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ABSTRACT

The quantumof induced polygenic variability for quantitative traits was compared in the M, and M, generations
after treating the seeds of Basmati rice cultivar T- 23 with gamma- rays and ethyl methanesulphonate (EMS).
There were mutagenic differences for the release of genetic variability in both the generations. In comparison
to EMS, gamma-rays were found to be |ess effective in generating polygenic variation in terms of coefficient of
variability. Moreover, the characters differed in the manifestation of variability in the two generations. High
induced variability for panicle length, number of grains panicle?, plant height, days to flowering and days to
maturity was observed in M, and for grain yield plant, 100-grain weight and effective tillers plant™ in the M,
generation. Therefore, these generations are most appropriate for improvement of these characters through

selection.
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Majority of agronomically important plant characters
are quantitatively inherited. These characters display
continuous variation and in general are controlled by
many genes. The creation of variation for such
charactersfor the sel ection to act upon isvery important
in crop improvement and this has long been
accomplished through hybridization. However, it has
been conclusively established that different kind of
mutagenswhen applied to plant tissues, induce mutations
in polygenic characters (Gregory, 1955; Rawlings et
al., 1958; Swaminathan, 1963; Frey, 1965; Gaul and
Aastveit, 1966; Gupta, 1969). The growing emphasis
of micromutations as avaluable tool for improvement
of cultivated species has assumed greater significance
due to the fact that a number of field crop varieties
evolved by this method have been rel eased at the global
level. However, one of theimportant problemsin such
breeding programmes is to determine the generation
when the highest degree of induced genetic variation
for particular trait under improvement is expected to
be generated and the mean stabilized. In the present
investigation, therefore, an attempt was made to study
therel ative quantum and nature of induced phenotypic
and genotypic variability, the heritable portion of the

induced genetic variability and itsresponseto selection
for grain yield and its components in the M, and M,
generations following mutagenesis of Basmati rice
cultivar T-23 with gamma- rays ethyl methanesul phonate
(EMS).

MATERIALS AND METHODS

Two thousand and five hundred (2,500) dry well filled
and uniform sized seeds each of late maturing (140
days) locally adapted Basmati rice cultivar T-23 were
subjected to 25, 30 and 35 kR gamma-rays and 0.8,
1.0 and 1.2% ethyl methane sulphonate (EMYS)
treatments. In order to sati sfy the basi c assumptions of
geneticanaysisfor polygenictraits, only morphologically
normal looking plants were taken from M_ and M,
generations. M, and M, generationswere raised along
with control in RBD with two replications. Forty plant
progenies per treatment were raised. Each progeny
consisted of single row of 2.25 m length with row to
row and plant-to-plant spacings of 20 cm and 15cm,
respectively. In order to understand quantum of induced
variation, data were recorded on five random plants
per replication in each of the 40 plant progenies per
treatment, thus comprising 400 plantsin each treatment
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under both M, and M, generations.

The combined datarecorded on grainyield and
other polygenic traits of all the treatments of gamma-
rays and EMS in the M, and M, generations were
subjected to analysis of variance as suggested by
Yonejawa (1979). The phenotypic coefficient of
variation (PCV), genotypic coefficient of variation
(GCV), heritability in broad sense (H) and the genetic
advance (GA) were used as criteria for determining
the appropriate generation for selection.
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RESULTS AND DISCUSSION

The estimated mean values for various traits in the
parental (M, M, and M,) generations are presented in
Table 1. The mean values of grain yield plant 1, 100-
grain weight and effective tillers plantwere either
comparableto the control or increased fromM,to M.
Similarly PCV, GCV, H and GA for these traits were
morein M, than inthe corresponding treatments of the
M, generation (Table 2). Both gamma- rays and EMS
treatments caused marked decreasesin thegrainyield

