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Abstract- Exploitation of heterosis through the cultivation of hybrid cultivars is one of the landmark achievements of plant breeding. Heterosis |
breeding has been extensively used for improving yield potential in most of the crops through development of hybrids. Hence, an attempt was
made in this study to assess 48 F1 hybrids derived by crossing 3 cytoplasmic male sterile lines with 16 genotypes of pigeonpea to identify the
best heterotic combinations to achieve a quantum jump in yield. The results showed that a wide range of variation in the estimates of het-
erobeltiosis and standard heterosis in positive and negative direction was observed for seed yield per plant as well as remaining ten traits. In
case of seed yield per plant, heterobeltiosis ranged from -84.46% to 25.26% and standard heterosis varied from -84.18% to 22.46%. The
cross NDACMS 1-3A x NDA 1 showed highest mean performance (63.00g) for seed yield per plant and it also exhibit 25.26% and 22.46%
heterobeltiosis and standard heterosis, respectively. The crosses NDACMS 1-3A x NDA 1, NDACMS 1-2A x NDAGC 35, NDACMS 1-6A x
NDA 1, NDACMS 1-2A x NDA 7-14, NDACMS 1-6A x BHUA 8-2 and NDACMS 1-2A x NDA-selection showing high mean performance and
significant heterosis for seed yield per plant and its important components like primary & secondary branches per plant, pods per plant, seeds
per pod, biological yield per plant and harvest index were most promising combinations and need to be tested on large scale for their feasibil-
ity of commercial utilization.
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Introduction ble and viable cytoplasmic genetic male sterility (CGMS) system

Pulses are the important crops which provide high value food and
nutritional security for abolishing starvation of poor people. They
play a vital role in improving soil fertility and conserve natural re-
sources which are essential for sustainable agriculture. Their deep
penetrating root system enables them to do relatively better under
low soil fertility and low moisture conditions. The multiple uses and
roles in sustainable agriculture make pulses a favorite crop of mar-
ginal farmers. Among the various pulses grown, pigeonpea
[Cajanus cajan (L.) Millsp.] is the most important pulse crops of the
semi-arid tropics of the world. It is a rich source of protein, carbohy-
drate, vitamins, lipids and certain minerals. In fact, this crop has
diversified uses such as food, feed, fodder and fuel.

The annual demand for pulses is increasing by 3 per cent [1]. Since
the demand for pigeonpea is ever increasing and area available for
expansion is limited, research now needs to focus on the genetic
enhancement of yield through novel genetic approaches like hybrid
technology. Hybrid provides better opportunity to break the yield
barrier of conventional varieties and have already been successfully
used in rice, maize, pearl millet and sorghum. The success of heter-
osis breeding in any crop mostly depends on the availability of sta-

and the information on various genetic aspects are essential. Pi-
geonpea being often cross pollinated crop (20-70 % out-crossing) in
nature provides an opportunity to breed commercial hybrids [2].

Knowledge of genetic inheritance of yield and related traits plays an
important role in deciding breeding strategies and methodologies
for any crop improvement pogramme. However, unfortunately, rela-
tively less effort has been made to understand the genetics of im-
portant traits in pigeonpea compared to other economically im-
portant crops. Both additive and non-additive gene effects have
been reported in pigeonpea which is crucial in determining yield
[3].The highly sensitive nature towards major abiotic stresses, plei-
otropic effects of genes and physiological changes make it compli-
cated to infer the inheritance of yield and its component traits [4].
Further, fertility restoration in cytoplasmic genetic male sterility
based hybrids is also critical as it governs the viability of hybrid
system.

Pigeonpea has been considered technically suitable for heterosis
breeding due to predominance of non-additive genetic variance for
the traits like grain yield and other important yield components.
Keeping in view, present experiment has been undertaken to identi-
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fy the out yielding effects of hybrids for various agronomic traits and
their possible exploitation for commercial use.

Materials and Methods
Experimental Details

The parental material comprised with 3 CMS lines were crossed
with 16 genotypes in a line x tester mating design in 2010-11. The
resultant 48 hybrids along with their parents and standard check
variety (NDA 2) were evaluated in a randomized block design with
three replications at Research Farm of Genetics and Plant Breed-
ing, Narendra Deva University of Agriculture & Technology, Kumar-
ganj, Faizabad (U.P.) during next crop growing season. Geograph-
ically this experimental site is situated between 26.47 ON latitude,
82.12 OE longitudes and at an altitude of 113 m above the mean sea
level. The soil type of experimental site was sandy loam, rich in
potash and low in organic carbon, nitrogen and phosphorus. The
seeds of each entry were sown on 25 July, 2011 in single row
plots of 4 m length with intra-row and inter-row spacing of 25 cm
and 75 cm, respectively. Recommended cultural practices were
followed to raise a good crop stand.

