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OF FAST NE
OLOGICAL EFFECTS UTR
THE Rgglg(l);}iGHUMv Sorghum bicolor (L.) Moen ch. ONS

Zaldy F. Doyungan

Introduction

) . > number of mutagens, both chemical and phygicg)
An increasing tors recently. Some of these mutageng };:

db many investiga ! i .
;?)I;iat:rly yu:sed . some applied fields, especially in agricultur, iﬁn

different physical mutagens, the effects of ionizing radiations such as g 8

rays and fastneutrons have been extensively investigated using a great k5 a

of agricultural crops.
pe potential sources of germ D

(Brock, 1972).

as been
Ve b

The mutations induced l?y such mutagenic agentg &
lasm for breeding purposes in some crop Plailtd
8

The radiogenetic effects of fast neutrons have been widely Tevieweq

by Bender (1972) who commented t'hat early .investigatio.ns on neutron-induced
mutagenesis suffered from some inaccuracies. These include the uncertgyy
neutron dosimetry sinceithas been reported that it would be difficult to separate
the coreradiation from the contaminating radiations (Mikaelsen and Brunpey
1968). However, the installation of the Standard Neutron Irradiation Facilit;i

solved the problem on uncertain neutron dosimetry.

Fast neutrons are a type of particulate radiation with an average Linear
Energy Transfer (LET) of9.5 keV/micron (Neary et al., 1959). The choice of fast
neutrons as the mutagen used in the present study is based on the findings that
fast neutrons cause low physiological toxicity and a relatively high genetic
efficiency (Mac Rey, 1968).

The objectives of the present study are to investigate the radiobiologi-
czf\l effects of the varying dose levels of fast neutrons on sorghum using the
different parameters, and to isolate some mutations caused by the mutagen
used.

Materials and Methods

Sorghum bicolor (L.) Moench. cultivar BPI-Cosor 3 purchased from the

Bureau of Plant Industry, San Andres, Manila was used as the experiment
material. ’
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The procedures and methods u.sed in the pre-and post-irradiation
ing of sorghum seeds, transplanting, and gathering and analysis of dat
proc(iegscusse d in detail elsewhere (Doyungan and Aranez, 1986).
is
aré
fon [rradiation of Seed Samples
Neu

[rradiation of seed sampleg was done at the Standard Neutron

giation Facility (SNIF) located in a swimming pool-type reactor in the
Irr‘%l1i ine Reactor Research (PRR) at the Philippine Atomic Energy
Phi Eg,gsion(PAEC)m Diliman, Quezon City. Fast neutron doses administered
S‘;’; 0.5, 1.0, 1.5, and 2.0 kilorads (kR) at the dose rate estimated in chamber

p=1875 rads per sec, and the neutron flux estimated from the activity of sulfur
pellets at 4.71 x 10® n/em/sec (Soriano et al., 1972)

Results and Discussion

Table 1A summarizes the mean effects of the different dose levels of fast
neutrons on the M, plants.

A drastic reduction on the seedling height was observed (Plate 1 and
Figure 1) showing a curvi-linear dose-response relationship. Based on Duncan’s
Multiple Range Test, the heights of the seedlings grown from seeds exposed
to1.0to 2.0 kR differed significantly from each other and from the control. As
shown in Fig. 1, the dose of 1.32 kR was considered the LD, (Lethal Dose 50%)
a8 it caused 50 percent reduction on the seedling height. Estimation of the
relative biological effectiveness (RBE) of fast neutrons using gamma radiation
a8 the standard radiation with LD50 at 58kR as previously reported (by
Doyungan and Arafiez, (1986) showed that fast neutrons were 43.94 times more

effective in reducing the seedling height compared with the effects of gamma
radiation.

; As shown furtherin Table 1A and Fig. 1, survival of the plants grown from
seeds exposed to the highest radiation dose (2.0 kR) was totally affected as all
the plants died one week after transplanting. Likewise, a significant delay in
the flowering time among the plants exposed to 1.5 kR and a significant reduction
on the panicle length of the main spikes were observed. Furthermore, a drastic
reduction in the fertility of the main spikes was observed as scored by the
Percentage seedset. As graphically shown (Fig. 1), the dose of 0.51 kR caused a
50 percent reduction on the fertility of the main spikes (LD, ), and this gave an
estimated RBE value of 74.51 based on the LD,, caused by gamma radiation
(Doyungan and Arafez, 1986)
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ABLE la. Mean effects of the different dose levelg
' fast neutrons on the M1 plants of

