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SUMMARY

were found important trait.

Thirty genotypes of chickpea (Cicer arietinumL.) including two standard checks were laid out in randomized block design
with three replications in both rainfed and irrigated situations separately, during winter 2001. Selection indices based on
discriminent function was used to determine the phenotypic worth of different component characters. The selection indices
clearly indicated that selection criterion for higher seed yield under rainfed and irrigated condition may be similar. Higher
number of pods per plant had shown the highest rel ative efficiency over straight selection for seed yield. For higher selection
efficiency acharacter combination of pods per plant, seed yield per plant and daysto flowering/daysto maturity had considerable
genetic gain over straight selection. Daysto 50 per cent flowering under rainfed and days to maturity under irrigated condition

Key words: Selection indices, Chickpea, Relative efficiency, Genetic advance

hickpea (Cicer arietinum L.) is a native of Indian

subcontinent and Central Asia. On global basisitis
the third important pul se crop with an areaof 9.5 million
hectare with production of 8.5 million tonnes and its
productivity 700 kg ha! (Kharakwal, 2002). India has a
distinction of being world’s largest producer of chickpea
and contributes 67 per cent in area and 70 per cent of
corresponding production. Amaizongly, itsproductivity is
only 806 kg ha* (Ali and Kumar, 2001). Thereason being
it is cultivated under biotic and abiotic stresses, notably
more than 80 per cent the crop is grown under rainfed
conditions. In Chhattisgarh state cultivation of chickpea
islimited. Chickpeagenotypesgenerally show differential
response to stress and non-stress conditions. Moisture
stress constitutes the major production constraint in
stabilizing the chickpeaproduction. Hence, itisimperative
to initiate systematic breeding programme to develop
varieties suitable for rainfed and irrigated condition
separately in Chhattisgarh. In view of the above, the
present study was an attempt to devel op suitable selection
indices based on component approach for maximization
of seedyield.

MATERIALS AND METHODS
Theexperimental material comprised of 30 genotypes
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including annigeri-1 and 1CC-4958 as standard checks.
The experiment was laid out in a randomized complete
block design with threereplications under two conditions
viz.,., rainfed (stress) and irrigated (non-stress) separately.
Each genotype was planted in two rows of four meter
long and 30 cm apart. A light irrigation was applied to
both experimentsto ensure uniform seed germination and
better establishment of seedlings. An additional irrigation
was applied at 40 days after sowing to one set of
experiment called as irrigated (non-stress). Other
agronomical practiceswereadopted uniformly in both sets
of experiment. Observations on plant and seed characters
were recorded on five competitive plants randomly
selected at appropriate stage. The characters observed
were: daysto 50 per cent flowering, plant height, primary
branches plant, secondary branches plant, pod bearing
length, daysto maturity, pods plant?, seedspod?, biological
yield plant?, seed yield plant? and 100 seed weight. The
selection indices were constructed by solving the
eguations suggested by Robinson et al. (1951).

The indices were developed individually for each
component character as well as yield plant?, in
combination with two or more characters along with seed
yield plant™. The expected genetic advance of these
indices was expressed as per cent of genetic advance
obtained from the sel ection of yield only.

RESULTS AND DISCUSSION

Seed yield isacomplex entity associated with many
contributing traits, which are interrelated among
themselves. The interdependency of contributing traits
affects the selection criteria. Selection indices based on

® HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE ®



rainfed situation

SHUDHANSHU PANDEY, DEVENDRA PAYASI, S.K. NAIR anp R.L. PANDEY

Expected Expected
No,  Funtion Bi values e o Sraght
selection

1 byx; 0.93 7.99 4331
2. box, 0.67 5.22 28.29
3. bax, 0.42 0.49 2.66
4, byx4 0.12 0.30 1.63
5. bsxs 0.70 3.37 18.27
6. bexs 0.88 7.61 41.25
7. b.x7 0.97 31.40 170.19
8. bgxg 0.94 0.47 2.55
9. bgxg 0.99 13.44 72.80
10.  byoXqo 0.94 5.42 100
11, b+t by 0.98, 0.95 32.19 174.47
12, b+ box, 0.97, 0.64 31.80 172.36
13, b+ baxs 0.97,0.11 31.33 169.81
14, b+ bgxy 0.98,-0.05 31.60 171.27
15, b+ bexs 0.97,0.68 31.24 169.32
16, byXo+ beXe 0.97,0.88 31.49 170.68
17. b+ bgxg 0.98,0.79 31.45 170.46
18. b+ bgxg 0.97,0.98 29.86 161.84
19.  byxs+ byoXgo 0.99,0.83 34.88 189.05
20.  byxs+ bygXagthixg 0.99,0.89,0.96 35.61 193.01
21, byXgt bygXggtox, 0.98,0.91,0.65 35.47 192.25
22, byt bygxgothsxs 0.98,0.88,0.27 34.86 188.94
23, bXs+ bygXioHoXs 0.98,1.01,-0.18 35.27 191.16
24. byt bygXqotsxs 0.98,0.92,0.71 34.87 188.99
25. byt bigXagthexs 0.98,0.85,0.89 34.95 189.43
26.  byXs+ bgXggtexg 0.99,0.83,0.50 34.93 189.32
27.  bXs+ byXygtbeXg 1.02,0.67,1.07 34.47 186.83
28. byt bygXggtbixg + boX, 0.98,0.93,1.01,0.64 36.47 197.67
29.  byXy+ bygXggtbixg + bsXa 0.98,0.89,0.95,0.44 35.56 192.74
30. byt bygXagthixy + bgxy 0.98,0.99,0.98,0.05 36.01 195.17
31, byt bygXigtbixg + bsXs 0.97,0.95,0.98,0.67 35.76 193.82
32, byXy+ bygXggtbixg + bgXe 0.98,0.88,1.08,0.80 37.07 200.92
33. byt bygXggtbixg + bgXs 0.99,0.85,0.95,0.32 35.62 193.06
34. byt bygXigtbiXg + bgXg 1.02,0.68,0.94,1.08 35.79 193.98
35. byt bygXagt biXg + bexg + boXo 0.97,0.96,1.12,0.81,0.65 38.13 206.66
36. byt bygXagt byXy + beXg + baXa 0.97,0.93,1.09,0.78,0.27 36.99 200.49
37.  byXs+ bygXag+ byXy + beXg + baXy 0.98,0.99,1.10,0.81,0.15 3751 203.30
38. byt bygXagt byXy + beXe + bsXs 0.97,0.97,1.08,0.82,0.68 37.38 202.60
39.  byXs+ bygXagt byXy + beXg + beXs 0.98,0.87,1.06,0.80,0.18 37.06 200.87
40.  byxz+ bygXgot bixg + bgXg + bgXg 0.99,0.78,1.06,0.81,1.04 37.60 203.79
41, byXg+ bygkggt byxy + bgXg + boxo +haXa 0.97,0.97,1.13,0.80,0.66,0.90 38.10 206.50
42, bxXo+ bigXagt biXq + beXe + boXo +hiX, 0.97,1.10,1.14,0.82,0.63,0.32 38.55 208.94

Table 1 contd...
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43 b7X7+ DigX10+ byXy + DgXe + X, +hsXs

4. byt DioXagt DXy + DX + DoXo +0gXg

45, byXgt DioXagt DXy + DX + DXo +0gXg

46. byt bioXagt DXy + DX + DXo +DgXg+haX3

47, byXgt DioXagt DiXg + DeXe + DaXo +DgXg +04X4

48 byXy+ bioXagt Dixg + DX + DoXo +DgXg +05Xs

49.  byxzt bigXyot biXg + DeXe + boXo +ogXg +0gXg

50.  byxz+ bygXiot DXy + DeXe + DyXo +HogXg +hsXs +0X3

51 byxy+ byXsot DXy + DeXe + DyXo HogXg +hsXs +04%4

52, bpXz+ bioXag+ biXy + DX + DoXo +0gXg +05Xs5 +0gXg

53.  byxy+ bygXagt DiXg + beXe + DyXo HogXg +hsXs +04X4 + Daxa
54 b7X7+ DigXag+ DXy + DX + ByXo +gXg +DsXs +04X 4 + DgXg
55, byXz+ DigXag+ DXy + DX + DyXo +DgXg +0sX5 +hX 4 +