Table 1. Estimatesof parental (M, M, and M) populationsmean with respect to various polygenictraitsunder different

dosesin T-23
Dose Grain Panicle Number of 100-grain Number of Plant Days Days to
EMS treatments yield length grains weight (g) effective height to 50% maturity
plant'(g) (cm) panicle tillersplant*  (cm) flowering
0.8% M, 6.1 23.65 98.80 212 525 115.27 115.75 145.75
+0.30 +0.53 +1.90 +0.04 +0.15 +0.90 +0.48 +0.87
M, 6.60* 24.5* 94.70° 2.10 5.35* 105.67¢  111.54°@ 143.40@
+0.36 +0.30 +2.05 +0.09 +0.22 +2.02 +0. 45 +1.32
M, 7.96* 23.99 85.47@ 2.22* 5.87* 110.60 114.00@ 143.60@
+0.36 +0.32 +1.29 +0.07 +0.23 +2.33 +0.35 +0.34
1.0% M, 570 23.92 89.00 2.22 5.00 107.77 170.00 147.00
+0.37 +0.28 +2.30 +0.08 +0.12 +1.53 +0.57 +1.29
M, 579 24.14* 92.37* 1.90@ 5.21* 106.44 111.18@ 141.02@
+ 0.26 +0.33 +1.76 +0.07 +0.24 +2.46 +0.49 +0.65
M, 7.79* 23.72 8l.31@ 2.28 5.43* 107.62 112.92¢ 143.45@
+0.28 +0.38 +1.70 +0. 07 +0.16 +243 +0.40 +0.29
1.2% M, 6.90 23.97 99.50 217 5.85 109.80 115.75 147.25
+0.51 +0.33 +1.97 +0.06 +0.51 +1.96 +0.85 +1.85
M, 6.60 24.01 91.04@ 1.98° 5.39 107.80 112.10@ 142.86°
+0.19 +0.22 +1.36 +0.07 +0.22 +2.17 +0.42 +0.50
M, 7.53* 23.77 82.992 2.26* 5.82 108.90 113.46@ 143.78°
+0.27 +042 +1.86 +0.08 +0.17 +1.58 +0.39 +0.35
Gamma-rays
25kR M, 8.80 24.27 104.70 2.00 6.40 114.75 118.00 148.75
+0.32 +0.29 +3.15 +0.08 +0.26 +1.53 +0.58 +111
M, 8.07@ 25.10* 98.90@ 1.86@ 5.62¢ 112,992  112.27@ 142.18@
+0.25 +0.27 +2.18 +0.09 +0.16 +1.63 +0.45 +0.78
M, 8.97* 24.74% 96.48¢2 2.18* 5.98@ 115.22 113.57@ 143.72@
+0.36 +0.33 +1.40 +0.09 +0.21 +1.55 +0.39 +042
30kR M, 7.90 24.00 97.05 2.02 515 112.27 116.75 148.50
+047 +0.30 +2.65 +0.06 +0.09 +0.97 +111 +0.86
M, 6.239 24.64* 85.52¢ 2.11* 5.23* 112.50*  112.90@ 142.30@
+0.27 +0.29 +1.65 +0.08 +0.21 +1.39 +1.15 +2.56
M, 8.03 23.63 84.96@ 2.25* 5.82* 114.60 114.69@ 144.40@
+0.29 +0.29 +1.33 +0.08 +0.19 +2.09 +0.42 +042
35kR M, 7.25 24.47 103.35 2.15 5.35 111.50 115.75 146.25
+0.30 +0.53 +1.90 +0.04 +0.15 +0.90 +0.48 +0.87
M, 7.27 25.23* 103.42 1.98@ 5.63* 109.31*  112.47¢@ 143.24@
+0.29 +0.19 +0.80 +0.07 +0.17 +191 +0.46 +0.51
M, 9.08* 23.80 86.082 2.23* 6.14* 115.14®  113.74@ 143.60©
+0.39 +0.21 +1.04 +0.07 +0.17 +0.80 +0.34 +031

* Significant +ve shift in mean @ Significant —ve shift in mean
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Table2. Estimatesof parameter sof variability for variouspolygenictraitsin M, and M, gener ation under different dosesin

