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Abstract

A study was conducted with the aim to exploit the heterobeltiosis and economic heterosis for agrononomic, flowering and
yield and its components. The experiment was comprised 19 parents along with two checks and their 48(F ®) hybrids
developed with the using of line x tester design. The seeds were developed by the crossing of three testers (males) with
sixteen genetically diverse aromatic and non-aromatic rice genotypes/ varieties as lines (females) parents in a line X tester
mating fashion. The field experiment was conducted randomized block design with three replications during kharif 2010-11.
The observations were recorded for sixteen traits of agronomic and yield. The study revealed that the in case of grain yield
per plant heterobeltiosis range from -56.46% to 113.50% and standard heterosis varied from -57.62% to 40.26% over Sv,
(NDR359) and from -11.55% to 131.99% over Sv, (PB-1). Thirty eight crosses showed positive and significant standard
heterosis over SV, and only one cross combination viz; Sarjoo 52 x NDR 359 possessed significant and positive standard
heterosis over SV, for grain yield per plant and some other contributing components traits. Besides yield, substantial
heterosis over better parent and standard varieties was also observed in negative as well as positive direction for remaining
characters. However, the number of crosses showing significant estimates and the range of heterosis varied from one
character to another’s. The study concluded that the most desirable crosses showing high mean performance along with
high and significant heterosis of one or both types for grain yield per plant were Sarjoo 52 X NDR 359, CSR 13 x CSR 36, CSAR
839-3, Usar-3 x CSR 36, T-3 x Pusa Basmati, NDRK 5088 x NDR 359 and Ram Raj x CSR-36. the cross, Sarjoo 52 x NDR 359
showed highest mean performance (43.53 g), heterobeltiosis (11.16%), standard heterosis over SV, (11.16%)and SV, (131.99%)
for grain yield per plant.

Introduction

Rice (Oryza sativa L.) occupies a pivotal place in
Indian agriculture, as it forms the staple food for two-
thirds of the population, provides 43 per cent calories
requirement and 20-25 % agriculture income. More than
90 per cent of the world’s rice is grown and consumed in
Asia, known as rice bowl of the world, where 60 per
cent of the earth’s people and two third of world’s poor
live (Khush and Virk, 2000). To focus attention on the
importance of rice in global food security and the necessity
to increase rice production and productivity, United
Nations General Assembly in 2002 declared to celebrate
the year 2004 as “International Year of Rice (IYR 2004)”
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with the theme of “Rice is Life”. Rice belongs to the
genus Oryza, sub tribe Orygianeae of the family
Gramineae. It is the plant species which enjoyed with
remarkable genetic diversity. Rice is cultivated worldwide
over an area of about 167.13 million hectares with an
annual rice production of about 782.00 million tones with
an average productivity of 4.68 tones per hectare. India
has the largest area of 44.50 million hectare constituting
26.62% of the land under rice in the world. Annual
production of rice in the country is more than 172.58
million tones, second largest in the world after China
(Anonymous, 2018). More than 80 % of our countrymen
depend fully or partially on rice as their main cereal food
and staple diet. Uttar Pradesh is an important rice growing
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state in the country. Uttar Pradesh is contributing about
13 percent rice to the total national production. The area
and production of rice in this state is about 6.0 million
hectares and 13.27 million tones, respectively, with the
productivity of 2.49 tones per hectare (Anonymous,
2018a).

The exploitation of heterosis for improving yield
potential of crop plants has emerged as one of the most
outstanding contributions of science of genetics to
agriculture. The term heterosis, first coined by Shull
(1914), denotes superiority of F, hybrids over both of its
parents in terms of yield or any other character. The
assessment of nature and magnitude of heterosis for
different characters serves in the identification of potential
hybrid combinations for exploitation as hybrid varieties
or breeding materials for isolating transgressive
segregants for developing high yielding pure line varieties.