Data Collection

The observations were recorded on five randomly selected competi-
tive plants of a genotype in a plot in each replication for eleven
characters viz., days to 50% flowering, days to maturity, number of
primary branches per plant, number of secondary branches per
plant, plant height (cm), pods per plant, seeds per pod, 100-seed
weight (g), seed yield per plant (g), biological yield per plant (g) and
harvest index (%).

Statistical Analysis

The per cent increase or decrease of F1 hybrids over better parent
as well as standard variety was calculated to estimate possible
heterotic effects for above mentioned parameters [5]:

P
x100

F
Heterobeltiosis = 1

BP

Standard heterosis = x 100

Where,
F| =Meanof F; BPp = Mean of better- parent |

SV =Mean of standard variety or check variety

Deviation of F1from its either of the parental values was interpreted
by [6] depicting type of gene action operating for controlling the trait.
The ‘t' test was applied to determine significant difference of F1
hybrid means from respective mid parent and better parent values
using formulae as reported by [7].

Results and discussion

The analysis of variance [Table-1] revealed that the mean squares
due to testers emerged highly significant for days to maturity, seeds
per pod, 100-seed weight and biological yield per plant and signifi-
cant for seed yield per plant, pods per plant and secondary branch-
es per plant, indicating importance of general combining ability and
additive gene effects in expression of seven out of eleven charac-
ters. However, variances due to lines were highly significant for
days to 50% flowering and days to maturity while remaining nine
characters showed non-significant variances due to lines. The
mean squares due to lines x testers interactions, representing im-
portance of specific combining ability and non-additive gene effects,
were highly significant for all the 11 characters under study. The
above discussion suggests importance of both additive and non-
additive gene effects represented by general and specific combin-
ing ability variances, respectively, for most of the characters except
days to 50% flowering, plant height, primary branches per plant and
harvest-index for which only non-additive gene effects were im-
portant. The importance of additive as well as non-additive gene
effects with predominance of non-additive gene effects in inher-
itance of seed yield and yield components of pigeonpea has also
been reported earlier [8-15, 18-22].

Table 1- Analysis of variance following line x tester mating design for 11 characters in pigeon pea

Sources of variation

Replications Testers Lines x Testers

d.f. 2 2 15 30 94
Days to 50 % Flowering 3.444 594.80* 7218 49.90* 5.189
Days to Maturity 4.382 516.34* 94.26* 30.20** 6.566
Plant Height (cm) 0.0285 4455 1228.94 812.28* 1.87
Primary Branches/ Plant 0.0108 0.0705 1.266 0.9817* 0.3114
Secondary Branches/ Plant 2.465 4616 22.52* 10.71** 0.8039
Pods/ Plant 7.741 279.56 11043.77* 443553* 30.76
Seeds/ Pod 0.1692* 0.1901 0.4588** 0.1691* 0.044
100 Seed Weight (g) 0.0254 1.01 14.02* 2.179* 0.0274
Seed Yield/ Plant (g) 0.7759 110.51 1421.44* 685.03* 2.893
Biological Yield/ Plant (g) 7.052 410.81 10325.58** 2861.66™ 4539
Harvest Index (%) 0.3514 114.55 423.93 229.19* 0.2741

* Kk

,** significant at 5% and 1% probability levels, respectively

The exploitation of heterosis for developing high yielding commer-
cial hybrids in pigeonpea has been found highly fruitful in spite of its
often cross-pollinated nature because significant heterosis is en-
countered in F1 hybrids and successful and economical technology
for commercial hybrid seed production is available. In present

study, the estimates of heterosis over better-parent and standard
variety (NDA 2) were calculated for 48 F1's to assess their genetic
potential as breeding material were presented in [Table-2] (a&b).
The salient results obtained on different aspects are summarized
below:
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Table 2a- Extent of per cent heterobeltiosis (BPH) and standard heterosis (SH) for 11 characters in pigeon pea

Days to 50 % Flowering  Days to Maturity Plant Height (cm)  Primary Branches/ Plant Secondary Branches/ Plant