bsXatbgXg

0.97,1.00,1.11,0.83,0.60,0.92 38.90 210.84
0.98,0.94,1.09,0.82,0.64,-0.73 38.10 206.50
0.99,0.84,1.10,0.82,0.67,1.05 38.97 211.22
0.99,0.85,1.10,0.81,0.67,1.05, 0.81 39.07 211.76
0.99,0.95,1.11,0.83,0.64,1.07, -0.30 39.56 214.42
0.99,0.86,1.08,0.84,0.64,1.06, 0.86 40.27 218.26
0.94,1.18,1.11,0.79,0.64,0.88, -2.19 38.85 210.57
0.99,0.89,1.09,0.83,0.64,1.05, 0.86,1.02 4041 219.02
0.99,0.98,1.09,0.86,0.59,1.07, 0.94-0.30 40.86 221.46
0.92,1.29,1.10,0.80,0.60,0.85, 0.90,-2.91 40.14 217.56
0.99,1.02,1.10,0.85,1.06,0.93, -0.10,1.12 40.01 222.27
0.97,1.13,1.09,0.84,0.57,0.99, 0.95,- 40.72 220.70
0.001,-0.44

0.96,1.16,1.11,0.83,0.57,0.99, 0.95,- 40.86 221.46
0.07,1.04,-0.39

X, = Daysto 50 % flowering, X, = Plant height (cm), X 3= Primary branches plant™, X ,= Secondary branches,Xs = Pod bearing length(cm)

X = Days to maturity, X, = Pods plant™, X = Seeds pod™, X, = 100 seed weight, X, = Seed yield plant™

discriminant function is one of the most sophisticated and
efficient technique for plant breeders for selection of
suitable plant type based on phenotypic worth of different
component characters. Selection indices of different
character combinations without yield were constructed
to identify characters, which will be helpful in selection
programme. Selectionindiceswere constructed separately
for stress and non-stress conditions to determine the
selection criterion for such situation. The results are
summarizedin Table 1 and 2.

Rainfed condition: The expected genetic gain in
straight selection for seed yield was merely 5.42 per cent
(RE 100%) while, expected genetic gain was highest for
number of pods plant?! 31.40 per cent (RE 170.19)
indicating that higher number of effective pods plant® was
the most important component for obtaining high genetic
gain for seed yield plant?. Other important traits were
seed mass (13.44%) and days to 50 per cent flowering
(7.99%). The Relative Efficiency over straight selection
ranged up to 222.27 per cent when nine characters viz.,
pods plant?, seed yield plant?, days to 50 per cent
flowering, days to maturity, plant height, hundred seed
weight, pod bearing length, primary and secondary
branches plant* were included in adiscriminate function.
Two character combination-involving pods plant™® and seed
yield plant showed maximum gain (RE-189.05%) over
straight selection for seed yield. The pods plant? when
considered individually was found most potent character
(RE-170.19%) inits power of discrimination. Hence, this
trait should be given top priority in an effective selection
scheme.

[Internat. J. Plant Sci., July, 2010, 5 (2)]

The combination of threefactors namely pods plant
1 seed yield plant® and days to 50 per cent flowering
gavethe maximum rel ative efficiency (193.01%) followed
by pods plant?, seed yield plant*and plant height
(192.25%) and pods plant?, seed yield plant? and
secondary branches (191.16%) over straight selection.
Theselectionindicesinvolving four characters pods plant
1, seed yield plant?, days to 50 per cent flowering and
maturity resulted RE up to 200.92 per cent. Another
effective indices were combination of pods plant?, seed
yield plant?, daysto 50 per cent flowering and plant height
with RE of 197.67 per cent.

