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Abstract:

The success of a mutation breeding programme depends not only on the equality of induced mutation,
but also on the screening techniques to identify these mutations, which occur with a very low
frequency among a large number of others of little breeding value. An attempt has been made here to
develop standard screening techniques for macro mutations affecting the polygenic system. In
general, selection for gquantitative traits, such as yield, should be preferably carried out in early
generations because most of the desired combinations of favorable alleles are likely to be lost in
advanced generations due to intensive or even no selection for other traits (Sneepe, 1977).The data on
induced variability (CV%) for different polygenic characters. The estimates of coefficient of variance
had maximum values for all the characters and treatments compare to their control except days to 50
per cent flowering and plant height treated by EMS and combination of gamma rays + EMS in
M,generation. On the other hand, in Msgeneration, the estimates of coefficient of variance showed
highest for all the characters compare to their control. The estimates of coefficient of variance (%)
have higher for all the characters and mutagens treated population except days to maturity for all
mutagens and 100-seed weight for gamma rays and EMS in M, generation. However, in
Msgeneration also estimates of coefficient of variance showed higher most of the characters for all the
treatments over their control except plant height, seeds per pod and 100-seedweight.
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Introduction:

Grain legumes occupy a unique position in world agriculture by virtue of their high protein
content and capacity to fix atmospheric nitrogen. For developing countries like India, pulses constitute
the major source of dietary proteins. In developed countries, grain legumes are also an important
indirect source of protein, being animal feed of high biological value. They contain 20-30 per cent
protein in their seeds, which is 2 to 3 times more than in the cereals. The proteins from pulses are also
nutritionally valuable because of higher lysine content than the cereal proteins. These two groups of
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crops have a complementary relationship in their amino acid composition and their combinedintake
cancompensate, to a great extent, for their mutual amino aciddeficiency. Although, a large area about
21-12 million hectare is under different pulse crops in India, their production has remained practically
stagnant for the last three decades. Theavailable statistics indicate thatthe pulse production has ranged
between 11-15 milliontons of thegrains in different years. The production of pulses reached to its
heights 14.91 million tons during 1998-1999. India contributed 11.31 million tones to the total world
production of 58.6 million tons of pulses(Anonymous, 2003). Since the growth in pulse production
did not keep pace with the increasing population, the per capita availability ofpulseshas progressively
declined. In general, pulses give low yield than cereals (Jain, 1975). This led to the assumption that
pulses may have lower genetic potential for yield than cereals (Boulter, 1973, Swaminathan, 1973).
Chickpea is cultivated globally on about 11.3 million hectares adding8.8 million tons ofgrains
annually to the global food basket with an average productivity of 777 kg/ha .Themajor chickpea
growing countries in order of their significance are India, Turkey, Pakistan, Iran, Australia, Mexico,
Ethiopia, Myanmar, Spain and Bangladesh. India has the distinction of being the largest chickpea
producer and accounts for over 64 and 68 per cent of thetotal area and production in the world. It
grows chickpea on about 7.5 millionhectaresproducing6.1milliontons of grains,whichrepresents33 and
47 per cent of the national pulse area and production.

Mutagen Dose No. of seeds treated Treatment condition
Control 0.00 1003 Dry
Gamma rays 20kR 1003 Dry
30kR 100%3 Dry
40kR 100%3 Dry
50kR 100%3 Dry
60kR 100%3 Dry
EMS 010% 100%3
015% 100%3
020% 1003 Soaking (400ml)
025% 100%3
030% 100%3
Combined 20kR+0.10 100%3
treatment 30kR+0.15 100%3
40kR+0.15 1003 Dry + Soaking (400ml)
50kR+0.15 100%3
60kR+0.15 100%3

Total treatment = 16x3= 48
Total experimental seeds = 48x100=4800

Physical mutagen

The gamma rays obtained from a 2000 curie CO®® gamma cell installed in the Division of NRL,
IARI New Delhi with a dose rate of 2500 radius per minutes was used as physical mutagen. Gamma
rays are electromagnetic type of radiations induce mutations through ionization when a biological
material is irradiated a gamma rays photon hits an orbital electron of the atom. The electron gets
excited and in turn ejected tremendous energy and is capable of causing further ionization along its