SNo Crosses

BPH SH BPH SH  BPH  SH BPH SH BPH SH
1 NDACMS1-2AxNDA 1 295 295 343 253  1097% -1985% 357 875 782 10.55°
2 NDACMS 1-3AxNDA 1 454% 454 420 332 4047%  1378% 1333 6.25 22.69" 1181%
3 NDACMS 16 AxNDA 1 091 091  210° 066  -1882% 2293  -1067  -16.25° 6.94 253
4 NDACMS 1-2AxNDA3 0 454% 212 499 250"  761% 714 25 412 6.75
5 NDACMS1-3AxNDA3 285 181  292% 279% 548 898" 274 625 20.89" 8.65
6 NDACMS 1-6AxNDA3 046 136 -328% 186 14127 -1848% 3188 1375 865 15.19"
7 NDACMS 1-2 A x NDAGC 33 249 134" 17 430 1452%  2257%  A518*  -10.94 802 10.76*
&  NDACMS 1-3Ax NDAGC 33 143 34 423 473 5&T* 936* 25 25 6.1 1561
9 NDACMS16Ax NDAGC33 549"  -635%  -380% -239% 545% .1025% 75 75 024 10.13*
10 NDACMS 1-2Ax NDAGC 35 147 459 027 473 879% 237" 238 25 399" 1181
11 NDACMS 1-3Ax NDAGC 35 447 385 435 279 206% AT 2055 10 798 295
12 NDACMS 1-6 Ax NDAGC 35 A4 204 380" -230% 1382 -1820%  2681% 938 2360 6,65
13 NDA CMS 1-2 A x NDA 98-2 438 272 067 73 2055% 238" 0 5 37 633
14 NDACMS 1-3 A x NDA 98-2 023 413 0 406 263% 417 1459 75 932 15.19"
15 NDA CMS 1-6 A x NDA 98-2 380" 476  236% 093 30.18%  -33.06%  -0.07 625 413 1034*
16 NDA CMS 1-2 A x NDA 98-7 6197  726%  247* 386  730% 370" 238 25 041 295
17 NDACMS 1-3 A x NDA 98-7 069 181 108 279  -1185% -A5A1% 2466 1375 6.52 0
18 NDA CMS 1-6 A x NDA 98-7 0 091 2400 066  437% 093 526 625 562 1139*
19 NDACMS 1-2 A x NDA 96-6 047 4B 434 486 16717 974"  1607*  21.88% 844 612
20 NDACMS 1-3 A x NDA 96-6 024 385 74 2260 416® 038 1558 1125 28.64* 15,61
21 NDACMS 16 A x NDA 96-6 229 136 052 199 085 281  2087%  2500%  4524%  2869%
22 NDACMS1-2AxNDASelecton  -549% 249 094  -146  160° 881" 1607  2188*  -1975%  -A7.72%
23 NDACMS1-3AXNDA Selecon  -549% 249  254* 199" -11.95% 1521 185  -1044 69 1633
24 NDACMS 1-6AxNDA Selecton  -1.98 143 043 16 430" -945% 2174 5 282 2321
25 NDACMS 1-2 Ax NDA 7-14 6967  007%  228°  -319° 230" 381" 3182 625 781 16.46*
26 NDACMS 1-3 A x NDA 7-14 162 068 054 04 787% 128" 218" 75 43 338
27 NDACMS 16 Ax NDA 7-14 046 136 57 043 95 692 2545 25 43 338
28 NDACMS 1-2 A x BHUAS-2 880" 363%  287% 106 206  -840% 595 125 198 8.44
29 NDACMS 1-3 A x BHUAS-2 £44% 413 2747 093 2190 2479 1301 313 10.22¢ 454
30 NDACMS 1-6 A x BHUAB-2 408" 136 0 186+ 1185 -1632%  2464™ 75 198 8.44
31 NDACMS 1-2 A x Azad AT5% 4B4T 04  332%  A64 172 744 125 329 591
32 NDACMS 1-3 A x Azad 204 272 240 279% 578 Q27 1411 413 955 1.54
33 NDACMS 1-6 A x Azad 023 0 A7 027 T3 190 4493 2500% 6497 3713
34 NDACMS 1-2 Ax ICP 3372 4747 4338% 115 652 852 790 833 1375 741 5.06
35 NDACMS 1-3 Ax ICP 3372 238 703 155 426" 3396 -3641% 1322 2081%  -1407% 184"
36 NDACMS 1-6 Ax ICP 3372 252 340%  -459%  319% 854 138" 1806° 6.25 13.33" 7.59
37 NDACMS 1-2 Ax ICP 2934 707% 459 273 066 1224* 073 315 831 297 338
38 NDACMS 1-3 A x ICP 2934 092" 567 573 372% 045 327 2096° 1038 1154+ 18.84*
39 NDACMS 1-6 A x ICP 2934 043 54 065 279 265  -255% 1957 313 495 11.81%
40  NDACMS 1-2 A x Amar 698" 272 207° 426" 1048 -1965%  -1944% 938 844 612
41 NDACMS 1-3 A x Amar 443 612 324 286% 199 478 1333 2750%  17.84% 591
42 NDACMS 1-6 A x Amar 092 81 34% 499 1576  2004% 556 6.25 15.82* 1350
43 NDACMS 1-2 A x NDA 8-6 £74%  QOT% 204 399 508 A217% 119 375 247 0
44 NDACMS 1-3Ax NDA 86 416 363 054 253 1873%  2173% 1781 75 21.13" 8.86
45 NDACMS 1-6 A x NDA 86 595% 499 092 239"  -1036% -1491%  2055° 10 25,60 9.70*
46 NDACMS1-2AxNDAW1003-13  -138  -272°  -395% 306" -1167% -2072%  -12.2 781 082 338
47 NDACMS1-3AxNDAW1003-13  -368" 499 369" 279" -547* 1831 059 750t  -24.88%  -3249"
48 NDACMS1-6AxNDAW 100313 046 136  275% 133  -1522% -1952% 1232 313 028 2541
Mean heterosis (%) 0.06 0.04 0.12 12.75 13.92
F’:‘(‘)’Slg\‘igrﬁ:f:rzg;‘h significant 3 2 2 5 14 1 15 5 12 10
r’:‘gg:tfwcfhsjgo";:tsh significant 18 2% 4 27 3 43 5 4 5 14
Range of heterosis 479 188 996 931 462 3831 7675 4831 8985 6962

