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Studies on the Irradiation Effects on Some Useful Plants.
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Table 1. Irradiation data and plant materials
Number Oct. 1983 Mar. 1984
Dose Irradiation Dose rate Irradiation  Irradiation Dose rate Irradiation
(kGy) time distance time distance
(kR/H) (cm) (kR/H) (em)
0(Cont) — — — -— - -
0.05 7 min. 42 50 8 40 50
0.1 14 42 50 15 40 50
0.2 28 42 50 30 40 50
0.3 42 42 50 45 40 50
0.4 56 42 50 60 40 50
0.5 70 42 50 75 40 50
0.7 98 42 50 105 40 50
1.0 140 42 50 150 40 50
3.8 18 hour 21 70 19 20 70
6.3 18 35 55 19 33 55
9.5 18 53 45 19 49 45
15 18 86 35 19 81 35
21 18 115 30 19 110 30
29 18 160 25 19 150 25

Irradiated plant material

Irradiated plant materials

Safflower
(Carthamus tinctorius L.)

Buck wheat

(Fagopyrum esculentum Moench)
Black mappe

(Phaseolus mungo L.)
Peas

(Pisum sativum 1..)
Turnips

(Brassica campestris L.

ssp. rapifera Sinsk.)

Table 2.

Experimental conditions

Indoor
(20°C dark room)

Plant materials

Outdoor
(glass room)

Seeding date

Seeding depth

Seeding date  Final observation

(1984) (cm) (1984) (1984)
Buck wheat June 23 10-15 April 21 May 26
Black mappe June 16 10—-15 April 21 May 26
Peas June 16 10—-15 April 21 May 26
Turnips June 23 05—10 April 21 May 26
Safflowers June 28 10—15 March 27 May 26

A=) 13 0~0.2kGy XTI 100% Th - 7=
7%, 0.3kGy Xii 90%, 0.4kGy [XI3#y20%, 0.5
kGy DI EOXTIE0% L#@Z {252 >N TH

HRIIWEBIZER L. 0 EFROHRIT 11~24
ADRIZZE LI L, TORIIRREERELZRL
7= (Fig.1).

#1d 0~0.2kGy XTid 30cm LLE&IRIFFEE

Th 7225 0.3kGy U LOXTIEBE:HINT 51
SN TEEIIHD Uz e, T 0~0.1kGy
XKTRIZEAERALUTH » 7245 0.2kGy P EOXT

WOWE L) -7z 72, B LD b TR ICEMN
OB IEEICTbN .

BEIERIE 0~0.4kGy KTIXIBHXMIZIZEA L
RO LNT, 0.5kGy KTRRWL L. 2D
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Fig. 1.

Effects of irradiation on the survival of emerged plants. Survival
percentage is the rate of live plants to all the plants which
emerged during the period from the first to 10 days after seeding.

The plots having more than 809 in survival ratio or less than
30% in emergence ratio were omitted.
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Table 3. Experimental data of the irradiated buck wheat
Dose  Germi- Mean days Emergence Survival  Plant Hypocotyl No. of Mean Topping Injury
nation of percent percent  height length  expanded  fresh percent index”
germination leaves weight
(kGy) (%) (day) (%) (%) (cm) (cm) (® (%)
0 100 2 100 100 36.3+6.0 9.4%£1.8 3.4%0.5 0.8%0.3 0 0
0.05 100 2.0£0.2 100 100 37.74+5.9 8.9+1.4 3.5%0.6 1.7%0.6 0 0.5
0.1 100 2 100 100 34.9+6.6 9.0+2.0 3.3x0.7 1.0%0.5 0 0.5
0.2 100 2.010.2 100 100 31.147.5 6.1%x1.4 3.4+0.7 1.24+0.6 10.3 1.8
0.3 100 2.0x0.2 100 90.0+7.1 20.8+7.5 3.7£1.1 3.6+1.0 0.7%£0.4 22.2 2.8
0.4 100 2.0+0.2 95,0+ 5.0 18.6+5.0 8.1%7.3 1.9+0.9 2.7+1.2 0.4%£0.5 42.9 3.7
0.5 100 2 87.5+£13.0 0 — - — — — —
0.7 97.5 2 60.0% 7.1 0 — — — — — —
1.0 100 2.1+£0.3 2.5+ 4.3 0 — — — — — —
3.8 97.5 2.5%0.6 0 — — — —_ — — —_—
6.3 95.0 3.0+0.3 0 — — — — — — —
9.5 90.0 3.8+0.9 0 — — — — — — —
15 0 — 0 — — — — — — —_—
21 0 — 0 — — — — — — —
29 0 — 0 — — — — — — —

