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Obha et al. (1861)°22° found that Pinus  densiflora

Introductlon s eds with dilferent water coatent, or of differant weigb,t

) a1" Pinus silvestris sceds collected from different

Since 1950, various radiations heve been extensively : o . )
) ; ] provinces or individuals in a population, these all showed
used in the {undamental research oz varicus torest trees ) o
i | o ! different radiosensitivities.
and the effect ol radiation on the germination, growih ) i o
) Brandenburg M. I3 et al (195255 reported that when a
and genetic cspects lave been carried out by means N : i o
i Pinus moaophilla tree was acutely irradiated {roma

of acute or chionic irradiation oa forest seeds and - -

branches. (12, 15, £2, 23,24, 23)

For Gvmaosperim, Daldwon (1936)(2° veporied tha: a

position near the base for ¢'gt hous with a Multitro
Cobalt-6) uait, shoot apes expased to 13002-3099R

showed almost imunzdiate growin inhibition and were

slight retacdation of germinction in X-ray irradiate . ! o ) o

ght rete ) d killed at dosages {rom 590 - 200 R within 4 months.
Pinus strobus and Pinus silvesiris seods was found \ Ay :
. Sparrow A.H.et al. (1953) ¢33 found that when seced-

o es were exposed to approximately 100 . - e . G
when the samples were exp PP lings of Pinus sirobus were exposed to CoSY gamna

KR for 4 minutes at a distance of 8inches from the - - - .
radiation at dosages from 50 to 10JUR for i6.5 hrs
X-ray tube at 2mA.

Accordiag to Sato ct al. (1931)(¥7:,  germination

during a period ol dormancy or a period of active

A ] ) growth, the dormant plants were considerably more
wis retarded when Pinus densitlora was irradiated with ) )
resistant than the actively growing plangs.
fast neutrons. This was agsin coafirmed by Simak . . o i
e The experiment of Flancois Mergen et al. (1963) (19>
et al. (1953)30> who observed that X-ray dose of 100 . T
) i o demonstrated that Pinas rigida receiving 82R.7dayog
R producid a derrimental e fect on the germination of o o
i _ A Cs137 were unable to resume cell division and differ
pinus silvesivis.
i . ) i entiation during the spring of 1952, while mic
May J.T. et al. (1652929 {ound trat in Pinus T cro
7 B spoic mother ceils were formed on tiees receiving
eclirata gamma rays of 8KR  produced slight damege s
75K day.
to germinability. Yuri I (1966) 712 died 1
o ‘ujimoto ct al. 56) 127 studied the effccts of
Custafsson et al. (1958) 45> found that getmination L
) N ) . gamma(Cot)irradiation on the pollen germination of
rates of vericus embivo clesses of Prnus  silvestris . ]
- : }SlI‘.ES densifiora and Pinus thunbergii. They found thai
secds were altered when the secds were irradiated with . L .
) gamma iriadiation at dosage of 75KR had
X-ray o1 gamnma ray.
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on significant effects en tte germinehility of rollen
while in recorderce with the emcunt of the irradiati-
cn cose tre growth in length of pollen tube genera-
Iy srrezred to te more sensitive tothe gamma irrad-
iation then the percentage of pollen germination.
Studies were made by Murai et al. (18€6)¢2 7, ontle
effects of ckronic gamma irradiation on the growth of
Larix leptolepsis in a gemma field with cytological

Ohservation Anrual reight increment was inkibited ag
about 2R day, and 50%

estimated for the keight inciement of 2.5-4.5R,/day

recCuction dose rates were

and for the breast hight diameter, the leaf length, and
leaf number per leaf fascicle 7-9R,/day, respectively.
division

with

In newly sprouted leaves, abrormal cell

1epresented by the percentages of the cells
chromosomal bridge for all dividing cells had also ,

plus correlation with the dose rate.

Capella J.A.et al. (1966) ‘8”concluded that when the
sensitivities to acute Co%? r-radiation of five species
of Gymnospermrs were studicd, these were a very radio-
sensitive group of plants; the 50 percent lethal doses
(LD:cg) for the species studied ranged from 500 to
760R and the correlation between radiosens’tivity and
nuclear (or interptase clromosome) volume for thece
species agreed cuite well with va'ues obtzined from
other acutely irradiated woody species,

Yim, K. B.
acute Co80 r-radiation of some kinds of pine seedsl-

Kim, C.S. (1964)¢1#> studicd the ef fcct Of therma

neutron irrediation on the metaktolism of pinaceae

(1264) 37> Predicted rad osensitivities to

eeds. The species were Pinus strobus, Pirus rigde
s tinus Siroous, _ltus rigo

Mill and Fji_o_t_a orientalis. Thermal-neutron irradiation
of some pinaceae seeds with0.98x 1012 to 12.20x10!2
N th. flux per cm® greatly reduces seedling develo-
pment and some specific enzymatic activities.