* k%

,** significant at 5% and 1% probability levels, respectively
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Table 2b- Extent of per cent heterobeltiois (BPH) and standard heterosis (SH) for 11 characters in pigeon pea

SNo Crosses Pods/ Plant Seeds/ Pod 100 Seed Weight (g) Seed Yield/Plant (g) Biological Yield/ Plant (g) Harvest Index (%)
BPH SH BPH SH  BPH SH BPH SH BPH SH BPH  SH
1 NDACMS 1-2 Ax NDA 1 -13.22*  -9.32*  -1224* 488 237 -23.73* 1912 -20.93* 9.54* -15.96*  -27.57* -5.89**
2 NDACMS1-3AxNDA 1 11.97* 1330 278 2805 755 1598 2526* 2246  14.38** -7.39* 1.83  32.32*
3 NDACMS 1-6 AxNDA 1 -2.74 -1.59 577 1951 569 -8.33* 1091 1342~ 1.14 41 -16.11**  9.00**
4 NDACMS1-2AxNDA3 -53.98* 5191 -10.91 1951 -4.16* -3157* 51.72* 5763 856 -16.40*  -55.67* -49.28*
5 NDACMS1-3AxNDA3 -17.05*  -22.44*  9.09  46.34* 147 2755 032 1197 -4.16 -22.40* 3.90¢  13.74*
6 NDACMS1-6AXNDA3 -40.90* -51.86** -9.09 21.95™ -30.73** -32.67* -57.93* -56.98** -27.17*  -2504* -42.87* -4256*
7  NDACMS 1-2 A x NDAGC 33 -15.23*  -11.42* 714 1890 1755* -17.44* 429  -849% 1652 5.75¢  -1509™ -2.86
8 NDACMS 1-3Ax NDAGC 33 4,57 223 2407 0 2414™ 1281 372 477 -344 21.82% 04 9.03*
9 NDACMS 16 Ax NDAGC 33 0.78  -19.18% 476 2195 -19.02* -21.20* 2188 -20.12* -20.73* 2767 11.15% 1046
10 NDACMS 1-2 Ax NDAGC 35 -4.09 023 816 976 2869 -833* 1750* 3.1 2.1 -24.89* 861 37.35%
11 NDA CMS 1-3 Ax NDAGC 35 7854 7964 1852 732  1406* -18.76" -77.96™ -80.49*  24.77* 102 -84.74* -80.70*
12 NDACMS 1-6 Ax NDAGC 35 7941 -80.45* -20.67** 0.61 -11.65 -1413* 8232 -81.92™ -22.83* 2057  -82.03* -77.28*
13 NDA CMS 1-2 A x NDA 98-2 J707 7677 2502 244 678 1861 -77.83* -80.54* 095 2387 -77.66* -74.44*
14 NDACMS 1-3 A x NDA 98-2 7292 -7468* 926 1951 1042 1583 7134 -7463* 597 23.87*  -69.55* -66.67**
15 NDACMS 1-6 A x NDA 98-2 -66.24* -7250* 159 2805* -22.38* 2456 -69.85* -69.17*  -55.90** 5461 -31.61* -32.03*
16 NDA CMS 1-2 A x NDA 98-7 -76.08* -7218* 0 1951 2459 -26.04* -7542* -7221* 1816  -2840* -70.03* -61.19*
17 NDACMS 1-3 A x NDA 98-7 -1410%  -0.09 1852 7.32 -2121% -2273* -21.88* -1168™ -20.71* 3851  11.01* 4372%
18  NDA CMS 1-6 A x NDA 98-7 741 394 -1346* 976 -840 1016 -7.54* 454 -3054%  -2850% 1297 46.26™
19 NDACMS 1-2 A x NDA 96-6 71.73% -7045% 196 2195 -979* -17.86* -66.61* -68.67™  4.09 -12.52*  -68.68* -64.17*
20 NDA CMS 1-3 A x NDA 96-6 -67.09* -69.23** -12.96* 14.63* -23.01* -2989* -69.37* -71.26*  7.49* -0.66*  -71.49* -68.16*
21 NDA CMS 1-6 A x NDA 96-6 -62.20* -67.27* 865 15.85* -27.54* 2957 -70.80* -70.14™*  -11.81** 922 -70.53** -67.08*
22 NDACMS 1-2AxNDA Selection ~ 7.44* 1227 -1429% 976 -21.00* -21.92* 495  7.13* -0.63 -13.98* 569" 24.64*
23 NDACMS1-3AxNDA Selection  -8.85% -14.77* -10.56* 17.80* -19.35™ -20.20** -22.85* -21.25"  -1572*  -27.04*  -847* 7.94*
24 NDACMS 1-6 AxNDA Selecton 24.22* 118  -12.38* 122 -14.96* -1596* 039 186  -20.34*  -1801* 538 2427
25 NDACMS1-2AxNDA7-14 -14.36™ 845 204 1707 839* 870 36 1977  -493* 4.1 14 2494~
26 NDACMS 1-3 AxNDA 7-14 -66.22 -57.23* 185 3415 089 743" 60.65* -51.11™*  2046* 2152 -67.34** -59.76*
27 NDACMS 1-6 AxNDA7-14 -70.64* 6282 0 2683 246* 041 -63.69™ -54.89* -3343*  -3148* -46.68* -34.31*
28 NDACMS 1-2 A x BHUAS-2 -80.02* -76.50* 816 2927 -0.96 -17.37* -77.78* -73.23*  8.26* 41 -79.46* -72.05*
29 NDACMS 1-3 A x BHUAS-2 -82.66* -79.60* 046 31.10% -0.96 -17.37* -80.61* -76.63* -17.15* 2661 -76.50* -68.14**