. o

ameter Radiation Dose : ean + SE. . ‘
ver (in KR) Pergen;
: control : 1033 + 2.28h - 100 )
. 0.5 : 10.24 + 1.56ah )
seedlog - 10 6T+ 200 91
height* : . 09¢ . 6
: : 15 : 439 + 1 4.94
e 2.0 . 258 O | s
: control : 72.72 + 509 : 109
Number of : 0.5 . 1176 _ 587 : 98
days to . 1.0 : 7427 + 506 - 100:25
flowering L5 : 79.50 - 513 107.85
. 2.0 : == - : .
control : 2451 + 286 : 100
Panicle : 0.5 : 2232 _ 403 : 9106
length : 1.0 : 21.79 + 389 88.90
(in cm) : 15 ;. 19.63 _ 316 :  80.09
: 20 H - - : s
control : 96.30 + 265 : 100
: 0.5 : 49.46 + 2773 : 5136
Seed-set : 1.0 : 23.13 + 2352 :  24.02
(percent) : 1.5 s 9.15 + 1141 9.50
: 20 . - -- : =
: control : 26.17 + 339 : 100
Dry weight : 0.5 . 30.56 + 1.79 : 116.78
per 1,000 : 1.0 : 32.59 + 190 : 12453
kernels 1.5 : XX xx o
(ingm) : 2.0 : - == : -

* Mean values with similar letters show no significant difference as determined by
Dunca's Multiple Range Test (DMRT). ;

.. No data were obtained because all the plants died one week after transplantiog

xx Only a total of more than 1,000 kernels were produced by the treated plants:

THE TECHNICIAN VOL. VII NO. 1 JUNE 1988

4___4



119

TABLE 1B,

alyses of variance of the mean effects of the different dose levels of fast neutrong

o M, Pl

pameter e Sumof  Degreesof  Mean f
o variation squares freedom square value
i
E ‘Treatment : 28.72.76 4 718.19 255.53%*
; Jling . Error 1 829.12 295 2.81
Total 3701.88 299
Yumber of ‘Treatment : 1,219.03 3 406.34 13.85**
gaysto  : Error 5278.80 180 29.33
flowering :
: Total 6497.83 183
k :‘Treatment 447.07 3 149.03 11.70**
Panicle . Error 2215.87 174 12.74
- length
: . Total 2662.94 173
; ‘Treatment :189167.29 3 : 63055.76 170.72%*
need-set : Error 1 62792.28 172 : 369.37
 (percent)
. Total :251959.57 175
Uty weight  Treatment 642.38 2 321.19 64.23**
%r1000 : Error 460.10 96 5.00
ernelg :
: Total 1102.48 98
| 3* highly significant
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ses of variance (Table 1B) showed _that certain doge le
cant effects on the different param et ers Z: dof fagt
edin
e

Analy rian
neutrons had caused signifi

study.

t neutrons have the same mgchanism of action in affectip |
Bysteva;.ft h any other ionizing radiations. These M, effects cayge gbt;lte living
neutrons may therefore stem'from both .I'adlatlon-mdu(:eq phySiOIOgiCaf fagt
genetic effects (Gaul, 1977). It has begn w1d.e1.y known ‘that ionizing s
affect the physiology of the plantg by impairing t'he biosynthetc Procegg o
some growth hormones such as auxins and g%bbe.rehns ‘(Skoog, 1935; Goy Ones of
Weber, 1955, Machaiah et al., 1976; and Sideris et &i., 1971) o affectiy ang
nucleic acid synthesis and profile (Yeally and Stone, 1975 ang Tang 13 the
Likewise, ionizing radiations hit and eventually damage the chrOII;osO 81),
thereby causing some forms of structural as well as numericg] chrOmosom
aberrations, or they may affect the nitrogen bases or any part of the DNA tI}IIIal
causing point mutations. These combined physiological and genet;, i 5 l:s
inflicted on the plant by fast neutron irradiation account for the Signiﬁcac :
effects on the seedling height, flowering time, panicle length, and sterj); ty Oft}?e

main spikes.

€8

As observed, fast neutrons yielded the estimated RBE valyeg of 43.94
and 74.51 for seedling height and seedset, respectively, compared with ﬁle
standard radiation used. This canbe ascribed to the fact that fast neutrong have
much higher linear energy transfer (LET) compared with gamma radiation As
such, fast neutrons therefore have the ability to produce more chromosomal
breaks and aberrations than gamma radiation. The death of all the plants treated
with 2.0 kR may be due to the lethal effects caused by the formation of much
higher incidence of chromosomal aberrations (Natarajan and Maric, 1961).