T-23
Traits EMS Gamma-rays
0.8% 1.0% 1.2% 25kR 30kR 35kR
MZ M3 MZ M3 MZ M3 MZ M3 MZ M3 MZ M3
Grain yield PCV (%) 3252 39.74 36.62 42.07 2863 3258 2413 2497 2871 26.82 2611 2861
plant™ (g) GCV (%) 29.91 3887 32.74 42.20 2717 3092 2292 2403 2610 2818 22.03 26.31
H (%) 90.03 95.70 79.91 91.62 90.05 90.07 9024 9262 8264 8814 71.22 8459
GA (%) 4273 5434 3344 5184 39.76 2520 46.62 57.98 29.07 59.10 3456 35.97
Panicle PCV (%) 7.10 6.97 12.20 8.37 970 7.65 8.80 8.23 10.10 941 11.38 9.28
length (cm) GCV (%) 6.70 6.54 11.94 7.98 890 6.58 7.70 7.07 997 9.29 11.07 8.85
H (%) 89.19 88.20 95.85 90.88 84.31 73.78 76.79 7380 9753 9726 94.66 90.99
GA (%) 1152 1102 16.40 14.11 12.67 11.99 8.41 7.89 18.29 1244 1280 9.76
Number of PCV (%) 27.03 21.18 30.65 2591 2752 23.36 21.32 1926 2643 2462 2760 2187
grainspanicle! GCV (%) 26.20 19.86 30.10 25.08 26.27 2213 2097 1886 2441 2238 2720 2154
H (%) 9394 87.89 96.47 93.64 91.10 89.74 96.75 9585 8535 6260 97.26 96.96
GA (%) 29.94 23.93 3248 32.15 29.90 28.81 3586 2534 3754 2514 30.31 29.50
100-grain PCV (%) 17.03 1857 1743 22.34 12.73 16.96 1257 1685 13.85 16.28 15.08 19.24
weight (g) GCV (%) 1564 1744 16.58 21.41 1143 15.71 11.80 16.05 11.06 14.16 13.01 17.21
H (%) 84.37 88.23 90.50 91.84 80.67 85.81 88.03 90.74 70.16 75.67 74.38 80.02
GA (%) 16.90 19.86 18,51 18.64 20.11 21.88 2565 2113 20.75 23.01 1494 18.32
Effective PCV (%) 21.78 22.52 21.79 24.33 20.63 21.82 1750 1961 1945 3321 26.34 26.83
tillers plant? GCV (%) 1958 20.70 2052 24.12 19.75 20.85 16.67 1896 19.05 3292 1940 20.34
H (%) 8085 85.07 97.44 98.28 91.32 91.67 90.70 9395 9586 9824 5251 59.61
GA (%) 28.18 27.77 36.93 35.22 30.76 31.35 2469 3426 33.08 3833 19.65 19.73
Plant PCV (%) 746 6.30 837 266 7.08 6.77 6.93 476 760 5.98 728 6.05
height (cm) GCV (%) 693 560 817 194 6.92 6.61 6.74 450 710 535 6.34 5.00
H (%) 86.20 79.33 9531 5292 9564 9514 94.67 89.17 87.23 80.07 75.08 68.28
GA (%) 833 7.03 9.06 814 951 751 10.17 834 9.39 846 803 7.10
Daysto50% PCV (%) 381 3.80 368 332 3.22 3.08 376 3.02 359 3.04 478 311
flowering GCV (%) 370 3.68 312 266 311 296 367 290 344 290 454 272
H (%) 92.98 92.70 71.65 64.15 90.05 9255 9480 9220 9190 89.32 8943 76.72
GA (%) 533 414 324 315 6.00 392 518 495 4.02 2.60 437 353
Days to PCV (%) 348 290 296 245 259 255 283 194 259 260 337 298
maturity GCV (%) 312 240 270 213 241 240 257 152 246 159 247 190
H (%) 80.35 72.10 8340 7350 88.61 88.17 8244 6181 6554 5251 53.62 4055
GA (%) 3.04 213 322 226 360 352 378 262 293 260 199 157

plant™*inthe M, generation, indicating both the mutagens
had drastic effect, which, however, persisted only in
the M, generation. The recovery of the damage for
thistraitin M, could beattributed to the selection applied
when the normal looking plantsin M, were taken to
raise the M, generation. This could have led to the
elimination of the plants carrying gross chromosomal
abnormalities. Scossiroli et al. (1966) also found such
an increase in the mean of the quantitative characters
inirradiated populations of Triticum asaconsequence
of elimination of “bad” genes. The mean values of
panicle length were comparable to control in M,
generation, whereasthese were significantly highinal