Buck wheat were grown for 35 days.

1) Symptoms of individual plant ranged from 0—4, with 4 being the most severe.

The average was calculated ' for each plot.

TR DOWIIEIEY D, AEOBEEML &h
S FCEIEBLDTH B,

HpkE (EEEE) 13 0~0.3kGy XTIZIZIZRR
TH 71253, 0.4kGy XTI 50% 128 L /.

IR DWW b FEEKDSN, BRI
boTTNTHIEL, ¥ EHXMIIERIIZEA
LD LN T2

ERWEICE LN BHGREE L LT, ERNDE
1 Gk, FnEhY 2 - M O%RE, MAELE
DR, TF 4 VERREE B - LEORMEL Z
BEHENI. THHIEEITE 1~ SARZEITHEHEITHE
BL7. bbb, 0.05 L 0.1kGy DL #HEXT
13, EY A4 SEROLERTEHSBEEI N Lr
L, 0.2kGy XTI, EBHOERBILTAUTOMRS
X EIZZRAETH 21209 0bh 5T, BT ~TOH
EpsFb HNt. X 51, 0.3kGy U EOX TR
1% L 22 BTN THEIE Y EEOFEHIEIIZ L {3
L7z,

co kI, (ERROBRKIZ,IS Y OPEPRD
BT LN, BT L kv OF] L FLIL Tz,

2. F544 -7y~ (Table 4, Fig. 1)
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bbb, THE L ERiEDO S ORI}, 0.2kGy
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Table 4. Experimental data of the irradiated black mappe
Dose Germi- Mean days Emergence Survival Plant Length of No. of Mean Injury
nation of percent percent height hypocotyl and expanded fresh index"
germination epicotyl leaves weight

(kGy) (%) (day) (%) (%) {cm) {cm) (g)

0 96.0 3.1+1.0 92.5%+"4.3 97.2+4.8 13.6+1.6 10.2+1.7 1.6+0.4 0.9+0.3 0
0.05 92.0 2.6+0.8 100 95.0£5.0 13.4%+1.5 9.9%1.3 1.3+0.3 0.940.2 0
0.1 92.0 2.4£0.5 95.0% 5.0 94.4+9.6 12.8+1.4 9.0%+1.3 1.6+0.5 0.940.3 1.8
0.2 96.0 2.5%0.8 100 97.5%+4.3 10.7x2.4 7.8%1.6 1.240.5 0.4%0.2 1.7
0.3 100 2.5+£0.7  95.0%5.0 94.7%£5.3 10.1+2.2 7.34+1.6 1.5+0.4 0.740.2 2.3
0.4 84.0 2.84+0.8 77.5+22.8 95.0%5.0 10.7+1.3 7.7%+1.1 1.7+0.7 0.840.3 2.6
0.5 88.0 3.0£0.6 82.5+10.9 90.8+5.5 10.3%+2.4 7.1%1.5 1.740.5 0.440.3 2.9
0.7 92.0 2.94£0.7 85.0% 5.0 90.2+5.9 10.8+3.4 6.6+1.9 2.04£0.8 0.9+0.4 3.6
1.0 92.0 3.0£0.7 92.5% 8.3 59.5+2.5 8.0%+2.0 4.3+1.0 2.4+0.7 0.8+0.4 4.0
3.8 76.0 3.2+0.6 27.5%20.4 0 — — — — —
6.3 72.0 3.2+0.5 29.5%14.1 0 - — - — —
9.5 64.0 4.310.6 0 — — - — — —
15 0 — 0 — — — — — —
21 0 — 0 — — — — - —
29 0 — 0 — — - — - —

Black mappe were grown for 35 days.
1) Refer to table 3.