As observed further, the average dry weight per 1,000 kernels taken
from the main spikes significantly increased with the increasing dose. This is
due to the fact that as the fast neutron dose was increased, the percentage
seedset was concomitantly reduced. As few seeds were developing, it was
expected that bigger and eventually heavier kernels would be produced.

Fast neutrons were capable of inducing chlorophyll-deficient mutations
among the M, seedlings. As shown in Table 2, the frequency of chlorophyll-
deficient seedlings increased with the increasing fast neutron doses as analyzed
per 1,000 M, seedlings. The spectrum of these chlorophyll-deficient mutants, as
presented in Table 3, included albina, albo-striata, chlorina, viridis and xantha.

. ‘It 1s most likely that these mutations occurred as a consequence of ‘fhﬁ
radiation-induced effects on the nuclear and/or cytoplasmic factors whie
govern chlorophyll synthesis, chlorophyll structure, and function (Sprey, 1972).

8
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TABLE 2.

Frequency of chlorophyll-deficient mutation observed in the

M, seedlings grown from seeds exposed to different levels of fast

121

neutrons.
—
Radiation No. of No. of Mutation
dose seedlings mutated per 1,000 M
(in KR) analyzed seedlings seedlings i

—fcontrol 11,590 — -
0.5 8,356 : 68 8.137
1.0 2,426 : 30 12.360
1.5 685 : 10 14.599

TABLE 3.

Spectrum and percentage of chlorophyll-deficient M, seedlings

grown seeds exposed to different levels of fast neutrons.

:
 Radiation

strnata :

albina : albo- chlorina viridis : xantha
dose striata
Control - - - - -
0.5 73.5 22.1 - 2.9 15
1.0 3.3 6.7 : 83.3 - - 6.7
| 1.5 30.0 - : 50.0 - - 200
:
3
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FIGURE. 1  Graphical representation of the mean effects of the different dose
levels of fast neutrons on the M, plants

Legend: o, seedling height
A— 4 flowering time
w—m panicle length
*—% seedset
X—K dry weight
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Plate 1.  Height of the seven-day old seedlings grown from seeds exposed to vary-
ing dose levels of fast neutrons.

Summary and Conclusion

A study was conducted to determine the effects of increasing fast neu-
tron doses on some agronomic traits of sorghum, Sorghum bicolor (L.)
Moench., and to isolate some mutations in the second generation.

Results of the study showed that certain dose levels of fast neutrons
caused drastic and significant reduction on the seedling height with the
estimated RBE value of 43.94 compared with the standard radiation used. Fur-
thermore, the flowering time was slightly delayed among the plants treated
with 1.5 kR, and the panicle lengths of the main spikes were significantly
reduced. Sterility effects, as determined by the percentage seedset of the main
spikes, were very pronounced. Fast neutrons had the estimated RBE value
of 74.51 compared with the standard radiation used in affecting this particular
parameter. Concomitant, however, with the drastic reduction on the seedset,
heavier and larger kernels were produced from the main spikes among the
treated plants.
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Mutations 1solated from this study included only the Cthroph
ciency among the M, seedlings as the study was conducted only untj] the Syl—dgﬁ.
stage in the M, generation. The frequency of mutation per 1,000 M seegl ling
analyzed increased with the increasing fast neutron ‘doses, ang thé - edling,

included albina, albo-striata, chlorina, viridis, and xantha. Pectryp,

As bhas been widely known, the effects of ionizing radiatjop on th
generation may stem from both physiological and genetic effects It is thereef 1
possible that fast neutrons cause significant reduction on the seedling h; 0;6
panicle length and seed-set of the main spikes, and a sligh delay ing t,
flowering time by presumably the combined radiobiological effectg 2 ttﬁe
metabolism, particularly in the biosynthesis of some growth hormoneg an;
on the genes and chromosomes of the plants. The results of the Present ghyg
conform with several similar studies using different plant materialg. y

Just like any other ionizing radiation, fast neutrons induce °h101‘0phy11.
deficient seedling mutations, and this may be a consequence of radiatiop,.
induced alteration or changes on the genes, nuclear or cytopl

., aBmic’ Wh.iCh
govern chlorophyll synthesis, and chloroplast structure and function
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