Copyright to Agriways Journal
www.agriwaysjournal.com
Page No 9



Agriways ISSN (Print) 2321-8614 & ISSN (Online) 2454-2318
(A Multidisciplinary Peer -Reviewed Refereed Journal)

www.agriwaysjournal.com Vol 10 Issue 02 July-Dec 2022

path. Well dried uniform seeds of each variety size about 10 per cent moisture content were filled in a
seed envelope and exposed to gamma rays irradiations in the gamma cell. Different doses of gamma
rays were used for irradiation of seeds i.e.10, 20,30,40,50, and 60 kR accordingly. Chemical mutagen
Ethyl methane sulphonate (EMS) a potent alkylating agent obtained from Eastman Kodak Chemicals
USA was used as chemical mutagen. It is a most widely used chemical mutagen and is also a
powerful carcinogen. It induces through alkylation of DNA. Well dried selected seeds of uniform size
were presoaked in water for 6 hours and then treated with freshly prepared aqueous solutions of EMS
at 25+ 2°C. To have maximum absorption of solution, the seeds contained in the conical flask were
repeatedly subjected to shaking. Treatments with five different concentrations i.e. 0.10, 0.15, 0.20,
0.25 and 0.30 percent for 4 to 6 hours each were given with intermittent shaking. As soon as treatment
is over, seeds were washed in running tap water for 5-10 minutes to remove traces of chemical from
the seed surface. Thereafter by spreading the seeds on blotting paper excessive water was removed.
The seeds were sown in the field immediately after treatment whereas seeds soaked in tops water for 6
hours were used as control. Combinedmutagen. Seeds irradiated at different doses viz. 20, 30, 40, 50,
and 60kR were treated with 010.0.15, 0.20, 0.25, and 0.30 per cent EMS aqueous solution of ethyl
methane sulphonate for 6 hours by the method described above.

The investigation was carried out from research farm at Monad University and Janta Vaidic
College BarautBaghpat U.P (India) on M; to M; generations. All generations were grown in well
prepared land and data taken very precautionary. Observations were recorded for seven quantitative
characters of economic importance. Only families with normal looking plants were included in micro
mutations. Those families which were showing segregation for macro mutations (chlorophyll and
viable) were treated as a separate class. Ten normal looking plants from eachM,family thatwas not
segregating for macro mutationsand 5-10 normal looking plants from each segregating family for
macro mutations, depending on the availability of plants in a family, were chosen randomly to record
observations on the seven quantitative characters of economic value. As the interfamily variance was
expected to decline in M3 generation the comparison of mean values was considered as the most
important criterion to estimate the effectiveness of M,selection. Therefore, the mean value of each M3
family was compared with the highest mean value recorded in the control was considered as
“promising” to advance.

Results and discussion:

The effect of range, mean, coefficient of variance, heritability and genetic advance for days to 50
per cent flowering in Mj; generation for BGM-524, BG-1053 and KSB-220 are presented in Table
2. The estimates of coefficient of variance showed wide range with the values ranging from 3.49 (30
kR) to 11.75 (50 kR) for KSB-220 and the values for BGM-1053 ranging from 3.86 (0.10% EMS) to
11.26 (0.20% EMS), whereas for BGM-524 the values ranging from 3.52 (60 kR + 0.30% EMS) to
7.22 (20 KR + 0.10% EMS).The estimates of heritability were highest values 78.23% (20 kR)
followed by 75.45% (40 kR), 75.21% (0.30% EMS) and 72.70% (60kR + 0.30% EMS). The
estimates of genetic advance were maximum for 11.81 (20 kR) followed by 8.88 (60 kR) and
8.83 (0.20% EMS).