the treatments of both the mutagens in the M,
generation. The mean values for number of grains
panicle® in the EMS treated populations were
significantly lower in both the generation except under
1.0% EMS dose, where it was significantly high as
compared to control in M, generation. Unlike EMS, in
the gammairradiated populations, the mean values of
thistrait were either comparableor significantly lower
to the control in the M, and M, generations. However,
the decrease was more in M, generation as compared
to M, generation. Inthe M, generation, the mean values
for plant height in EM Streated popul ationsdid not differ
significantly formthe control except under 0.8% where
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thesewere significantly lower to the control. The mean
values of thistrait in the gammairradiated population
weresignificantly lower under 25 kR and 35 kRin M,
generation, comparable to control under 30kR in M,
and 25 KRinthe M and significantly high under 30kR
and 35 KR in M, generation. The estimates of various
genetic parametersfor panicle length, number of grain
panicle®and plant height in treated populations were
higher in the M, generation than corresponding
treatment in the M ,generation (Table2). Both gamma-
rays and EMS treatments were found effective in
shortening the vegetative stage in the M, and M,
generations. This might be due to the heritable nature
of the early flowering mutants induced in the M,
generation. Since, variety under study was late in
flowering and maturity, induced variability inadirection
opposite to previous selection history isinevitable as
suggested by Brock (1965). The daysto flowering and
maturity for al the treatments of both the mutagens
decreased significantly over the control in M and M,
generations. Both the mutagens were effective in
inducing variability in both the generations. The
parameters such as PCV, GCV, H and GA for days to
flowering and days to maturity were almost of the same
magnitude in the M, and M, generations for both
mutagensin all the treatments (Table2). The estimates
of PCV, GCV, H and GA were high for grain yield
plant™ number of grains panicle? and effectivetillers
plantin different treatments of both the mutagensin
the M, and M, generations. High GCV for grainyield
plant-! , number of grains panicleand effectivetillers
plant™in rice through induced mutagenesis has also
been reported earlier by Kaul et al. (1981), Guptaand
Sharma (1994) and Mehtre et al .(1996).

Formtheforegoing results, it was observed that
different quantitativetraitsresponded differently inthe
manifestation of variability in different generations. The
magnitude of theinduced variability however, depended
upon the mutagens and their treatments. When
comparing both the mutagens, gamma- rayswerefound
to be less effective in generating polygenic variation.
Gaul (1967) and Joshi and Frey (1967) also reported
that chemical mutagens were more effective than
physical mutagen in generating polygenic variationfor
morphological traits. The doses of gamma rays were
foundto have linear rel ationship with the magnitude of
PCV and GCV, whereas, in EMS treatments these
estimates were maximumin 1.0% EMS dose.
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Based upon the results obtained, two groups
of characters could beidentified. Firstly, the characters
like panicle length, number of grains panicle?, plant
height, daysto flowering and days to maturity, where
the maximum variability was induced in M, and there
was on further increase in the variability in the M,
generation. In second category of characters, such as
grainyied plant 2, 100- grainweight and effectivetillers
plant™ substantial variability wasgeneratedin M, which
was further enhanced wherever the material was
advanced to M, generation. Among the mgjor factors
contributing to the release of additional variationinthe
advance generation is the increased frequency of
genetic recombination subsequent to mutational events
aswell as higher frequency of crossing over at unusual
places e.g. near the centromere (Whittinghill, 1951;
Lawrence 1961), background of the genotype and
duplicate or multiplicateinheritance of the characters
(Swaminathan, 1965).

In mutation breeding an important question
arises, whether the selection of micromutations should
be started in the M, or later generations? Although
several experiments have been conducted in the past
with the aim of inducing micromutations, few studies
seem to have been undertaken to assess the extent of
induced variability following treatment of plants in
different generations. Palenzona (1966), while studying
progress of selection for quantitative traits in wheat
concluded that selection started in M, was more
effectivethat if started inthe M, generation. Scossiroli
(1968), on the other hand did not observe large
differences when the selection was started in the M,
or M, generations. Selection for quantitative traitsin
the M to M, generation wasfound to be more efficient
than M, generation (Janaand Roy, 1973; Yonejawa et
al., 1973; Yongjawa, 1979). Yongjawa and Yamgata
(1975) further observed that the efficiency of mutation
breeding could be in some cases increased greatly by
application of delayed sel ection methods. In the present
investigation, an attempt was made to examine the
appropriate generation for selection. The studies
revealed that different quantitative traits responded
differently inthe manifestation of variability in different
generations. The selection for aparticular trait should
be carried out in a particular generation when the
highest degree of induced genetic varianceisgenerated
and mean is stabilized in favourable direction.
Accordingly, inthe present material selection for panicle



length, number of grains panicle?, plant height, daysto
flowering and days to maturity should be startedinM,,
whereas for grain yield plant?, 100 grain weight and
effectivetillersplant* in the M, generation.
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