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Abstract

To estimate the sensitivity to gamma rays in Basmati rice, five varieties namely Basmati 370,
Basmati Pak. Basmati 385, Super Basmati and Basmati 2000 were cxposed to different doses of
gamma rays ranging 150-350 Gy with an increment of 50 Gy among the doses. Plant growth
parameters such as seedling shoot and root lengths were measured in the laboratory. Highly
significant differences were observed among the varieties for seedling shoot and root lengths.
Radiations showed highly significant negative correlations with seedling shoot length (-0.998).
seedling root length (—0.941) showing dose dependent responses. Highly significant negative
correlations with panicle fertility (-0.941) and grain yield (~0.971), and signiticant necgative
correlation for seedling emergence (-0.941) showed detrimental dose dependent responses.
Seedling emergence, panicle fertility and grain yield declined with increasing dose Ievel in all the
varieties. The dose at which panicle fertility halved was 260.37 Gy. Basmati 2000 was observed to
be the most sensitive tollowed by Basmati 370, Super Basmati and Basmati Pak, but Basmati 385
was found to be the least sensitive variety to gamma rays.

Introduction

Rice (Oryza sativa L.) is one of the important cereal crops in Pakistan. Pakistan
produces and exports Basmati rice fetching high prices in the domestic as well as in the
international rice markets that ultimately raise the ex-chequer. Due to the paucity of
genetic variation in the Basmati rice, broadening the genetic base of the crop is an
important breeding goal. The shortest method is possible through induced mutations
disturbing the genetic base least. Maluszynski et al. (1995) reported that most of the
mutants were developed after irradiation of the seeds with gamma rays (166 cultivars).
Semidwarfness and earliness are the characters most frequently described in released rice
mutant cultivars. As a consequence of the paucity of local variation in Basmati rice,
broadening the genetic base of the crop in the region is extremely difficult. This may be
possible through the induction of mutations in such land races. To-date, mutation
breeding in Basmati rice resulted in the release of one variety ‘Kashmir Basmati® in
Pakistan and several other mutants (Awan et al., 1977, 1982). The present studies were
conducted to test the effect of gamma rays on Basmati varieties.

Materials and Methods
Dry dormant paddy seeds of five Basmati rice varieties namely Basmati 370,

Basmati Pak, Basmati 385, Super Basmati and Basmati 2000 with an average moisture
content of 13 % were exposed to 150, 200, 250, 300 and 350 Gray (Gy) doses of Oco
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gamma rays. The treated seeds (one hundred per treatment), along with untreated
controls were sown in Petri dishes in the laboratory with three repeats. Data on seedling
shoot and root lengths were recorded two weeks after sowing.

In the nursery field, one hundred seeds of ecach dose along with untreated control
were sown. Thirty days old seedlings were transplanted to the field as M, generation. The
experiment was conducted in a randomized complete block design with three replications
by keeping plant to row distance of 10 cm. Data on seedling emergence ten days after
sowing, plant height (cm), panicle fertility (%) and grain yield per plant at maturity were
recorded. The data collected were subjected to analysis of variance and correlation
analysis.

Results and Discussion

*Studies under laboratory in the M, generation: Highly significant differences among
varieties as well as among radiation doses were observed for seedling shoot and root
lengths. Scedling shoot and root lengths declined with increasing doses in all the
varietics (Table ). There was a highly significant effect of variety:xl dose interaction for
seedling shoot length, showing that the varieties differed in their response to irradiation.
Radiations showed highly significant negative correlations (Table 3) with seedling shoot
length (—0.998) and seedling root length (—0.941) exhibiting a dose dependent response.
Root length was more affected than shoot length. Reduced growth has been explained on
the basis of auxin destruction, changes in ascorbic acid content, and physiological and
biochemical disturbances (Gunckel & Sparrow, 1954; Gordons, 1957; Singh, 1974; Usuf
& Nair, 1974). The retardation in root length has been described due to the cessation on
cell division. Majeed (1997) and Wang er al. (1993) working on Japonica/Indica rice
varieties reported similar effects on root length. Wu er al. (1993) also observed severe
cffects of radiations on seedling growth in rice.

Studies under field conditions in the M; generation: Highly significant differences
among varicties as well as among radiation doses were observed for seedling emergence,
panicle fertility and grain yield while for plant height radiation dose showed significant
effects. Seedling emergence, panicle fertility and grain yield declined with increasing
dose level in all the varieties (Table 2). Significant effects of variety x dose interaction
for seedling emecrgence and plant height showed dose dependent response.
Nonsignificant cffects of interaction of variety with dose for panicle fertility and grain
yicld showed that the varieties were independent in their response to irradiation.
Radiations showed highly significant negative correlations with panicle fertility (- 0.941)
and grain yield (- 0.971), and significant negative correlation for seedling emergence (—
0.941) showing detrimental dosc dependent response (Table 3).

Drastic detrimental effects were observed for panicle fertility (42.51 % reduction at
350 Gy) which consequently caused reduction in grain yield (50.31 % reduction at 350
Gy; Table 3). Low panicle fertility following exposure to gamma rays may be attributed
to meiotic disturbance/chromosomal aberrations at cellular level. Miyahara® (1997)
described that panicle fertility decreased with the increase in radiation dose.
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Table 3. Correlation of varieties with radiation and their response to gamma rays.

Plant character Correlation Control Reduction (%)
Seedling shoot length (-0.998)** 7.99 9.89
Seedling root length (-0.941)%= 4.13 14.04
Seedling emergence (~0.890)* 93.21 16.01
Plant height (-0.629) 99.32 1.77
Panicle fertility (-0.941)** 86.09 42.51
Grain yield (-0.971)** 4.79 50.31

*Significant. **Highly Significant,

Seedling emergence decreased with a corresponding increase in the radiation dose in
all the varieties. More pronounced adverse effects were observed at the highest dose.
Plant height was observed to be the least affected character in all the varieties.
Nonsignificant correlation also proved that even at high doses, this character was not
much affected.

Sensitivity to radiation was determined as the lethal dose for 50 % reduction (LDsg)
in the M, generation by relating percentage panicle fertility to radiation dose. Panicle
fertility was expressed as a linear function of irradiation dose, which accounted for 88.55
% of the observed variability. The dose at which panicle fertility halved was 260.37 Gy
very similar to 250 Gy reported by Miyahara (1997). Based on the sensitivity of panicle
fertility to gamma rays, Basmati 2000 was observed to be the most sensitive followed by
Basmati 370, Super Basmati and Basmati Pak, but Basmati 385 was found to be the least
sensitive variely to gamma rays.
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