Plant height

The range, mean, coefficient of variance, heritability and genetic advance for plant height (cm) in
Mzgeneration for BGM-524, BG-1053 andKSB-220 are presented in Table 3.The estimates of
coefficient of variance showed wide range with the valyes ranging from 12.19% (60 kR) to 24.74%
(40 kR) for BG-1053, 9.37 (0.10% EMS) to 36.27(0.10% EMS) for BG-1053 and BGM-524 and 9.85
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(30 kR + 0.15% EMS) to 36.10 (60 kR + 0.30% EMS) for BGM-524 and KSB-
220,respectively.The highest estimates of heritability (87.50%) were found in treatment 50 kR
followed by 86.20% (0.10% EMS) and 80.20% (30 kR + 0.15% EMS). Genetic advance had
highest (12.23) in 0.30% EMS for BG-1053 followed by 10.03 (40 kR) and 9.17 (30 kR) in BGM-
524,

Days to maturity

The estimates of range, mean, coefficient of variance, heritability and genetic advance for plant height
(cm) in Mz generation for BGM- 524, BG-1053 and KSB-220 are presented in Table 4. The estimates
of coefficient of variance showed wide range with the values ranging from 1.62 to 7.06 (30 kR) for
the varieties BG-1053 and KSB-220, 3.70(0.30% EMS) to 11.11 (0.20% EMS) for BGM-524 and
BG-1053,respectively. However, the values ranging from 2.77 (30 kR + 0.15% EMS) to 6.70 (60 kR
+ 0.30% EMS) for BGM-524.The heritability was maximum for 75.10% (60 kR + 0.30% EMS) for
KSB-220 followed by 73.20% (60 kR) for BGM-524 and 72.30 (0.30% EMS) for BG-1053. The
highest estimates of genetic advance (8.00) was observed (0.20% EMS) followed by 7.71 (60 kR +
0.30% EMS)and 6.12 (60 kR) for KSB-220.

Number of pods per plant

The data on range, mean,and coefficient of variance, heritability and genetic advance are presented in
Table 4.24. The estimates of coefficient of variance showed wide range with the values ranging from
6.77 (40 kR) to 53.73 (60 kR) for BG-1053 while, 5.71 (0.25% EMS)to 58.24 (0.10% EMS) for
BGM-524, whereas 6.34 (60 kR + 0.30% EMS) to 60.21 (50 kR + 0.25% EMS) for BG-1053.The
estimates of heritability were maximum (88.22%) in 30 kR followed by 87.36% (40 kR), 85.65%
(0.10% EMS) and 75.56% (20kR + 0.10% EMS) for BGM-524, whereas maximum (33.85%) genetic
advance in 0.10% EMS followed by 32.86 (40 kR) for BGM-524 and 23.44 (50 kR + 0.25% EMS)
for BG-1053.

Number of seeds per pod

The effect of range, mean, and coefficient of variance, heritability and genetic advance for number of
seeds per pod in M3 generation for BGM- 524, BG-1053 and KSB-220 are presented in Table 4.25.
The estimates of coefficient of variance showed wide range with the values ranging from 22.79 (20
kR) to 48.23 (60 kR) for the variety BG-1053, 21.29 (0.25% EMS) for BG-1053 to 56.41 (0.10%
EMS) for BGM-524. Onthe other hand, 24.64 (20 kR + 0.10% EMS) and 62.50 (60 kR + 0.30%
EMS) for BG-1053 and BGM-524, respectively. The estimates of heritability were highest (82.65%)
in 20 kR+ 0.10% EMS) for BG-1053 followed by 68.60% (60 kR) for KSB-220 and 60.26%
(0.10% EMS) for BG-524. The genetic advance had maximum value 10.13% (60 kR) for BGM-524
followed by 9.06 (20 kR+ 0.10% EMS) for BG-1053 and 4.48 (0.10% EMS) for BGM-524.