The indices based on five characters combination
involving pods plant?, seed yield plant?, days to 50 per
cent flowering, days to maturity and plant height was
considered an effective discriminate than any other
combination having rel ative efficiency of 206.66 per cent
and genetic gain of 38.13 per cent. The selectionindices
based on six characters combination of pods plant?, seed
yield plant?, days to 50 per cent flowering, days to
maturity, plant height and hundred seed weight gave the
highest relative efficiency (211.22%) over straight
selection. Selection indices based on seven characters
gave maximum relative efficiency (218.26%) for pods
plant?®, seedyield plant?, daysto 50 % flowering, plant
height, hundred seed weight and pod bearing length.
Selection indices based on eight characters gave highest
relative efficiency (221.46%) for pods plant?, seedyield
plant?, daysto 50 per cent flowering, maturity, plant height,
hundred seed weight, pod bearing length and secondary
branches plant™.
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Table 2 : Discriminate function for seed yield and their expected genetic gain (%) over straight selection in chickpea under

irrigated situation

Expected Expected
ﬁr(.). Function Bi Vaues a%e\?z;ertllcce ga ;r(;/iog]rgver
selection
1. by 0.96 8.45 33.38
2. bx 0.59 7.83 30.93
3. bexs 0.31 0.30 1.19
4. bgXy 0.46 177 6.99
5. bsxs 0.31 1.96 7.74
6.  DbeXs 0.91 8.10 31.99
7. bx 0.80 23.73 93.73
8. bgXg 0.98 0.61 241
9. bgXe 0.99 14.23 56.21
10.  byeXgo 0.75 3.95 100
11, b+ by 0.80,0.95 24.88 98.28
12, b+ box, 0.81,0.60 25.60 101.12
13, byt baxs 0.77,-3.33 23.46 92.67
14, byt bgxy 0.76,-0.66 22.72 89.74
15.  bpXs+ bsxs 0.81,0.24 24.90 98.36
16.  byxs+ beXg 0.80,1.02 26.29 103.84
17.  byxs+ bgXg 0.80,1.87 24.05 94.99
18.  byx+ bgXe 0.77,0.82 2151 84.96
19.  byxs+ by 0.83,0.30 25.13 99.26
20. byt by Xggtbixg 0.79,0.83,0.86 26.82 105.94
21, byXs+ bygXggthox, 0.82,0.64,0.62 28.20 111.39
22, byt bygXotbsxs 0.78,0.34,-4.12 23.32 92.11
23. byt bygxggtbaxy 0.75,0.43,-0.34 20.98 82.87
24.  byXs+ bygXggtbsxs 0.82,0.27,0.29 22.73 89.78
25. byt bygXqotbeXs 0.79,0.82,0.96 28.40 112.18
26.  byXy+ bygXgotbeXs 0.80,0.41,-0.53 22.93 90.57
27.  byXy+ bygXgotboXe 0.80,0.31,0.94 22.30 88.10
28. byt bygxgotbexs + bixy 0.77,1.26,1.15,0.64 30.90 122.10
29.  byXs+ bygXggthexs + box, 0.80,1.12,1.00,0.62 31.27 123.52
30. byt bygxgotbexs + baxs 0.77,0.80,0.95,-4.20 28.10 111.00
31, byXy+ bigXggtheXs + baXs 0.74,0.90,0.91,-0.45 26.40 104.28
32, bpXs+ bygXgotheXs + bexs 0.80,0.69,0.99,0.49 28.42 112.26
33. byt bygXgotbexs + bgxg 0.81,0.51,1.01,2.86 28.14 111.15
34. byt bygXgotheXs + bgXg 0.77,0.80,0.99,0.85 27.01 106.70
35.  byXs+ bigXygt bgXe + 0oxo + byXy 0.77,1.57,1.78,0.64,0.66 32.89 129.92
36. byt bygXgot beXe + box, + baxs 0.76,1.07,1.00,0.56,-7.21 30.85 121.86
37.  byXy+ bygXgot+ beXe + boxa + bgxy 0.73,1.32,0.93,0.53,-1.15 29.67 117.20
38.  byXy+ bygXgot bexe + box, + bexs 0.80,0.93,1.05,0.63,0.79 32.90 129.96
39.  byXy+ byoXgot DeXet+ boXo + bgXg 0.83,0.66,1.08,0.67,4.56 31.40 124.03
40.  byxs+ byoXgo+ bexg + DX, + boXg 0.77,1.11,1.03,0.66,0.86 31.00 122.45
41.  byXy+ bygXag+ bexg + bpx, + bsxs +byxg 0.78,1.34,1.22,0.64,0.95,0.68 35.35 139.63
42, byxg+ bygXigt bexe + boXo + bexs +haxa 0.77,0.87,1.05,0.57,0.86,-7.33 32.50 128.38
Table 2 contd..
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Table 2 contd...