30 NDACMS 1-6 A x BHUA8-2 2840 577 -1.92  2439% 506* -7.72%  -832% 1047  -32.15%  -30.16*  16.24* 58.20™
31 NDACMS 1-2 A x Azad -21.40* -17.86* 204 2195% -325% 2312% 531 -16.91*  -7.92* 2.2 -28.89* -18.65*
32 NDACMS 1-3 A x Azad -17.68" 2303 185 34.15" 368+ -1761* 503  -7.03* -2.81 786  -21.27* 1381
33 NDACMS 1-6 A x Azad -7363* 7852 -3.85 2195* -2363* 2577 -77.79* -77.28™  35.88* 50.81**  -84.83* -84.92**
34 NDACMS 1-2 A x ICP 3372 2453 2114 189  31.71* 3678 -37.10% -30.72* -3239* 1516  -2460* -21.63* -10.34*
35 NDACMS 1-3 AxICP 3372 -59.08* -61.74* -1361* 13.78* -41.90* -4219* -69.49* 7023 -36.30**  -43.39™ -52.08* -47.35%
36 NDACMS 1-6 AxICP 3372 121 1756  -094 28.05* -31.17* -31.52* -19.99** -18.18*  -31.90%  -20.90*  6.30™ 16.78*
37 NDACMS 1-2 A x ICP 2934 -81.59* -80.76* 476 3415 -46.97* -47.19* -84.46™ -84.18*  7.04* -16.54**  -85.49* -81.04*
38 NDACMS 1-3 AxICP 2934 70.26*  -7220* 491  3817* -3530* -3557** -73.02* 7253  12.12** 9.22*  -76.86** -69.75*
39 NDACMS 1-6 A x ICP 2934 -66.66™ -72.84* 476 2195™ -4425* -4448* .7868™ -7820* = -2.92 -0.07  -83.30* -78.18*
40 NDACMS 1-2 A x Amar -30.19* -27.05* 817  37.20* 2889 -16.76™ -6.43* -17.90™  16.77** 392 -25.24* -14.48*
41 NDACMS 1-3 A x Amar 21.97%  27.05% 417 37.20% 2015 -16.76* -7.25* -17.90*  17.08* 366 2213 -14.76*
42 NDACMS 1-6 A x Amar 017  -1841* 577 3415 -1363* -16.05*  -0.6 1.65 -7.89* 520*  7.94% 727
43 NDACMS 1-2 A x NDA 8-6 71.94%  7068* 4 2683* 1.9  -2195% 6373* 6847 101"  -1552%  67.19* -62.30*
44  NDACMS 1-3 A x NDA 8-6 -15.85** -21.32** -1.85 29.27** 928" -13.06" -6.20* -16.97*  -16.46™ -32.36™  6.92* 22.86™
45 NDACMS 1-6 A x NDA 8-6 525  -891* 962 1463* -3514* -36.95% -2536* 2367 -37.98"  -36.16™ 397" 19.46*
46 NDACMS 1-2 Ax NDAW 1003-13  -22.74** -19.26** 2.04  21.95* 10.25* -30.06* -17.15** -27.30**  -25.81** -43.08*  12.01* 28.14*
47 NDACMS 1-3 AxNDAW 1003-13  -37.39* -37.95* -1.85 2927 281* -28.77* -3143* -30.30* -2048*  -42.90* 278 643"
48 NDACMS 1-6 A x NDAW 1003-13  -13.02** -13.81** -144  25.00* -1343* -15.86* -9.77* -7.73*  -32.08* -30.09* 3290 32.08*
Mean heterosis (%) -31.14 0.12 -2.31 -28.13 0.54 -25.91
F’:‘;’Sz\flgrﬁ:f;zggh significant 3 3 0 8 16 0 3 5 14 3 14 20
r’:‘;’g;tfwcfhsjt‘ﬁo"g:tsh significant 38 0 13 0o 27 47 36 39 2 37 0 27
Range of heterosis 82.66-24.22 -94.06 25.02-9.09 -48.78 -75.86 -47.19 -109.72 -10664  -91.78 10542 -117.39 -143.12
*** significant at 5% and 1% probability levels, respectively
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Early maturing hybrids are generally preferred therefore, negative
heterosis for days to 50% flowering is considered as useful parame-
ter. The heterosis for this trait over better-parent (BP) ranged from -
10.92 per cent (NDACMS 1-3 A x ICP 2934) to 6.98 per cent
(NDACMS 1-2 A x Amar); however, over standard variety (NDA 2)
ranged from -13.38 per cent (NDACMS 1-2 A x ICP 3372) to 5.44
per cent (NDACMS 1-6 A x ICP 2934). Eighteen hybrids exhibited
negative and significant heterosis over BP and the best five hybrids
were NDACMS 1-3 A x ICP 2934, NDACMS 1-2 A x BHUA 8-2,
NDACMS 1-2 A x ICP 2934, NDACMS 1-2 A x NDA 7-14 and
NDACMS 1-2 A x NDA 8-6. Twenty-six crosses showed negative
and significant heterosis over standard variety and best five among
were NDACMS 1-2 A x ICP 3372, NDACMS 1-2 A x NDAGC 33,
NDACMS 1-2 A x NDA 7-14 and NDACMS 1-2 A x NDA 8-6. These
findings were in closely agreement with the findings of several earli-
er workers [11-14].