100-seed weight

The data for range, mean, coefficient of variance, heritability and genetic advance are presented in
Table 4.26. The estimates of coefficient of variance have wide range in the present study with the
values ranging from 19.58 (40 kR) and 56.05 (50 kR) for KSB-220 and BGM-524, respectively.
Whereas, the values 14.57 (0.30% EMS) for BG-1053 to 50.59 (0.25% EMS) for BGM-524, however,
the combined treatment showed 21.03 (30 kR+ 0.15% EMS) for BG-1053 to 46.12 (20 kR + 0.10%
EMS) for BGM-524.
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The estimates of heritability were maximum (90.23%) in 20 kR for BGM-524 followed by
85.69% (40 kR + 0.20% EMS) and 83.20% (0.30% EMS) for BG-1053. Genetic advance had highest
values 10.13 (60 kR) for BGM-524 followed by 9.20 (0.10% EMS) and 8.18 (20 kR+ 0.10% EMYS)
for BG-1053.

Grain yield per plant

The micro mutationsin plant breeding were best utilized in the extensive and pioneering work of
Gregory (1956, 1961, 1965), Gaul (1961, 1965), Scossiroli(1965), Brock (1965b, 1967),
Swaminathan(1969) and Lawrence (1968, 1975e). Gregory (1967) demonstrated that mutations
affectinga quantitative trait of a crop can be induced by

Irradiationand phenotypic selection can accumulate positive mutations to produce better strains.
Gaul (1965) treated seeds of four barley varieties with X-ray and demonstrated that the reduction in
mean yield and increase in genetic variance depend on the dose applied. He further reported that even
though the major part ofinduced genetic variability is in negative direction, a few lines surpassed the
highest yielding control.

The range, mean, coefficient of variance, heritability and genetic advance are presented in Table 4.
The coefficient of variance showed wide range with the values ranging from 10.17 (30 kR) in
BGM- 524 to 78.10 (40 kR) for KSB-220 whereas, 11.83 (0.10% EMS) for BG-1053 to 40.21 (0.10%
EMS) for BGM-524. For combined treatment, the values ranging from 9.28 (40 kR + 0.20% EMS)
for KSB-220 to 32.28 (50 kR + 0.25% EMS) for BG-1053.The estimates of heritability were
maximum (88.56%) in 0.10% EMS for BGM-524 followed by 85.65% (50 kR + 0.25% EMS) for
BGM- 524 and 78.20% (20 kR) for BG-1053. The estimates of genetic advance had maximum values
25.28 (0.10% EMS) for BGM-524 followed by 8.42 (60 kR) for BG-1053 and 8.02 (20 kR + 0.10%
EMS) for KSB-220 inthe present study.Except days to maturity for all mutagens and 100-seed weight
for gamma rays and EMS in M, generation. However, in M; generation also estimates of
coefficient of variance showed higher most of the characters for all the treatments over their control
except plant height, seeds per pod and 100-seed weight.

The estimates on induced variability (CV%) for different polygenic characters in M, and
Msgenerations for KSB-220 and presented in Table 4. The estimates of coefficient of variance
have high most of the characters in M generation for the varietyKSB-220. On the other hand, in M;
generation, coefficient of variance showed highest for all the characters and mutagens compared
to their control except days to 50 per cent flowering.All these indicate wide variation for coefficient
of variance to their control. The gamma rays showed better performance comparison to both EMS and
combined treatments (EMS + gamma rays) in three cultivars.

Table 2. Components of variation, heritability and genetic advance for 100-seed weight (g) in
M3 generation of BGM-524, BG-1053 and KSB-220

Statistical Gammarays(kR) Ethyl methane sulphonate(EMS,%) Combination
(Gama rays kR+EMS, %)
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o . e R R T e ’
parameter Controli20 30 40 50 &0 0.1 0.15 0.2 0.25 0.3 20+0.1 | 30+0.15 | 40+0.2 | 50+0.25 : 60+0.30
Variance

v, 4034 604 12,88 4394 1169 30303382 2196 !91.66 138093 2065 1669 19.86 447 3896 8.20

v, 17.23 119.18 158.91 {30.05 41.61 53.26 12549 2140 (5430 12325 126.256 4700 : 2526 6.86 2715 46.36

v, 1041 714 1498 827 2221 (439 14337793 2197 (3622 1521 1883 1855 3346 2274 5.40
GCV

v, 1868 024 022 (1822 3656 1037 1318 899 (7173 (2861 ;752 0.20 0.20 023 778 736

v, 12.50 017 15.05 4.40 2083 11.34 :014 015 (19.08 500 :(7.60 16.73 5.21 6.42 12.66 14.96