Materials and Methods

The present experiment was laid out at Crop
Research Farm Nawabganj during KAarif 2010 and 2011
of C.S. Azad University of Agriculture & Technology,
Kanpur. The crosses were made during Kharif 2010 and
hybrids along with parental lines and check varieties were
evaluated in randomized complete block design with three
replications during Kharif 2011. Three testers (males)
viz., CSR-36, Pusa-Basmati-1, and NDR-359 were
crossed with sixteen genetically diverse aromatic and non-
aromatic rice genotypes/ varieties as lines (females)
parents in a line x tester mating fashion. The sixteen
female parents (lines) were Sarjoo 52, NDRK 5088, CSR
30, T-3, Pakistani Basmati, Ram Raj, CSAR 839-3, Pusa
Sugandha-3, Pusa Sugandha 5, Narendra Usar 3, Pokkali,
IR 79218-63-2-3-1, IR 79495-9-3-2-2, FL- 478, IR 82571-
544-2-3 and CSR-13. A total of 48 F’s were made during
kharif 2010 in line xtester fashion. During Kharif; 2011,
a total of 48 F ’s along with their 19 parents were
evaluated in randomized complete block design with three
replications. The seeds of each entry were sown on 26"
June, 2011 in separate plots and 35 days old seedlings
were transplanted (31% July 2010) as single seedling per
hill in five row plots of 1.0 m length with inter- and intra-
row spacing of 20 cm and 15 cm, respectively. All the
recommended cultural practices were followed to raise
a good crop. The fertilizers were applied @ 120 kg
nitrogen, 60 kg phosphorus and 60 kg potash per hectare
through urea, DAP and murate of potash, respectively.
The full dose of phosphorus and potash and half dose of
nitrogen were applied as basal and rest of nitrogen was
applied in two split doses as top dressing at tillering and
panicle initiation stage of crop growth.
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Results and Discussion

The heterosis breeding has been used extensively in
improving yield potential through development of hybrid
cultivars in most of the allogamous crops and some
autogamous crops like rice as well. The exploitation of
heterosis for developing high yielding commercial hybrids
in rice has been found highly fruitful inspite of its
autogamous nature because significant heterosis is
encountered in F hybrids and successful and economical
technology for commercial hybrid seed production is
available the presence of high heterosis for economically
important characters is not only useful for developing
hybrids, synthetic and composites segregants for
development of superior homozygous lines. In present
study, the estimates of heterosis over better parent and
standard variety, SV, (NDR 359) and SV, (Pusa
Basmati-1) were calculated for F s to assess their genetic
potential as breeding materials.

A wide range of variation in the estimates of
heterobeltiosis and standard heterosis in positive and
negative direction was observed for grain yield per plant
(Table 1). In case of grain yield per plant, heterobeltiosis
ranged from 56.46 per cent to 113.5 per cent and standard
heterosis varied from -57.62% to 40.26% over sv, and
from -115.55% to 131.99 over sv,.

Out of 48 crosses there crosses showed positive and
significant over SV1, SV, 40.26% (IR79495-9-3-2-
2x(PB-1), 33.59% (Pakistan BasmatixPB-1) AND
11.16% (SARJOO 52 xNDR 359). White 30 crosses
showed positive and significant heterosis over SV,. The
best five crosses are 131.99 per cent (Sarjoo 52 xNDR
359) followed by 125.04 per cent (CSR 13 xCSR 36),
121.71% (CSAR 839-3 xPB-1), 119.09 per cent (Usar-
3 XCSR 36), 113.20 per cent (NDRK 5088 xXNDR 359)
and 113.50 per cent (T-3 xPB-1).

Out of 48 hybrids eighteen crosses showed positive
and significant heterosis over BP. The best five crosses
are T-3 xPB-1 (113.50%) followed by CSAR 839-3 xPB-
1 (100.84%), Ram RajxCSR 36 (94.61%), FL 478 xPB-
1 (81.71%) and CSR 13 xCSR-36 (79.13).

In general, some crosses showed appreciable and
high heterosis for most of the characters under study.
The existence of wide spectrum of heterosis in either
direction with expression of high degree of desirable
heterosis by some crosses for all the characters observed
in present study is in conformity with the earlier reports
reporting presence of high heterosis for such characters
in rice (Janardanan et al., 2001; Bhanumathi et a/., 2003,
Punitha et al., 2004; Singh et al., 2007; Roy et al.,2009).

It was noted that higher heterosis over better parent
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Table 1: Extent of per cent heterosis and better period (BP) and two standard varieties (SV, and SV) for 16 characters except grain

chalkiness in rice.

