TRETTVS TRTINTST BES
LEEFRRN e PR Sas28Y ERsNoes oY

WOITCDTHD 9 o . it .
’ 2 Fig. 7 7#= YO X2 OFFIC I XSO
(2 ¥ FM)

£ & | The effect of various pretreatments on the germination
of P. densiflora seeds. Conditions are common to those
E T OFEFI DT in Fig. 5.

AIMRTEED, Th=Y - 2u< YO X xOFFREA LD L5 IR Hic X BhvE LB ILHENS
i, COREYHEHIICT HHOEREYFHETHI20VT, ok 2, 3 DErOfEL RS X
BACLE D EhAN 2, Ty, IREFTOERTIIERAE o4 CEECW- R D7edd, T
B EDCTT h=Y « 79=<YD X cDIEF LKL DWENRDHZ Z ENFEEINTHD"h b, Jox
bt 2 oA TEE— R NEI O EN E D X 51 Bl b dh & bAC Lic il big &)
ADztee I, & LAROFEND D L THUE, Zhp R R LTI b A I
5 [, Flo DA TEHHERET &0 X 5 R AR 1 £ B 725 5 e ) D BRI W,
#® 2

WM 1956 461 A 23 HA 52 A 22 RepdTis ooy, 28 22 B LR 3 MiT—ER
it 2 Wi e o TR B 2o, KRR A v F L E SRR ©, Tt 25°C ¢, &
13 25°C & 25°C ( 8IHi)~15"C (16 HfiD— —Zhhh 25~15°C LAMKT D - —D 2 SD&MA-TH
oot o BEREKIE 0—30 [X, 0—18 X, ¥ Xt D15 (30) [Xik 25°C & 25—15°C ©, #Digh DK

11 25°C 1Tk Dot . HEOEE O 5 o> 0—30 X, 0—18 [XiIs X D15(30) iz bic 15°C &
8°C Thk ZleDfc, LWITFNDEHAFICLHXIC 50 frx 4lle 0, FROOFHEE L Lof. RERKD
B —EY Y s %5105 LRERYNLENEDT, FEEEMACI 2L Thb 2 MHHCY Y s&dh
PR L b, COFERICL bWRHE O Y 77 r 0¥ D LS THD
0—30, 0—18, 08, 0—4, D2 (30)
4—26, 4—14, 4—4, D15 (30)
b 9 XoFsla Fig. 8, Fig. 9, Fig. 10 ks Xt Fig. 12 ic Lo,
XHICOFIDORLERN LYITFLT, ZOERO—HTHs D2 (120) K& D15 (120) KOIEYR
Bk, TEHCRZ oh\ 25°C Tl I 7D T OFRIEE Fig. 112 L.
hAMRZ BB E
kR ofsg: (Fig. 8) i@ k2T, TMigEsk - £ 1 OfEEL T Lhrv bR, Lad 2 ORBROFE
i, FXO2MDERL VEFOLIEOE) LE—EOHAEZLDLTW5, ZOMIDWTIEHETH



RS Je

,

©
0 SChohLhoLHo OO
ShzrsLiET
SO RN A ga
=

100

(FP)2s-1s

50

i

Fig. 8

re=y (I, I, M), 7A=Y (IV, V, VI) © Z xOFEHCE X IET i oe
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The effect of temperature on the germination of pretreated seeds of P. T hunbergii.
An exponent shows the temperature used in germination test, which is common to
Figures 10, 14 and 15. Seed bed: FP.
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and 1 (DRT), respectively. Temperature for
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Germination of the Seeds of Pinus densiflora and P. Thunbergii

with Special Reference to Temperature.

Sumihiko ASAKAWA

(Résumé)

There have already been many reports in which the germination of Pinus densiflora
and P. Thunbergii seeds was discussed. So this study was designed to make research
within narrow limits at the start. The primary ohject was to ascertain whether the better
germination of these seeds could be brought about by compound stratification, which showed
a marked effect on hastening the germination of P. koraiensis seeds'. In the course of

the study, however, some new questions were raised in turn.