V, 7.88 0.24 681 346 1023 025 3285 023 017 (15098 :058 11.54 5.34 043 10.65 0.589
PCV

v, 41.05 (2289 30.92 36.82 56.40 [26.28 131.74 2328 86.12 4844 2004 2833 2836 21.77 32.04 15.36

v, 11.53 (30.74 (25.25 {20.30 34.04 26.89 :2349 2167 [26.96 {26.66 {26.63 2537 ! 19.55 16.61 21.43 21.25

V, 19.43 12477 2560 (1927 4114 1806 :5628 2359 {2708 (2868 4974 3048 2794 30.36 3018 4472
Heritability

v, 2125 [78.26 65.23 [27.58 {4210 2565 2f.58 2454 {6756 |35.54 |63.21 7856 71.58 50.23 26.58 2223

v, 50.00 (78.36 ;36.54 {2565 37.58 27.58:7556 6820 ;50.23 {40.23 {83.20 4323 @ 2756 2458 35.86 4958

A 26.54 190.23 {73.50 42.30 {35.69 74.20 34.56 ©2.65 {34.56 {30.23 {40.26 126.47 | 24.56 85.69 | 23.50 23.50
Genetic advance

v, 234 812 711 200 690 155 178 126 (863 (350 056 818 8.00 511 072 112

v, 937 1012 429 051 (376 (230 :9.00 713 (538 (334 023 406 0.69 0.7 287 4.93

v, 6.93 7.00 (767 619 ©12 813 654 0915 (612 (597 613 3.14 33 4.05 1.10 342

V1 = BGM-524 (desi) ,

V2 = BG-1053 (kabuli), V3 = KSB-220 (green)

Table 3. Range, population means, variance, SD and CV for grain yield per plant in M3 generation for

BGM-524, BG-1053 and KSB-220

Table 3. Range

. population means, variance, SD and CV for grain yield per plant in M, generation for BGM-524, BG-1053 and KSB-220

Statistical Gamma rays (kR) Ethyl methane sulphonate (EMS %) Combination (Gama rays kR+EMS %)
Parameter Control 20 30 40 50 60 01 015 02 025 03 20+0.1 30+0.15 40+0.2 50+0.25
60+0.30
B el
Range
v, 19.3- 1110-1122- 0 63- | 93 {17.7- [125- {19.0- | 94- [ 121-1211- | 213- | 216- 27.7- 215 [211-
283 VT3 T U5 57455 IFeTAUIT AL M4 430 T e 523 571 1384
v, o 212- 12101 21.3- ) 21.5- 1 21.0- 121.3- 1295- 121.3- 1 21.0- [ 17.0- 1 23.0- | 21.0- | 21.7- 211- 14 1 21.0-
U305 4SS B04 T AT 413499 94 TSR0 540 380630 51 T4 34H 422747y
V,of 142 T110- 1 124- 21.0-112.2- 16.3- 111- 1 93- 1313- 1125-1 94 1211 1213 37.3- 21.0- 11.2-
KA I N A R e o K Iy A R N A e I A O K Y - 571 3BLATD
Mean
v, 0 2403 11991 01710 2171122724226 13347 [25.05119.87 (274413334 13070 | 3160 : 4067 4206 (2714
V2575 12907 33T 3AT9 265313618 {40083 4330 13325 2ATY A3 32T 43402666 294772853
Vo 3TN G226 2T 50 2374271909 2255 29 14592 24726 T 1964 3166 1 3249 T 45335 2598 1400
Variance |
v, | 746 13379] 302 3672;2534:998616127:14.99:3231 76765751 | 38.26 | 3760 31.60 9197 12891
V,UTEAT 3616 68 33 5915 11748 720412333 7321 65066 | 18063 6300 8T 5T 5022 1382 4799 14099
V. 11206 13264 12553 3340 147,04 13920 12003 12667 14671 A VE T 2991 5430 T 32T 1776 2007311907
SD
V. 276 7581174 606 5.03 999 (1346 386 | 560 | 876 | 756 | 6.18 | 5.68 5.62 950 1531
VT AS0 Ve UT 26 7Y T 4181851 1463 8557610 437 780 7535 774D 344 693 1640
V.S TR 05 578 R8s (66 AT 50 683 3BA 5T TR 53 A 458308
cv
v, 0 1153 12918 11017 2791122132363 4021 {1540 2818 | 315512267 | 2013 | 1797 | 1381 2258 [19.56
V. 7482067 24095 2419 15776123752 1183 1974 {2436 17391824 T 28531705 12.90 322812243
Vo150 3T 228 T80 292413279 19782 12298 14 8T 1582 2713 2468 TS 928 17062 2200
m]