43 byXg+ bigao* DeXe+ DaXo + bsxs +haxs 0.74,1.13,0.97,0.57,0.69,-0.98 30.90 122.06
44, bXs+ bigXaot DeXe+ DaXo + bexs +heXg 0.82,0.69,1.08,0.66,0.76,2.33 3271 129.20
45, bXs+ bigXaot DeXe+ DaXo + bsxs +hoxo 0.79,0.90,1.07,0.66,0.80,0.92 3201 129.99
46.  bXs+ bigXiot DeXe+ DX, + bexs +bixo+baxs 0.73,1.24,1.37,0.58,1.04,0.47, -850 34.93 137.97
47, byXz+ bygXag+ bgXe + boXo + bsxs +hxi+baX, 0.71,1.59,1.05,0.56,0.84,0.80, -1.13 34.22 135.17
48, bXg+ bigagt DeXe+ DX + bsxs +hyxq +hgxg 0.82,0.78,1.24,0.71,0.93,0.79, 5.87 35.59 140.58
49.  byXs+ bigXagt DeXe+ DX + bsxs +hyxq +bgXe 0.75,1.35,1.20,0.68,0.96,0.76, 0.83 35.77 141.29
50.  byXs+ DigXao+ DeXs+ DoXo + bexs +bixo+boxo +baxs  0.70,1.24,1.36,0.62,1.05,0.55, 0.83,-8.54 35.35 139.63
51 byXs+ DX+ BeXs + DoXo + bexs +bixi+boxe + bxs  0.70,1.56,1.06,0.58,0.85,0.82, 0.94,-1.10 35.05 138.45
52, byXs+ DigXao+ beXe + DoXo+ bexs +bixi+boxe +hexs  0.82,0.72,1.26,0.71,0.94,0.77, 1.03,5.87 35.91 141.84
53. E7X7+ ioXao* beXe + DXz + beXs +bixyhoxs hoxs + 0.76,0.74,1.40,0.65,1.03,0.57, 0.99,4.71,-8.22 35.50 140.23
3X3
54. EZZ+ PioXio* PoXo b2 DXs HotboXo 09 77.0041.11,061083,084, 115597118 3502 138.33
g5 D77 DuoXiok bexs + DXa + boxs +hixytboxs +hexs +  0.74,081,1.30,0.58,097,064, 1.054.11.- 2460 667
baxs+hax, 6.90,-0.12

X, = Daysto 50 % flowering, X, = Plant height (cm), X3 = Primary branches plant™, X ;= Secondary branches,Xs = Pod bearing length(cm)
Xe = Days to maturity, X, = Pods plant™®, X s = Seeds pod?, Xo= 100 seed weight, X o= Seed yield plant?

Maximum gain (40.01%) with highest RE of
222.27% over straight sel ection was obtained from nine
characters combination involving pods plant?, seed yield
plant?, days to 50 per cent flowering, days to maturity,
plant height, hundred seed weight, pod bearing length,
secondary and primary branches plant?. Undoubtedly, this
character combination had shown maximum relative
efficiency but there was no additional genetic gain for
seed yield. It is a concluded from the present findings
that expected genetic gain over straight selection for seed
yield may upto 37.07 per cent withthe rel ative efficiency
of 200.92 per cent in four character combination of pods
plant?, seed yield plant?, days to 50 per cent flowering
and days to maturity. It is further revealed that number
of effective pods alone has 31.04 per cent genetic gain
over straight selection for seed yield and combination of
these two characters as shown genetic gain of 34.88 per
cent. Thisresult further reveal ed that there was no much
gain by involving more characterscombinationin selection
indices. The best combination may be of podsplant! with
seed yield plant? or pods plant?, seed yield plant?, days
50 to per cent flowering and days to maturity. It iswell
established that involving more characters will create
complication in selection of desirable superior plants
hence, most potential characters like higher number of
effective pods, high seed mass, with early flowering and
maturity should be considered in an effective selection
scheme for betterment of seed yield in chickpea under
rainfed situation whichismore prevalent in India.