It is generally known that Gymnosperms are a
very radiosensitive group of higher plants (8,9, 33,34,
35). However no report has been found on the effects

of rediation on the germination and growth of Ginkgo

:nlis well known to exhibit 1elatively high dormancy
The purpose of this study was to find the effects
of 1adiation on the

germination rate, germination

damage, early stage growth, and morphological variations

in the leaves and brenctes, of thiz wovay pleme,

Materials and Methods

(1) Selection of plants. N

The sceds of Girkgo biloba L. for this study were
obtained from Kwang-reung, Yangjoo-kun, korea.
(2) Irradiation procedures.

As a pre-germination treatment to break down dor-
mancy of the seeds,the seeds were stored by means of
cold stratification under the groundirom December 3,
1967 to March 25, 1968.

After trectment, seeds were selected by mems of

water. X-ray irradiation was performed on  April
3,1968 with 6 treatments: 100R, 250R, 500R, 1000R,
S000R, 6000R.

X-ray apparatus was operated for irrzdiasion at foc
us 50cm, filter 0.25mm/al., 250 KVP, and 25mA.
Until sowing. the iiradiated seeds were stored at room
temperature 15°C-+3.

In the greenhouse, they were sown in the germinat-
ion boxes (70cmX50cmX18cm) filled with soil and
sterilized sand in the autoclave.

The experimental (eiign was 2 randomized complete
block with 40

eeds in each ircatment. After sowing,the number of
s

arrangement  with four replications,

germinated sceds weie counted at 10 a. m.,every day,
for 46 davs. Thesecds were considered to be germinated
when the shoots were found o1 the surface.

Morphologicel va-ation and seedling height were ob=
cerved twce on the o5¢h and 45th day after germin’
etion.

Ten plants in cach treatment were selected at random
to moke leal index, TR ratio, fresh weight and dry
weight. Leaf index(length/width) was made of the second
leaf {o1m surface in cach plant.

T/R ratio and fresh weight were calculated first, and then
dry weight. The experimental plants were dried at 75°C

4 78°C in the drying oven for diy weight measurement.

Results

1) Ccr nination rate. )

Tte carly germination of the seeds irradiated at low
dose as well as those of the control greup can be recegn
ized from the 17th day after sowing, tut those at highe:

doses were delayed in germination with the increasing
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dose rate.

Maximum germination ene1gy was reached on the 42
nd day from sowing. In the early stages (23rd day from
sowing) the germinated seeds of control were greater
it is most interes-

thon those of low dose rate, but

ting to note that after that date the low doses nf appr

oximately 100R produce stimulatory eflfects and

the germination percentages significantly decreased in

acc or dance with the amount of the dose rate.

(Table 1,Fig 1, 2)

Table. 1. Germination percentages of Ginkgo hiloba seeds irradiated with X-ray(%)

Days from Sawing
. e e -
d9§e(R>iatrer 17 18 19 20 21 22 23 24 25 26 27 28 29 30 33 46 39 42 45 48 K1 1
Cont 3 9 16 22 26 32 39 43 44 46 48 49 51 83 58 (5 71 T4 78 77 77 713
100R C.85.8 13 20 22 29 36 45 48 52 56 59 62 €5 70 74 77 79 8 K2 83 &3
i
250K — — — 008 6 11 16 2¢ 27 33 37 41 45 54 62 70 73 73 74 76 73,
500R ;— — — 0.80.8 5 6 9 12 18 23 27 32 37 43 47 52 58 61 62 63 64!
{ 1
1000R [ = = - — — — - — — — — 2575 9 13 18 18 19 21 231‘
VR - = — m m m — s s e e e —1.71.71.71.71.7%‘
| 60G0R __ | — — = o e o o s s =0.80.80.80.8 0.8
1o K
too} 100 %}
ky \L .dose of LDso
- ®ICONT. S
< * 100 R s - l
< 50 4:250R £ 50¢
K X I500R £
E o
& *
2
R a0 |000R -~
°\° " 0—0/
~ A o R D ——
o e a 3%°°°°on 0 5001000 2000 3000,
0 24 30 36 42 48 54 6 - - oo .
0 66(dqys from sowing) Fig2 Germination sensitivity curves of X-ray
Fig. i Cermination process of X-ray irragiated nrocicteé Ginkgo biloba L. seeds obtained
@t the time when the germination enérgy

dinkgo biloba L. seeds.

appeared  with  increasing

Fig. 3. Scedling damage

dase.

wos reachea in controf,
rig. 2.
2) Seedling height.