V1 =BGM-524 (desi) , V2 = BG-1053 (kabuli), V3 = KSB-220 (green)
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Table4.Componentsof variation, heritability and genetic advance for seed yield per plant (g) in M3
generation of BGM-524, BG-1053 andKSB-220

& Statistical Gammarays (kR) Ethyl methane sulphonate(EMS, %) Combination (Gama rays KR+EMS_ %)
parameter Control:20 30 40 50 60 0.1 0.15 0.2 0.25 0.3 20+0.1 | 30+0.15 | 40+0.2 | 50+0.25 | 60+0.30
Variance

V1 2183 {50.78 i38.82 156.94 115.73 1163.30153.02 {750 2743 [B6.52 2489 [23.75 16.43 7158 | 268.63 26.12
V2 31.23 13392 3740 119.97 {13.31:26.65 1567 :48.89 {37.09 (18.93 102.70 i89.27 ! 38.73 13.61 73.96 33.28
V3 13.43 [28.84 22,47 59.60 |56.58 /53.10 (14.68 17.08 12322 {1197 18.66 [29.93 | 3251 2722 | 26.04 30.50
GCV
V1 9.08 14.30 10.33 {1512 (014 (147.61{36.64 {013 1.72 17.13 4.76 0.10 0.10 10.84 | 21.66 0.1
V2 0.23 011 {754 010 012 [0.09 (0.08 0.07 010 013 1136 1244 | 0.07 0.12 17.43 0.1
V3 5.09 018 16.20 (010 {12.80:1566 013 014 0.0V 013 0.16 0.10 423 5.20 6.31 6.02
PCV :
V1 15.42 12952 |168.22 12718 {24.55:22.08 (38.97 1740 i26.25 |23.70 13.36 {17.10 15.42 14.06 | 23.68 20.26
V2 18.20 20.11 11512 1413 {16.64 12718 10.33 (18.38 [23.64 {17.71 2355 {2293 16.67 14.47 3157 23.92
V3 1411 133.36 {18.90 [79.71 {26.53 131.06 {18.85 :25.01 {1566 {16.54 24.33 [19.97 | 16.49 8.80 17.50 28.73
Heritability |
V1 34.23 2320 122.36 (30.30 {34.58 {43.56 18856 [71.54 2536 :52.56 22.30 4266 : 53.54 59.54 | 85.65 68.20
V2 34.20 [78.20 (2458 151.25 14250 :68.50 6354 4326 49.20 (28.68 23.40 12954 | 3125 4356 | 31.25 39.54
V3 2340 4265 2126 (7458 12358 (2540 130.26 (3567 4530 70.34 38.81 (71.20 | 66.52 3458 {2358 24.58
Genetic advance
V1 257 284 089 374 (398 842 2525:811 015 {700 AT 4N 511 7.00 17.37 71
V2 7.30 812 1250 613 {512 713 700 415 513 200 4.02 454 3.13 4.44 4.25 412
V3 4.88 612 1395 813 1298 1311 433 500 613 (8.00 5.00 8.02 6.73 4.90 222 1.48
o

V1 =BGM-524 (desi) , V2 = BG-1053 (kabuli), V3 = KSB-220 (green)
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