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EFFECTS Of FAST NEUTRONS UPON FOREST TREE SEEDS 11.
RELATIONS BETWEEN THE INTESNITIES OF IRRADIATIONS
AND THE GERMINATIONS OF SEEDS, THE GROWTH
OF SEEDLINGS OF PINUS DENSIFLORA

Keiji Saté and Yoshio Nishina

A pumber of experiments with neutron rays have been carried out on
both animals and plants and certain bioiogica] effects have already been report-
ed, But the efféct of neutron rays on the forest tree seeds has not so far
béen analysed in detail. We ourselves have observed in the cases of some
" forest plantspecies, Cryplomeria japonica, Larix Kaempfen‘, Chamaecyparis
obtusa, Pinus densiflora, Pinus Thunbergii, Cinnamomum Camphora, Acacia
decurrens, Gleditsia japonics, Rhus succedania and Rhus wernicifiua that
the neutron irradiations produce abnormalities not only in germination rates,
growth of seedlings but also in external morphological features ( Nishina
and Satd 1943), But in the first paper of this series a preliminary description
has been given. In the present paper the detailed results of the repeated
investigations made on the relations between the doses of irradiations and the.
germinations of seeds, the 'growth of seedlings of Pinus’ densiﬁora will be
described. The work has been carried out in 1943,

Haterialg gnd methods

‘Be+D radiations produced by bombarding a berllium target with 2.8-3 MeV.
deutrons from the cyclotron installed in the Institute of Physical and Chemical
Research, were irradiated upon the three sets of the seed; viz,, the dry seeds, the
soaked seeds which have been immersed in tap water for 1day and the soaked
ones for 3 days. The seeds were placed in a wooden box which was inserted
in the irradiation chamber of the cyclotron mentioned above, and were ex-
posed for 5,10, 15,30, 60, and 120 min. to neutron rraiys respectively, The seeds
were also classified into three groups, weak (A ), medium (B), and strong
(C) treatment, according to their distance from the target, namely 10, 7
and 3 cm. respectively. The intensity of the neuntron rays was estimated by
reference to the radioactivity induced in'a thin sheet of red phosphorus placed
in front of the samples and was expressed in an arbitrery anits (cf. Nishina,
Sinoto and Sato 1940 a, b; Nakaidumi; Kogure and Migrati 1941; Nishina and
‘Satd 1943).

After being irradiated by Deutron rays, 200 grains were taken from each
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of these treated seeds and were sown in =oil in pots next morning, May 22,
1943, But in the case of dry seeds, the treated samples of each classes were
divided into two parts equally 100, the one part was placed in Petri dishes,
and the other was sown i pots as usual manner June 12, 1943, For control,
non-irradiated seeds of equal pumber were used,

Experimental results

Days required fo start germination, germinative energy ( percentage germi-
nation in 7 days followed the start of germination ), and percentage germination
in 60 days were compared with each other between the plots, the data of which
were summarized in Table 1. '

Table 1, Comparison by Germination of Seeds among the Doges of . Irradiztions.

Days required to start Garminative Percanmge germinaton
germination energy* % in 60 days %"
Dose of —Soake

. ed " Boaked _ Soaked

Dry seeds seeds am}.- Dry seeds SB::;JT_ Dryseeda g”‘::;,?.

i mersed in i m n mer n

irradiation sown.in water for gown 1n water for sowa in water for

Petri) pot [1 day [ days Pettl| pot 1day|3da791 Fetti| pot lday’Sdays
Control 5 7 & 6 | 51 {57 |9 |8 | 9|9 |9 | 9