Materials
P. densiflora seeds P. Thunbergii seeds
Preliminary experiment Kasama Nat. For. (1953) in Mito Nat. For. (1953) in Ibaragi
Ibaragi Pref. Pref.
Experiment I Koéhu Nat. For. (1953) in Yokohama Nat. For. (1953) in
Yamanasi Pref. Aomori Pref.
Experiment II Numakunai Nat. For. (1955)  Sendai Nat. For. (1955) in
in Iwate Pref. Miyagi Pref.
Experiment 1T - Tomioka Nat. For. (1955) Mito Nat. For. (1955) in Ibara-
in Hukusima Pref. gi Pref.

All seeds were kept in envelopes made of brown paper at room temperature till they

were used for each experiment. Parenthesized numbers show a crop year.

Methods

Pretreatment: Most of the seeds were treated under moist condition in 9 cm. petri
dishes at a given temperature with soaking for the first 24 hours. The incubators of 25°C.
(2541°C.) and 2°C. (2+1°C.) were used for treating. During treating at 25°C. the seeds
were washed by tap water every 24 hours in order to keep them from getting moldy. The
seeds treated in such a manner were transferred to a seed bed at the end of pretreatment.
On the other hand, the seeds were pretreated on their seed bed in the experiments under
dark condition. Temperature coundition for each pretreatment is expressed by the sign
“n—m"’, where ‘“‘n’’ stands for the time in days at 25°C. and ‘‘m’’ for that at 2°C. The
sign “D” of DRT, D2(x), and D15(y) indicates that the seeds were kept dry till germina-
tion test. RT stands for keeping at room temperature, and 2 of D2 and 15 of D15 stand
for keeping at 2°C. and 15°C., respectively. In the latter case, parénthesized numbers, X
and y, show the time in days at each temperature.

Seed bed: (i) Porous clay dish (CD). Two of the porous clay dishes (ca. 20 cmx 24 cn)
are kept in a zinc vessel with tap water. 500 seeds were usually sown on each clay dish.

(ii) Filter paper (FP). Filter paper, No. 2 of Tdy6 Filter Paper Co., is spread over
slide glasses in a 10.5cm petri dish, where its edges are soaked in tap water. 100 seeds

were usually sown in each petri dish.
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(iii) Agar (A). 0.5% agar solution, made from agar powder, is poured into a 7.5 cm
petri dish. After setting, 50 seeds are sown in each petri dish. In the case of the dark
lot, a petri dish is covered doubly with thick blak paper just after sowing.

Germination: The incubators at 25°C. (254+1°C.), 15°C. (15£1°C.), and 8°C. (8+
1°C.) were used in this study. Petri dishes under alternating temperatures were transferred
from oune incubator to the other at 9.00 a. m. and 5.00 p.m., so the temperature of each
incubator was forced to have a variance caused by such a transfer, though passing, besides

a variance due to its regulator.

Results

Preliminary experiment: Fig. 1~Fig. 3.
Experiment 1 : Fig. 4~Fig. 7.
Experiment 1T : Fig. 8~Fig. 12.
Experiment Ti: Fig. 13~Fig. 16.

Discussion

There have been numerous papers on the effect of the simple low-temperature treatment
on seed germination. Though it is reported that such a treatment also has a hastening
effect on the seeds showing a markedly delayed germination®’, it seems that its effect is
inferior to that of the compound stratification as revealed in the writer’s work" with Pinus
koraiensis seeds. From this work it is suggested that the processes occurring at low-
temperature are favorably affected by the high-temperature prior to it. In applying this
compound stratification for P. densiflora and P. T hunbergii seeds, a question arose as to
how to modify the period at high temperature. The chemical changes occurring in seeds
after bedding have been studied with P. Thunbergii® *’'*’. These results have shown that
the qualitative changes were going on after four days though the quantitative ones did not
yet appear. The period at high temperature was determined on the basis of this information
and water absorption curve® 7.