THhotz 5P, 0.7kGy YU LEORKTIIMIEY OEHE
LbRDOLN, TORIZIITIEES 2 IXPE O
BT 200D 672,
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BEZERL, EHETIE 0~0.7kGy &\ 9 VRS i
Bilhl - TURZAE CHRBED SN 2. o
HEEDIZIIHRSNLNE DTH » 7=,

3. T K9 (Table 5, Fig. 1)
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.
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Table 5. Experimental data of the irradiated peas

Dose Germi- Mean days Emergence Survival Plant No. of Mean Fruiting? Topping Injury

nation of percent percent height expanded fresh percent index!
germination leaves  weight

(kGy) (%) (day) (%) (%) (cm) (8) (%) (%)

0 100 4.4+0.5 100 97.5+ 4.326.5+ 4.7 7.91£0.6 1.7+0.6 90.0 0 0
0.05 100 4.0£0.1 95.0%+ 5.0 97.2+ 4.933.7+ 5.3 8.8+1.1 2.0%0.6 89.2 5.4 2.1
0.1 100 4.440.5 97.5+ 4.3 97.5%+ 4.319.9+ 8.7 7.6%£2.3 1.2+0.7 63.1 23.7 3.3
0.2 100 4.240.4 75.0+15.0 62.9+ 2.422.2+10.9 6.5£2.1 1.540.9 55.3 52.6 3.4
0.3 100 4.240.4 60.0+12.2 28.9+ 3.013.7+£11.4 3.9%£1.0 0.8%0.7 20.0 100 4.0
0.4 100 4.24+0.4 30.0+10.0 12.5+21.6 3.0% 0.5 6.0%£3.0 0.7%+0.9 0 100 4.0
0.5 100 4.3+0.4 17.5% 4.3 0 — — — — — -—
0.7 100 4.32£0.5 20.0%12.2 0 — — - —_ — —
1.0 100 4.5%£0.5 12.5% 4.5 0 — — — — —_ —
3.8 100 5.710.8 12.5% 4.3 0 — — — — -_ _
6.3 92.3 4,5+0.5 2.5+ 4.3 0 — - — — — —
9.5 80.0 5.8%+0.7 0 — — —_ — — — —
15 0 — 0 — —_— — - — —_ —
21 0 — 0 — — — — — — —
29 0 — 0 — — — — —_ — —

Peas were grown for 35 days.
1) Refer to table 3.
2) Percent of plants with capsules to the survived plants for each plot.