A- bmin' 5 7 7 6 61 44 83 | 44xe| 94 98 99 61*}
A~ 10 ». 5 9 8 8 | 54 | 48 | 79 | 87 | %4 95 | 99 | 95
A-15 # 4 9 8 8 59 42 a3 B4 97 93 Q6. o4
A-30 » 5 8 9 7 46 40 i Fj | 7 95 ) 96
A- 60y 51 1| 1w 8 {45 |62 | 78| 75| 8| 99 | 95 | %0
A-120 » 6 g 10 H | 411 31 | 43| 53 | 87 | 90 [ 91 78
B- B 7 " 5 +8 & | 50 31 77 65 92 87 95 o7
B-10 # 5 10 8 @ | 40 | 47 | 75 | 84 | 98 | 92 | .92.| 93
B- 18 » 5 8 9 i3 |31 |77 | ™| % % | 92
B~ 30 » 5 8 11 9 37 47 73 62 88 97 o2 9
B- 60 # -1 10 12 10 40 42 26 21 o0 93 60 ) 72
B-120 » 7 12 14 12 42 30 7 3 95 83 13 9
cC-5¢ | &} 8] 8 46 | 63 [ 83 [ 85 | 94 [100 | 90 | 93
C-10 # 5 a8 8 9 41 45 n B85 9. | 92 95 0
C- 15 » 4 9 10 10 27 80 76 82 94 95 86 o5
C-30 » [ 9 3 | 9 34 32 30 E4 98 B2 &8 a1
C-60 v 701212 )12 )] 241 20 4 6 | 86 | . 7| 18
C-120 » 9 16 | 20 4 5 1|]. 0| 48 | 28§ 1 [v]

Weak, medium and strong treatments of each expoi!ure to neutrons are
indicated as A, B and C respectively.

« Percentage germination in 7 daye fqllowed the start of germination,

** Damage done by insects was observed.,
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Data in Table 1 indicate that all the treated seeds germinate, in every
cases of weak, medium and strong treatments, as a rule, more sloﬁrly ‘as the
duration of exposure longer, and that the germination energy becomes lower,
as the intensity of irradiation stronger, as the duration of exposure longer,
1t is to be noticed that, in general, the germination percentage decreases in
proportion with the frradiation intensity or the duration of exposure increases
'( Figs, 1-3), however, the germinative capacity of seeds can be. increased by
exposure to certain doses of neutron irradiations, such as A-b, A—l('), A-15,
A-30, A-60, B-10, B-15, B-30, B-60, C-5, C-10, C-15 in the dry seeds sown
in pots; A-10, A-15 in the soaked sesds immersed in water for 1 day.

Results obtained by comparing the survival rates and the mean height
growth of the seedlings with each plots are shown in Table 2.

'fabl.e 2. Comparison by Growth of Seedlings among the
Doges of Irradiaions.

_ " Survival rate* ( Nowv. 10, 1943) !Mean height growth (Nov. 10, 13)

Dose of Dry seeds Soaked seeds immer- | Dry seeds | Soaked seeds immer-
irradiation sown in lsed in water for asown in | ged in water for

Pot % 1day % |3 days % | Potem, |1 day cm: |3 days cm,
Control 835 100,0 934 3.1 B2 - 45
CA- Smin 786 990 89.3 35 5.1 45
A~ 10 84.2 96,4 995 34 4.9 4.7
A- 158 :r ri' 2 I 979 94.1 35 49 4.5
A=-30 558 1026 g5 3.5 A5 4.3
A~ 50 ¥ 7638 789 86,1 .34 3.9 33
A-120 » 744 _ 412 394 3.1 3.2 3.2
B- &5 » 770 1010 87.1 a7 44 15
B-10 » . 938 1032 741 3.3 42 45
B-18 » 853 963 94,6 35 : 3.9 42
B-3 » 90,7 86,5 824 3.6 3.1 3.7
B- 60 849 33 153 a1 1.8 28
B-120 » 125 00 0.0 24 - —
G- 6 # 96,0 105.6 98.4 26 43 42
C- 10 » 793 93.1 575 3.9 37 4,1
C-15 » 9.6 84,2 825 s 3.5 3.7
C-30 # 695 . 140 213 33 23 3.3
C-60 » 12.5 00 00 23 — —_—
C-120 » 090 00 00 — — —

Wealk, med_lium and strong treatmenta of exposure to neutrons
are indicated as A, B and C respectively.