[Internat. J. Plant Sci., July, 2010, 5 (2)]

Irrigated condition:

Determination of yield components revealed that
pods plant? had the higher relative efficiency (93.73%)
with genetic gain of 23.73 per cent. In two characters
combination the highest rel ative efficiency (103.84%) was
obtained for pods plant! and days to maturity. The
combination of three characters, gavethe highest relative
efficiency of 112.18 per cent for pods plant?, seed yield
plant® and daysto maturity. The selectionindicesinvolving
four characters gave higher relative efficiency (123.52%)
for pods plant?, seed yield plant?, days to maturity and
plant height. In five characters combination the highest
relative efficiency (129.96%) was for pods plant?, seed
yield plant?, daysto maturity, plant height and pod bearing
length.

The selection indices based on six characters gave
the highest relative efficiency (139.63%) for pods plant
1, seed yield plant?, days to maturity, plant height, pod
bearing length and daysto 50 per cent flowering. Selection
indicesbased on seven characters gave maximumrelative
efficiency of 141.29 per cent for pods plant?, seed yield
plant?, daysto maturity, plant height, pod bearing length,
daysto 50 per cent flowering and hundred seed weight.
Selection indices based on eight characters gave the
highest relative efficiency (141.84%) for pods plant?,
seed yield plant?, days to maturity, plant height, pod
bearing length, hundred seed weight and seeds pod-.
Resultsfurther reveal ed that involving higher number of
characters under irrigated condition was not found
effective and there was no further gain for seed yield.
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The most effective indices may include
The present findings clearly revealed that
construction of selectionindicesinvolving morethan one
trait possessed greater efficiency as compare to straight
selection of seed yield. Theresults further indicated the
similar selection indiceswould be considered for rainfed
aswell asirrigated chickpea. It was also observed that
relative efficiency and genetic gain were comparatively
low in irrigated condition. This clearly indicates that
application of water may be helpful for developmental
characters hence, attention should be given on attributes
directly contributing seed yield and arehel pful inincreasing
the harvest index under irrigated condition. For better
genetic gain at the most three to four characters may be
considered while exercising selection for high seed yield.
A. Threecharactersincombination GA RE
RF. Pods per plant, seed yield
and daysto 50% flowering 35.61 193.01
I. Podsper plant, seed yield

maturity, plant height and
hundred seed weight
I.  Podsper plant, seed yield,
daysto maturity, plant
height, pod bearing length
and flowering 35.35 139.63
Theresultsclearly showed that selectionindicesfor
more than one trait possessed greater efficiency as
compared to straight selection for seed yield. Samal and
Jagadev (1996) had also observed that the efficiency of
indicesincreased with increasing number of characters.
The mean predicted genetic advance and efficiency of
groups of indices indicated that for constructing a
selection index to select high yielding genotypes, yield
should be indicated first followed by characters having
higher heritability and genotypic correlation values.
Gumber et al. (2000) had also indicated that acombination
of four charactersinvolving secondary branches per plant,
harvest index, pods plant?* and seed yield planttin function

and daysto maturity 2840 11218  gavethe highest genetic gain in chickpea. It istrue that

B. Four charactersin combination inclusion of more number of component characters may

RF. Pods per plant, seed yield, create complication while exercising selection for higher

daysto 50% flowering 37.07 200.92  seed yield. Pandey et al. (2003) had also emphasized

and maturity that for maximization of seed yield under rainfed and

I.  Podsper plant, seedyield, irrigated conditions the higher selection efficiency was

daystomaturity andplant 31.27 12352  obtained for pods plant?, seed yield plant?, secondary

height branches plant?, seeds pod?, harvest index. In addition

C. Six charactersin combination to thisdaysto 50 per cent flowering and daysto maturity

RF. Pods per plant, seed yield, were found to be important under rainfed and irrigated
daystoflowering, daysto 38.97 211.22  conditions, respectively.
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