The heterosis for days to maturity ranged from -5.73 per cent
(NDACMS 1-3 A x ICP 2934) to 4.23 per cent (NDACMS 1-6 A x
NDAGC 33) over better parent, whereas it ranged from -6.52 per
cent (NDACMS 1-2 A x ICP 3372) to 2.79 per cent (NDACMS 1-6 A
x ICP 2934) over standard variety. Out of forty-eight hybrids, twen-
ty-four crosses exhibited negative and significant heterosis over BP
and best five among them were NDACMS 1-3 A x ICP 2934,
NDACMS 1-6 A x ICP3372, NDACMS 1-2 A x NDAW 1003-13,
NDACMS 1-3 A x NDA 1 and NDACMS 1-6 A x NDAGC 35. Twenty
-seven crosses possessed negative and significant heterosis over
SV and the best five hybrids possessing superior negative hetero-
sis over SV were NDACMS 1-2A x ICP 3372, NDACMS 1- 2 A x
NDAGC 33, NDACMS 1-3 A x ICP 3372, NDACMS 1-2 A x Amar
and NDACMS 1-2 A x NDA 8-6. [16] reported that most of the
promising hybrids depicted significant negative heterosis for days to
50% flowering and days to maturity, thereby suggesting that high
yield in hybrids can be achieved along with early flowering and ma-
turity.