_ The present number of seedlings Nov. 10th
*
survival rate= Total number of germipated seeds in 60 days

Table 2 dearly shows that, concerning to the dry -seeds plots, no difference
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Fig. I. Comparison by germination of dry seeds, which have been exposed for 5, 10, 15, 30, 60 and 120 minutes to
weak ( A) neutron rays respectively, planted in Petri dish.
a, control ( non-exposed ), b, A-5 min,, c, A-10 min,, d, A-15 mip., e, A-30 min, f, A-60 min.,, g, A-!20 minutes:

Fig. 2. Comparison by germination of dry seeds, which have been exposed for 5, 10, 15, 30, 60 and 120 minutes to
‘ medjj;m ( B') neutron rays respectively:planted in Petri dish.
a, control ( non-exposzd), b, B-5 min,, ¢.B-10 min,, d.B-15 min,; ‘¢, B-30 min,, f, B-60 min.,, g, B-120 minutes.

Fig. 3. Comparison bry germination of dy seeds, which have beexn exposed for 5, 10, 15, 30, 60 and 120 minutes to
strong ( C) neutron rays respectively, planted in Petri dish.
a, control ( non-exposed ), b, C-5 min.,, C-10 min., d, C-15 min., e; C-30 min,, f, C-60 min., g, C-120 minutes.

Sato and Nishina: Effects of fast neutrons upon-forest tree seeds, II
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in survival rates is found between the various doses ofirradiations except that
the doses of B-120, C-60 and C-120, but remarkable differences are seen in
them among the soaked seeds plots. )
It is of particular interest to note that ‘the survival rates of seed]ings
from the soaked seeds irradiated to neutron rays at certain doses (for example:
A-30, B-5,B-10and C-5 treatments in the soaked seeds for 1 day; A-10, A-15,
B-15 and C-5 treatments in the soaked seeds for 3 days) are higher than the
control. It is also to be pointed out that with the dose of irradiations becomes
higher, exceedingly the limited point mentioned above, the survival rate will
‘be decrease rapidly, results in zero (at the doses of B-120, C~60 and €-120).
~ Comparing the growth of seedlings among the various doses of irradiations,
the seeds treated at certain- Intensitles such as A-5, A-10, A-15, A-30, A-60,
B-5, B-10, B-15, B-30, B-60, C-5, C~10, C-15, C-30 in the di‘y seeds; A-10
in the soaked ones for 3 days, they are larger in height than the controi. The
doses of irradiations become larger exceeding the limits, as a rule, the growth
of seedlings will be decrease rapidiy.

Summary

1. Effects of fast neutrons upon the seeds of Pinus densifiora appeared
not only in the germinative capacity, but also in the survival rate and the
growth of the seedling. :

. 2, By exposing seeds to irradiation of neutron rays, an appreciable retar-
dation has been noticed in the germination of them,

3. The percentages of germinations, the survival rates were higher, and the
growth of seedlings were found to be better in the classes exbosed to the
neutron rays at certain doses than in the control .

, 4. Exceeding the limits, the percentages of germinations, the survival
rates and the growth of seedlings were inverse proportional to the doses of
radiations. The survival rates results in zero when the intensities of irradia-
tions being medium for 120 min, (B-120}, strong treatment for 60 min. [C—SO}
and over (1ntens1ty, 600 arb1t1‘ary units and over) )

5, The susceptibility of the pine seed to neutron radiations is higher in
the soaked one immersed in tap water for 1 or 3 days, than in the dry,

‘This work was carried out accordiﬁg tc the programm of the Atomic
Neucleus Sub-Committee of the Japan Society for the promotion of Scientific
Research to which we wish to oxpress our gratitude. We acknowledge the
kind assistances given by Mr. K, Muratl and Mr J. Ozawa durmg the cource
of this study.
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