The effect of pretreatments on germination proved to vary with seed beds, of which a
porous clay dish seems to supply a small quantity of water, and on the other hand the bed
of filter paper seems to supply a large quantity. In the former the germination of the
seeds of both species was hastened by pretreatments, and especially the compound treatment
showed the superior effect as compared with the simple one in the case of P. Thunbergii
seeds. On the other hand, the germination was unfavorably affected by the pretreatments
in the latter. As water supply in the nursery is rather akin to that in the former bed, the
following methods of pretreatment may be recommended in nursery practice: the simple
low-temperature pretreatment of 7 to 10 days for P. densiflora seeds, and the compound
pretreatment of 4 days at 25°C. followed by 4 to 6 days at 2°C. for P. Thunbergii seeds.

It is said that since the minimum temperature required for germination is lowered as
after-ripening proceeds, germination will occur at the temperature of stratification when its
period becomes too long'’. Then the writer sought to ascertain whether the lengthened
period of pretreatment will lower the minimum temperature for the germination of these
seeds. Figures 9 and 10 show that no marked difference is found within the adopted

length of treatment period.
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The optimal temperature for the germination of P. densiflora seeds seems to be rather
lower than that of P. T hunbergii seeds (Figures 9, 10, & 16).

II and V in Fig. 8 and Fig. 11 show that the germination of both seeds, especially
those of P. densiflora, are affected by the temperature during dry storage when the period
for storage is prolonged. In this experiment moisture was not controlled, so it is open to
question whether the result in Fig. 11 was brought about only by the effect of temperature.
But these seeds had best be kept at low temperature with regard to Goo’s guess® that it
may be necessary for P. densiflora seeds to experience low temperature in order to reach
better germination.

HAsrgAWA and FURUKAWA'Y have reported the possible relationship between the effects
of low temperature treatment and light with P. Thunbergii and P. densiflora seeds. The
results shown in Figures 12 and 13 suggest that the effect of alternating temperatures
seems to be related with these effects. The writer has already reported the possible
thermoperiodic responses in the germination of Fraxinus mandshurica var. japonica seeds®.
It is recognized from Figures 14 and 15 that these seeds may also behave thermoperiodically,
though less characteristic, in relation to germination. Such a behavior is more remarkable
in P. densiflora seeds than in P. Thunrbergii ones. In the former this thermoperiodic
response seems to be substituted for the effect of low-temperature pretreatment, whereas in
the latter the response seems to be strengthened by it. These facts suggest the possible
relation between the mechanism requiring the special temperature condition for germination

and the processes affected by low-temperature pretreatment.
Summary

(1) The germination of Pinus densiflora and P. Thunbergii seeds is affected by
compound temperature pretreatment—warm by cold stratification. Under less water supply
the germination energy of P. Thunbergii seeds is raised, whereas under greater water
supply the germination of thesz seeds, especially those of P. deusiflora, is badly affected
bv such a pretreatment. Treating methods in practice will be recommended from these
results.

(2) Pretreated seeds germinate more quickly and better in a lower temperature than
non-treated seeds.

(3) These seeds seem to be affected by storage temperature even under dry condition
during prolonged period. It is desirable that the seeds should be kept at a low temperature
if possible.

(4) The seeds of P. densiflora seem to germinate at a lower temperature than those
of P. Thunbergii.

(5) These seeds, especially those of P. densiflora, germinate better at 25°C. (8 hrs.)
~15°C. (16 hrs.) than at 25°C., which suggests that these seeds are temperature-sensitive.

(6) As described above, the germination of these seeds is affected by alternating
temperatures besides light and low-temperature pretreatment, the effects of which have
been already reported. Such a temperature-sensitivity in germination is more remarkable
in the seeds of P. densiflora, where this response to alternating temperatures seems to be
substituted, at least partially, for the leading effect of low-temperature pretreatment to
light-sensitivity.