Table 6. Experimental data of the irradiated turnips

Dose Germi- Mean days Emergence Survival  Length of the No. of Mean fresh
nation of percent percent largest leaf expanded weight
percent  germination leaves
(kGy) (%) (day) (%) (%) {cm) (g)
0 98.0 3.3£0.9 48.31+12.8 100 18.0+4.4 5.3%0.7 3.4£2.5
0.05 86.0 2.3%£0.9 66.6+10.5 95.4% 4.6 15.2+3.5 4.6+0.8 1.6£1.1
0.1 100 2.4£0.7 66.7+12.4 91.6+ 5.2 15.0£3.5 4.810.8 1.9x1.4
0.2 100 2.5%1.2 75.01+23.7 93.1%+ 6.9 13.3+4.9 4.7%+1.2 1.6+2.0
0.3 96.0 2.4%0.8 50.0% 7.4 89.9+ 6.2 16.9+4.9 5.2%1.1 3.3+2.2
0.4 94.0 2.440.6 55.0t 2.9 87.6% 0.6 13.0+4.2 5.2%1.1 1.9£1.6
0.5 96.0 2.711.1 43.3+ 7.4 57.2+17.4 11.7+4.3 4.9%+2.0 1.8%+1.6
0.7 92.0 3.0+1.2 41.6%+ 7.3 30.0+29.9 13.0+3.0 7.0%+1.2 2.611.4
1.0 98.0 2.6£0.6 46.6+14.2 0 — - —
3.8 56.0 3.9%+1.2 28.3%+ 2.9 0 — — —
6.3 52.0 4.7+1.3 26.7t 9.4 0 — — —
9.5 20.0 6.5+1.2 0 — — — —
15 0 — 0 — — — —
21 0 — 0 — — — —
29 0 — 0 — — — —
Turnips were grown for 35 days.
4. #7 (Table 6, Fig. 1) VAR LN MOBEAEY LRV HFELFE UHRE
FHEFIL 0~1kGy XTI 0% ULEEEHLDT o RHERSLE L 7.
BRIk 2B AR SN2 - . 3.8kGy XL HZERIZ CORHRIZB N TORFRLVET L
FTRBEASEIENT 210N TREIEDL, 16 75, F123.8 & 6.3kGy OMXTELETL, &
KGy KELETIRE 7 Fe LA o 7. 512 9.5kGy LLEDRTIEE » 72 & HZE L 2sd o 72

SEHFEHF ERIT 3.8kGy LLEDXTHINT % A EHERDOETIR, v AOHBAELIYIWI o) 500
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TH 7%, BEK11~26 AREICE L EFL, 1~
6.3 kGy XDHIFEKITT N THIEL 7= (Fig. 1).
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5. ~=s4 (Table 7)
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MXEOEEZ LN 572 Lo L, 9.5kGy KT
3% 402 L 2BICIE T L, 15kGy U EOBHKX Tl
o7 HFE L sh o7 COROLEFE HEIL 1
kGy RETIIZEALRLTH - 7273, 3.8kGy X
> HRRPREINT 210N TREBITHIN L 72. 5
FHBUIRFER L D BB TSRS U
7=.

HZFRIIAFRICHB L TRBIICH 2 ) BV E %
ML72%%, 3.8kGy RE TSI L 288138 » 5
Ngh -7z Lrl, 6.3kGy X5 HIEsid&mz
WAL, 15kGy UEDORTIE £ 72 HE LK 5
7o MEFREEEE~I0ATY— s s 77,
EHRERX TR OBMIET 2EENS {5, EER
BETL, 0.7kGy LI EQRTIIHEEMEKIZT ~ TR
FEL 7=

EXIE 0~0.3kGy XTI IZIZRALTH - 7278,
0.4 £ 0.5kGy RTIBASDITEL 22Y, T 7=, Mk
BOELE LY - 7.

BRBERICIIEARBOEICL 2B NZHE V4L
N o725, BiEYiZ 0.4 & 0.5kGy DOFX Iz
WRDON, BEHRESEINT 31250 T OEEK
DL /-,

HHEIR 0~0.3kGy XKTIHIZIZA LT, Mok
DHEILONLh o)LL, 0.4 0.5kGy X
TIRRARBSEINT 215N TH VNI 22 5 7e.

EEITIIRA OBEIFEE ITIIBD SN2 h - 7298,
EOITIMAORErMEI N 2T, EETH
IZi2 0.1kGy LI EORXTIE, BEBENREL 312
DNTEY A ZERPEDOEEIIE L 5o L
L, EET I o0 TERIISHIE L £ b,
0.1 & 0.2kGy DOEXTIXT N 5 DFERIZTFhLHE
FICBOH LN, EAEEICRBED SN o7 F 72,
0.3~0.5kGy RTII T/ Tl RAZEIZY =
YA VIR EDOEE 1RO 5N, ThbOREEIIE
HBRNBZ L LEBI1IZon T L o 7.