S. | Crosses Days to 50% flowering Plant height (cm) | Panicle bearing tiller/plant
No. BP SV, SV, BP SV, SV, BP SV, SV,

1. | IR82571xCSR 36 -9.90%* | -6.31* 2.55 870 | -1250 | -11.89| 1333 |-35.85%*| 30.77*
2. | IR 82571 xPusa Basmati-1 -0.70 -6.31* 2.55 0.70 0.00 0.70 |33.33** | -24.53** | 53.85%*
3. | IR82571 xNDR 359 -13.62%% | -13.62%* -545 -347 347 | -2.80 [47.17*%*%| 47.17%*| 7.69

4. | NDRK5088 xCSR36 -6.71%% | 299 6.18* 492 11.11 1189 | 541 |-26.42%*|50.00**
5. | NDRK 5088x Pusa Basmati- 1 17.99%% | 1329** | 2400*%* | 9.84 1632 | 17.13% |-35.14%*| -54.72*%* | -7.69
6. | NDRK5088x NDR-359 -17.61%% | -17.61%* | -9.82*%* | 410 1.56 | 227**| 377 377 1 96.15%*
7. | PokkalixCSR 36 5.75% | 997** |2036** | 19.55% | 19.79* |120.63*| 0.00 |-49.06**| 385

8. | Pokkali xPusa Basmati-1 -21.82%* | 28.57** |-21.82%* | 454 434 | 367 | 30.77* | -35.85%*| 30.77*
9. | PokalixNDR 359 -8.97*% | -897** 036 | -1355 | -1337 | -12.76 |-24.53%%| -24.53** | 53 85**
10. | CSR 13 xCSR 36 4.79 897**% | 19.27** | -12.02 4.69 542 | 23.53* | -20.75%*] 61.54**
11. | CSR 13 xPusa Basmati-1 -14.92%* | -16.61** | -8.73** | 429 1389 | 1469 | 882 |-41.51*%| 19.23
12. | CSR13xNDR 359 -12.62%% | -12.62%* 436 |-37.85%%|-26.04**| 2552 |-47.17**| 47.17**| 17.69
13. | T-3xCSR 36 17.75%*% | 299 6.18% |-38.49%*|-22.22**| 21,68 [100.00%¥*| 1.89 |107.69**
14. | T-3 xPusa Basmati-1 -2845%% | -15.61%* | -7.64** |25.86%*| -625 =559 |119.23**| 755  [119.23*%
15. | T-3xNDR 359 -24.23%* | 10.63** 2.18 993 13.89 | 14.69 [-43.40%**| -43.40**| 1538
16. | IR79218-6 xPusa Basmati-1 -2.56 133 1091%* | 2.82 7.64 839 | 476 |-24.53%%*]53.85*%*
17 | IR 79218 xBasmati-1 255 |-10.96%* 255 | -1244 | 833 -7.69 | -2143% | 37.74%* | 2692
18. | IR79218 xXNDR 359 -9.63** | -9.63%* -1.09 -5.80 -139 | -0.70 [-28.30%**| -28.30** | 46.15**
19. | PakistanBasmati xCSR36 -25.22%% | -15.28%* | -7.27*% |26.19%*| -521 455 | 741 | -4528**| 11.54
20. | Pakistan BasmatixPusa Basmati-1 |-19.65%* | -8.97* 036 |F17.80**| 5.6 629 |50.00%* | -26.42** | 50.00**
21. | Pakistan Basmati x*NDR359 -11.14%* | 0.66 10.18%* |-1591* | 799 874 |49.06%* | -49.06*%*| 3.85
22. | RamrajxCSR36 -23.00%* | -19.93** |-12.36%* | -1.78 243 -1.75 | 77.78%* | 943 | 84.62**
23. | Ramraj xPusa Basmati-1 13.09%* | 332 13.09%* | 941 8.68 944 | 1538 |-43.40**| 1538
24. | RamrajxNDR.359 -23.26%* | -23.26%* |-16.00%* | -2.08 -2.08 -1,10 |-35.85%*| -35.85%* | 30.77*
25. | CSAR 839 xCSR 36 -14.06%* | -10.63** 218 0.15 -1007 | 944 | 1471 |-26.42**|50.00%*
26. | CSAR 839 xPusa Basmati-1 10.87** | 1.66 11.27* | 315 243 315 [3529%*| -1321 |76.92**
27. | CSAR839xNDR 359 -17.61%* | -17.61** | -9.82* | 4.17 4.17 490 |-39.62**| -39.62** | 23.08
28. | IR79495-9-3-2-2xCSR36 -24.58** | -10.30%* -1.82 -0.02 | -18.75* |-18.18*| -20.00* | -39.62** | 23.08
29. | IR79495-9-3-2-2 xPusa Basmati-1 | -21.51** | -6,64* 2.18 -16.08 | -16.67* | -1608 | 27.50** | -3.77 |96.15%*
30. | IR79495-9-3-2-2xNDR 359 -26.82%* | -12.96%* 473 243 243 -175 | 5.66 566 [11538*%
31. | Pusa Sugandha-3dhaxCSR36  |-13.42**| -9.97** -145 | -1048 9.72 1049 | 1071 |-41.51%*| 1923
32. | Pusa Sugandha-3dha xPusa 6.55% -2.66 6.55%* |-13.88% | 556 629 |35.71%% | -28.30%* | 46.15**