Plant height is desirable character in pigeonpea for achieving high
yield as vigour in plant height may lead to increase biomass as well
as source-sink capacity for obtaining optimum yield. The het-
erobeltiosis for plant height ranged from -33.96 per cent (NDACMS
1-3 A x ICP 3372) to 12.24 per cent (NDACMS 1-2 A x ICP 2934).
The standard heterosis varied from -36.41 per cent (NDACMS 1-3
A x ICP 3372) to 1.90 per cent (NDACMS 1-6 A x Azad). The posi-
tive and significant value of heterobeltiosis was noted for fourteen
crosses and best five among these crosses were NDACMS 1-2 A x
ICP 2934, NDACMS 1-2 A x NDAGC 33, NDACMS 1-6 A x Azad,
NDACMS 1-2 A x NDA 98-7 and NDACMS 1-6 A x NDA 98-7. Out
of 48 crosses, only one cross, NDACMS 1-6 A x Azad exhibited
significant and positive heterosis over SV. Similar findings were
also reported by [12-15, 17-21].

More primary and secondary branches per plant are believed to be
closely associated with high seed vyield per plant resulting high
productivity. Heterobeltiosis for primary branches per plant ranged
from -31.81 per cent (NDACMS 1-2 A x NDA 7-14) to 44.93 per
cent (NDACMS 1-6 A x Azad). The positive and significant esti-
mates of heterosis over standard variety were exhibited by five
hybrids which were NDACMS 1-3 A x Amar, NDACMS 1-6 A x
Azad, NDACMS 1-6 A x NDA 96-6, NDACMS 1-2 A x NDA Selec-
tion and NDACMS 1-2 A x NDA 96-6.

The magnitude of heterobeltiosis for secondary branches per plant
varied from -24.88 per cent (NDACMS 1-3 A x NDAW 1003-13) to

64.97 per cent (NDACMS 1-6 A x Azad). The estimates of heterosis
over standard variety ranged from -32.49 per cent (NDACMS 1-3 A
x NDAW 1003-13) to 37.13 per cent (NDACMS 1-6 A x Azad). Over
standard variety, ten crosses showed positive and significant heter-
osis. Based on magnitude of heterosis over SV, the best five cross
combinations were NDACMS 1-6 A x Azad, NDACMS 1-6 A x NDA
96-6, NDACMS 1-3 A x ICP 2934, NDACMS 1-2 A x NDA 7-14 and
NDACMS 1-3 A x NDA 96-6.

The heterosis for pods per plant over BP ranged from -82.66 per
cent (NDACMS 1-3 A x BHUA 8-2) to 24.22 per cent (NDACMS 1-6
A x NDA Selection. The heterosis over standard variety varied from
-80.76 per cent (NDACMS 1-2 A x ICP 2934) to 13.30 per cent
(NDACMS 1-3 A x NDA 1). Out of 48 hybrids, only three hybrids,
NDACMS 1-3 A x NDA 1, NDACMS 1-2 A x NDA Selection and
NDACMS 1-2 A x NDA 7-14 exhibited positive and significant heter-
osis over SV. The undesirable negative and significant estimates of
heterobeltiosis and standard heterosis for pods per plant were ex-
hibited by 38 and 40 crosses, respectively.

The hybrids with positive heterosis for number of seeds per pod are
desirable to increase the yield. The heterobeltiosis for seeds per
pod ranged from -25.02 per cent (NDACMS 1-2 A x NDA 98-2) to
9.09 per cent (NDACMS 1-3 A x NDA 3) while standard heterosis
varied from -2.44 per cent (NDACMS 1-2 A x NDA 98-2) to 46.34
per cent (NDACMS 1-3 A x NDA 3). None of the 48 crosses regis-
tered significant positive heterobeltiosis for seeds per pod while 38
crosses recorded positive and significant standard heterosis. The
best five crosses in respect of standard heterosis were NDACMS 1-
3 A x NDA 3, NDACMS 1-3 A x ICP 2934, NDACMS 1-2 A x Amar,
NDACMS 1-3 A x Amar and NDACMS 1-3 A x NDA 7-14. These
findings were closely agreement with [9,12, 13,15,21,23].