BACHERICIL, 3 CIIBFIZSERL OO o
HODRE XIIMEBERD LV TR EWE S5 124 2 7=,
UL, Y9(EIE 0.5kGy RTH2 DINE hs 5 7258,
OBHX TIIAR X LERIIL SN - 7=,

ULEDHRLY, ROTERD ptE 5.

HEHERIL 1kGy UTORXTIE EOMREMm Y 1313

Table 7. Experimental data of the irradiated safflowers

Dose Germi-  Mean days Emergence Survival Plant No. of Mean Topping  Injury
nation of percent percent height  expanded fresh percent index!
percent germination leaves weight

(kGy) (%) (day) (%) (%) (cm) (No)) (g) (%)

0 97.5 2.9+0.3 69.2+17.2 90.6+ 5.0 35.0+11.4 14.7+3.8 2.0+1.6 0 0

0.05 97.5 2.9+£0.4 58.8+15.4 86.8+12.3 35.3+ 6.4 17.9+2.8 2.4+1.2 0 0

0.1 95.0 2.7+£0.5 70.8%+11.0 93.1+ 5.6 33.4+10.0 15.0+4.1 1,7+0.8 0 0.6

0.2 100 2.91£0.5 46.7+11.8 86.2+11.6 36.2+ 6.1 18.5+2.4 2.9+1.3 0 0.6

0.3 97.5 2.9%£0.4 63.3% 9.4 92.6+ 6.4 31.3+ 9.4 17.2+3.8 1.9%1.5 3.6 2.1

0.4 97.5 3.0£0.3 60.8+ 9.3 66.24+19.2 23.3410.0 16.1+4.8 1.3%+1.0 18.8 3.1

0.5 97.5 3.0£0.2 58.3% 9.9 41.4+13.5 15.2+ 7.2 14.2+3.6 0.7+0.5 27.3 3.9

0.7 95.0 3.1£0.4 35.9%13.0 0 — — — - —

1.0 97.5 3.1£0.4 46.24+16.9 0 — — — — —

3.8 100 3.8+0.4 43.4% 5.5 0 - — — — —

6.3 92.5 4.4+0.7 21.7+ 8.0 0 - — — — -—

9.5 42.5 5.7£1.0 L7+ 3.7 0 — - — — —

15 0 — 0 - — -— — - —
21 0 — 0 — - — - — -
29 0 — 0 — - — - - —

Satflowers were grown for 60 days.
1) Refer to table 3.
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Fig. 2. Effects of irradiation on germination,

emergence and survival percentage of
the plants.

O : Buck wheat ® : Black mappe
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x : Peas
A Turnips
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Summary

As a part of the studies on the irradiation effects on some useful plants, this study
was designed to investigate the effects on to the seeds of buck wheat, black mappe, peas,
turnips and safflowers which were dried and irradiated by gamma radiation from Co-60
source. They were seeded in glass-pots at 20°C in darkness or in a glass house in pots
filled with sand. And then, their germination, emergence and growth were examined,
respectively.

No plants germinated in plots where their seeds were irradiated with more than 15
kGy. Through all plants, regardless of the irradiation doses, emergence percentage was
lower than germination percentage.

The survival-rate of the emerged plants decreased decidedly during the period from
11 to 24 days after seeding.  The larger was the irradiation dose, the greater was the
mortality rate.

In plant height, number of the expanded leaves, and in fresh weight no difference
was observed among the irradiation doses varying from low to middle. Near the critical
dose for survival, however, plant height, number of the expanded leaves and fresh weight
were noted to be quite low and small compared with those of the dose-plots from lower
to middle.

Vacious symptoms of irradiation effects on plant ranged from mild to severe, as in
the following, mosaic, malformation of leaf, dwarfing and topping. Irradiation effects
increased as the irradiation dose increased.