In the enly stage (25th day after geimination), as-
lightly increased growth(growth stimulation) was observed
at the low dose (100R)over that of the control group. Dut
on the 45thday after germina tion, the height of the low
dose was observed less than the control groups indicating

between the low dose(100R) and

little
centrol.
Scedling height was severely inhibited at the high

signi{icance

dose rate. The damage to the seedling increased with the
arnount of dose rate in cach treatment and the growth
in each treatment can  be of high significance exeept

between 500R  and 1000R treatment. (Table 2,3,

Fig. 3: 4)
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Table 2. Analysis of variance for <eedling height.

D.F S5, 1 M.S. (

REP. | 3‘ 4109. 116]  1369.705) f

TREATI 4 1223522 3z7| 53880- 3811 200. 132;P 0.01

|

;ERRORl 12 | 3350. 617’ 279, 2181

?TOTALl 19 230982. 060]

DUNCAN’S MULTIPLE RANGE TEST
CONT. 100 250 500 1000R

Table 3. Seedling height (Mean values)

CONT| 100 | 250| 500 | 1000] 3000 6000

1 ‘6075 63302073’12‘280629 —

f
2 |o 155ﬂ 8.250, 2. 853! 1.358] o701 —| -

1: 25th day from Grom. (May 24, 1968)
2: 45th day fiom Grom. (Jun 13, 1968)

4 .
\ A:45th day after germ,

x:25th day after germ.

¢m)

{ Seedling height

?"\\\\-_A
: 3,
O 100 260 500 1000 (R}

Fig.4 Seedling height in retation to dose rates.
Each point of finear curves represent the
mean height of the seedli s 'n egch treatment.

3) Leaf index

Leaf form of Ginkgo biloba L. observed on the 50th
day after germination had significantly with increasing
dose rate.

Leaf index(length/width) increased in accordance with
the amount of dose rate. ‘

The correlation was observed in this plant between
the leaf index and the dose rate. (Table 4, Fig. 5,6)

Table 4. Leaf index and top/root ratio of Ginkgy

biloba L. seeds (50th day after germination, Jun®
1968)

{ { '
[ lconc. | 00| 250 500 ]1000‘300060)%

| T

Leaf Index | 148 198 310 4.07 — — —
"Top/Root | (L ohal i o
| b Ro0t | 1.520] 1503, 0.790) 0.470 =

Cont 100 250 500R

Fig. 5. Leaf form of plants parrowed significantlv

with large dose.

Index ) .

{ Leat

[} 100 © -~ 250 500 (R)

Fig.& This figure shows the leaf index(lenqth/wid"ﬂ
in relation to dose rates.

Each polnt of linear curves represent the
mean leaf index of the seedlings correspond<
‘ing to douse rotes.

4) T/R Ratio

It was proportionally decreased on top as compared

with root at high doses. (Table 4, Fig. 7,8)
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Fig. 8.Rooting was unaffected with increasing dose.

but seedling heigh' wos camaged.

x>
~
0 i0C 250 500(R"
Fig.7 Top/ Root ratio in relation to dose rotes.

Each point of linear curves represent the
mean volues of the seedling corresponding

to dose rates.

5) Fresh and dry weight

With large dose,

with 250R comparéble to 100R. Then, the increasing
with 100R showed. (Table 5, 6, Fig. 9)

they were significantly depressed

Table. 5. Analysis of variance for dry matter.
‘ lD F .5 M.S. J__,
| REP. 2 0103 0.005%5 i
CTREAT |3 "5%9; 0. 61585775172}5/;
’j#r R ié OR 6 0. 02481 0. 00413J g
TTor 11 0.0912 ; ‘

Duncan’s Multjpk Range Test

100R  Cont: 250R 500R

# Table.
biloba L.

6. Fresh weight and dry weight of Ginkgo

\ ‘Cont 'JO 950 500 1000 30’)0 ()OO()R

\ I'Esh Wc‘ght; 2642 8}2 112 09 “ -

i |
“Dry we,fht\ 0.610. 790 560, 53—

5}

: 50th day after germ.

oo

: 53.d day alter germ.

(9
3.0 ,
X L
2.7“/ \ FRESH WEIGHT
2.4 X
2.1 \ N X
1.8
1.5
1.2
29 weweHT
- : A DRY
O.Gd\/ \ :
! e ————————
o3l a
0 100 250 550 (R)
f’ig.g Dry and fresh weight are depressed with
treatment. .

6) Visible or morphological mutations in plants.