For 100-seed weight, the heterosis over BP ranged from -46.97 per
cent (NDACMS 1-2 A x ICP 2934) to 28.89 per cent (NDACMS 1-2
A x Amar). The heterosis over standard variety varied from -47.19
per cent (NDACMS 1-2 A x ICP 2934) to 0.41 per cent (NDACMS 1
-6 A x NDA 7-14). None of the 48 hybrids exhibited positive and
significant heterosis over SV. Heterosis with respect to 100-seed
weight in positive and negative direction have also been reported by
several earlier researchers [12-14, 17-21].

Yield is a complex trait and end product of a number of components
most of which are under polygenic control. All changes in yield must
be accompanied by changes in one or more of the components
have been pointed out by Grafius (1959). For seed yield per plant,
the heterosis over better-parent varied from -84.46 per cent
(NDACMS 1-2 A x ICP 2934) to 25.26 per cent (NDACMS 1-3 A x
NDA 1). Three crosses, NDACMS 1-3 A x NDA 1, NDACMS 1-2 A x
NDAGC 35 and NDACMS 1-6 A x NDA 1 exhibited positive and
significant heterosis over BP. The standard heterosis for seed yield
per plant ranged from -84.18 per cent (NDACMS 1-2 A x ICP 2934)
to 22.46 per cent (NDACMS 1-3 A x NDA 1). Out of 48 cross combi-
nations, only five crosses, namely, NDACMS 1-3 A x NDA 1,
NDACMS 1-2 A x NDA 7-14, NDACMS 1- 6 A x NDA 1, NDACMS 1
-6 a x BHUA 8-2 and NDACMS 1-2 A x NDA Selection showed
positive and significant standard heterosis. The undesirable nega-
tive and significant estimates of heterobeltiosis and standard heter-
osis for seed yield per plant were possessed by 36 and 39 crosses,
respectively. These findings were in close agreement with the find-
ings of earlier workers [8-21, 23-24].

The heterosis for biological yield per plant ranged from -55.90 per
cent (NDACMS 1-6 A x NDA 98-2) to 35.88 per cent (NDACMS 1-
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6A x Azad) over BP and from -54.61 per cent (NDACMS 1-6 A x
NDA 98-7) to 50.81 per cent (NDACMS 1-6 A x Azad) over SV. Out
of 48 cross combinations, desirable positive and significant hetero-
sis was exhibited by fourteen crosses over better-parent and three
crosses over standard variety. The best five crosses exhibiting posi-
tive and significant heterobeltiosis were NDACMS 1-6 a x Azad,
NDACMS 1-3 A x NDAGC 35, NDACMS 1-3 A x NDA 7-14,
NDACMS 1-3 A x Amar and NDACMS 1-2 A x Amar, while the
three crosses having positive and significant standard heterosis for
seed vyield plant were NDACMS 1-6A x Azad, NDACMS 1-3 A x
NDA 7-14 and NDACMS 1-3 A x Azad.

The heterobeltiosis for harvest-index varied from -85.49 per cent
NDACMS 1-2 A x ICP 2934) to 32.90 per cent (NDACMS 1-6 A x
NDAW 1003-13). Out of 48 hybrids, twenty hybrids showed positive
and significant heterosis over standard variety and best five among
were NDACMS 1-6 A x BHUA 8-2, NDACMS 1-6 A x NDA 98-7,
NDACMS 1-3 A x NDA 98-7, NDACMS 1-2 A x NDAGC 35 and
NDACMS 1-3 A x NDA 1. The significant positive and negative
heterosis for harvest-index was also reported by [15,18,20,21,23,
24].

Conclusion

On the basis of overall consideration it may be concluded that both
type of gene effect with preponderance of non-additive gene effect
were important for inheritance of all the traits studied. Estimates of
heterosis revealed that heterobeltiosis for seed vyield per plant,
ranged from -84.46% to 25.26% and standard heterosis varied from
-84.18% to 22.46% and the cross NDACMS 1-3 A x NDA 1 showed
highest mean performance (63.00g), heterobeltiosis (25.26%) and
standard heterosis (22.46%). The most desirable crosses showing
high mean performance and significant heterosis seed yield per
plant and some of its components were NDACMS 1-3 A x NDA 1,
NDACMS 1-2 A x NDAGC 35, NDACMS 1-6 A x NDA 1, NDACMS
1-2 A x NDA 7-14, NDACMS 1-6A x BHUA 8-2 and NDACMS 1-2 A
x NDA-selection were most promising combinations and need to be
tested on large scale for their feasibility of commercial utilization.
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