Basmati-1

33. | Pusa Sugandha-3dha xXNDR359 | -63* | -6.31* 255 |2521*%*%| 833 =769 |-30.19%%| -30.19%* | 42.31**
34.| PS5xCSR 36 -8.95%* | -532% 3.64 16.87 1.04 1.75 | 48.15%* | -24.53** | 53 85%*
35. | PS 5 xPusa Basmati-1 -5.82% | -13.95%*% | -5.82%* | -2.80 347 | -2.80 | 1538 |-43.40**| 1538
36. | PS5xNDR 359 -3.65 -3.65 545  [-29.17*%|-29.17 *¥*|-28.67*4-24.53** | -24.53** | 53 56**
37. | FL478 xPusa Basmati-1 447 8.64** | 18.91** [2691** | 9.72 1049 |-50.94**| -50.94** |  0.00
38. | FL478 xPusa Basmati-1 -15.61%* | -15.61** | -7.64** | -1.05 -174 | -105 | -1132 | -1132 | 80.77**
39. | FL478 xNDR 359 831** | 831** | 18.55%* | 694 6.94 7.69 |-45.28**| -45.28**| 1154
40. | Sarjoo 52 xCSR 36 -28.12 %% 25.25%* |-1818** | -1.84 -156 | -0.87 [-31.37**| -33.96%* | 34.62**
41. | Sarjoo 52 xPusa Basmati- 1 145 -7.31%%* 145 946 920 | -8.57 [-23.53**|-26.42%*|50.00**
42. | Sarjoo 52 xNDR 359 6.31%* 6.31%* 16.36%* | -0.63 035 035 | -1321 | -1321 |76.92"*
43. | CSR30xCSR36 -16.61%* | -13.29%* 509 |-14.11% | 3.82 455 | 1852 |-39.62**| 23.08
44. | CSR 30 xPusa Basmati-1 400 |-12.29%* 400 +30.77**| -1632 | -1573 | 7.69 |-47.17**| 17.69
45. | CSR30xNDR 359 -5.32%* | 532% 364 (27.90%* -1285 | -1224| -566 566 | 9231**
46. | Usar 3xCSR 36 -15.97%* | -12.62%* 436 19.71**| 556 | 490 |[80.65**| 566 [15.3**§
47. | Usar 3 xPusa Basmati-1 -14.38%* | -10.96%* 255 | -12.03 347 420 0.00 | -41.51*%*%| 1923
48. | Usar 3xNDR 359 4.15%% | 033 9.09%* | -12.33 3.13 3.85 [-28.30%*| -28.30** #46.15" **