This category of mutants embraced all the changes
that appcar and remain in the plants after secdling
stage.

Among the detected mutants were some affecting
plant habit (dwarf type, bushy sprouting from buds. )

and leaf traits (tube shape, corpulence, stria, thick
green. )

At high doses, sprouting of ~bushy type in latera
buds, thick green and corpulence of leaf weie accelerate
and tube shape and stiia in leaf appeaed ( Table 7,

Fig 10, 11, 12, 13)
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Table 7. Leaf variation and axilliary tud aberration

of Ginkgo biloba L.

45th day after germination (june 14, 1968)

i 1 i : '
' Cont.| 100 | 250} 500 1006 3008 5900,

Leci vaviation 0/10832/110 10,135 1/30 &
(tube shepe)l 0 29 9 1 3%
‘Axilliary bud 0/108 7/11052/11524/50
I _abervation | 0 | 6 |

i

S
, w] ~ —
465 | 80%l ] T T

PEOR

to. taken on scecling siege ior sproutiig

Cong,

2501
Fig. 11. Sprouting of lateral buds with high dosc.

There are many sprouts as compared with

normal.
F
¥ ‘
- P x
‘ |
R
Cont 259 500

Fig. 12. Morphological leaf variations (tube shape

ete.) appered with high daane,

fig. 13. Lear muiant (siria)

Discussion

While the germination percentage of -reated seeds
in cereal crops appears unaffected by the various
irradiation doses, there was faster germination within
a limited dosec but bevond that dose sensitivity in
_(irgngsy:erm was very severe. (2, 4, 6, 11, 19)

According to this fact, Ciy_rp._ngip.g_r_n_l was higher than
Planted crops in radiation response. The germination
LD rq reporied in Gymnosperm until now, has been
indicated with 1.9 KR in P. densiflora, 7.2 KR in
l_’{:ﬁ{_}ii 11.3KR in &-ba;rllffﬁn_a. (37)

The data calculated in this experiment seemed to
ke 765R in LDgo. (17, 37)

If the sensitivity that was high in Gymnosperm
could be related to nuclear volume, the sensitivit}" in
also high in volume may be due to
9, 33, 34, 35)

It was most interes:ing to note that the stimulating

Ginkgo biloba I..

the samwe reason(2,

cffect of low doses of radiation on sceds increased. the
cvidence of 2 physiological stimulating effect for the
phenomena was frecuently observed. (34)

cffects

Discuseing  the of small doses ir plants,

seversl prevous investigators have drawn  attention to
permeability of the outer rmembranes as the site of
zction of 1adiation besides the hypothesis of enzyme
relcase alter the destruction of inner membranes. (28)

In many cases an increased uptake and release of
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substances was cbserved as a consequence of irradia-
tion.

Here therc was confirmation of the findings by Bacq
Z.M. et al, Druce, Higinboth
Rothstein cc. (1, 16, 26.)

aw, Hug, Pouard,

There was a dose proportional delay in germination,
which was the first indication of physiological damage.
(7,19, 29.)

In addition to an increase of plant height in early
stage with low dose, the increasing of dry and fresh
weight as compared with the non-irrediated controle
were also considered with provocative germinarion
vitality and germination capacity. (16, 26, 28, 26.)

The depressed response with large doses of irradiation,
indicates that there may be a relation between the
ameunt of irradiation and germination delav, and
absorption delay in growth. (24)

It was the general opinion that the effect of ascen-
dence for leaf index with treatments may ho caused by
narrowing leaf width, corpulence of lcaf (25).

Moreover, it was easy to find morphological changes
with high level radiation. By doing so, these distingu
isable genetic variability appeared as thick green, stria,
tube shape in leaves and sproutings of hushy type from
lateral tuds (14). It could be concluded {rom obscrva
tions in many picces of literature that t}e alternation
in metabolism concerned by irradiation cculd oftea he
cemparcd with the effect of physiological active subst-
(29, 33

Summary

%go biloba L., which was distributed in Korea,

was x-rayed with 100, 250, 500, 1660, 7000, €000R,

The results of responses about germinatinn, morpha-

ances,

lngical variations in seediing and eatly stage grow'h
inay be summarized as follows:

1. The germination percent was decressed with Y-
ray increasing cose from 5001 except the slight stim-
ulation of 100R.

2. The germination LD g seemed to be T65R.

3, The seedling height was depressed significantly
but only slightly in 100R.

4. The Ical index was incresscd proporiionally to
high dose but T/R ratio was 1cduced rppasently.

5. Tke dry or fresh weight decreescd from 50R.

W was highly cignificant except 100R.

6. Many morphological variations were indicated in

plants.
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