Table 1 Contd....
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S. | Crosses Particle length (cm) Spikelet/panicle Spikelet fertility (%)
No. BP Sv, SV, BP Sv, SV, BP Sv, SV,
1. | IR82571 xCSR 36 -0.54 9.18 -10.31 9.52 1.10 1695 | 039 |-7.89**| 039
2. | IR 82571 xPusa Basmati-1 -5.64 446 -5.64 530 -897 530 | 8.98** 0.00 | 8.98 **
3. | IR82571 xNDR 359 -0.66 -0.66 -7.82 -3.85 385 | 1123 | -0.86 086 | 8.05%*
4. | NDRK5088 xCSR36 1429 436 3.07 -8.13 | -1520%*| -191 147 -526* | 325
5. | NDRK 5088x Pusa Basmati- 1 6.79 8.13 6.79 -6.14 |-18.86*% -6.14 | 2.69 4.12 449
6. | NDRK5088x NDR-359 6.05 6.05 4.74 440 440 |20.76** -1.67 -1.67 | 7.16%*
7. | PokkalixCSR 36 44.90%* | 32.31 ** | 30.67** | -14.88* |-21.43**% -9.11 1.85 534 % 3.16
8. | Pokkali xPusa Basmati-1 491 622 491 1.06 -12.64 | 106 | 7.64** 0.04 | 9.02**
9. | PokalixNDR 359 -198 -198 -3.19 -3.11 -3.11 | 1208 | 275 275 | 599**
10. | CSR 13 xCSR 36 6.26 297 4.17 536 275 | 12.50 | 530% -3.15 | 5.55*%
11. | CSR 13 xPusa Basmati-1 38.28%* | 40.02 ** | 38.28** | 12.92 238 | 1292 | 327 -5.02* 352
12. | CSR13xNDR 359 14.83 14.83 1341 -5.68 -5.68 9.11 0.72 0.72 | 8.20**
13. | T-3xCSR 36 -13.92 -8.56 9.69 |-1548* | -21.98** 975 | 234 | -6.09**F| 234
14. | T-3 xPusa Basmati-1 3.74 10.20 8.83 1547* -0.18 | 1547*| 7.15%* | -1.68 | 7.15%*
15. | T-3xNDR 359 7.84 14.55 13.13 -7.14 -7.14 742 | 421 421 439
16. | IR79218-6 xPusa Basmati-1 12.79 7.34 6.01 536 275 | 1250 | 3.58 254 6.21%*
17 | IR 79218 xBasmati-1 -0.64 -547 -0.64 14.31 238 | 1843*| 095 |-6.81**| 1.56
18. | IR79218 xNDR 359 -5.55 -5.55 -6.72 -842 -842 593 | -1.79 -1.79 | 7.03**
19. | PakistanBasmati xCSR36 -10.35 7.58 625 5.16 293 | 1229 | 742%* | -143 | 742%*
20. | Pakistan Basmati xPusa Basmati-] -11.33 641 5.09 021 | -13.74*| 021 391 -4.66* 391
21. | Pakistan Basmati x*NDR359 9.63 845 710 (18.50*%*-18.50*% -572 | -394 -394 4.69
22. | RamrajxCSR36 16.71 6.57 525 11.31 275 | 18.86% | 742%* | -143 | 742**
23. | Ramraj xPusa Basmati-1 29.33 ** | 30.95 ** | 20.33%* | 763 |-20.15**% -7.63 1.17 | -7.17**| 117
24. | RamrajxNDR.359 332 332 204  |41.76%*|-41.76 **-32..63*F -143 -143 | 742%*
25. | CSAR 839xCSR 36 6.68 -1.65 2.87 5.56 256 | 1271 | 259 251 6.25%
26. | CSAR 839 xPusa Basmati-1 6.66 8.00 6.66 | 19.28* 311 | 19.28*| 6.36%* 1.08 |1016**
27. | CSAR839xNDR 359 3643 ** | 3643 ** | 34.74** | 201 201 | 1335 | -3.58 -3.58 5.08*
28. | IR79495-9-3-2-2 xCSR36 14.16 1517 13.74 0.39 -549 932 444 251 625%
29. | IR79495-9-3-2-2 xPusa Basmati-1 | -9.12 -7198 9.12  |-14.01%* |-19.05*% 636 | 247 | -8.96** | -0.78
30. | IR79495-9-3-2-2xNDR 359 7.59 8.54 7.19 0.18 0.18 | 15.89*| -1.79 -1.79 | 7.03%*
31. | Pusa Sugandha-3dhaxCSR36  |-24.73**| 10.86 948 1.39 -64 826 | 061 |-645**] 195
32. | Pusa Sugandha-3dha xPusa -26.32 %% 852 718 11.86 -330 | 1186 | 0.15 5.73% 2.73
Basmati-1
33. | Pusa Sugandha-3dha xXNDR 359 |-3524**| 462 -5.80 3.11 311 | 19.28*| 4.66* | -4.66* 391
34.| PS5xCSR 36 -13.02 -531 -048 -0.99 -8.61 572 | 8.98** 0.00 | 8.98**
35. | PS 5 xPusa Basmati-1 -1530* | -7.79 -8.93 12.29 293 | 1229 | 742*%* | -143 | 742%*
36. | PS5xNDR 359 4.54 393 264  |-15.02* | -15.02* | -1.69 | -4.66* | 4.66* 391
37. | FL478 xPusa Basmati-1 17.61 * 739 6.06 -12.10 | -18.86**| -6.14 | 7.03** | -1.79 | 703**
38. | FL478 xPusa Basmati-1 -0.04 1.22 004 |1843* 238 | 1843* | 6.64** | 215 | 6.64**
39. | FL478 xNDR 359 28.39 ** | 28.39 ** | 26 80** 120.88 **| -20.88**| -847 |-6.45**| -645%* | 195
40. | Sarjoo 52 xCSR 36 -5.03 3.01 1.73 -635 | -13.55% | 0.00 332 2.15 6.64-
41. | Sarjoo 52 xPusa Basmati-1 -1093 -3.39 -459 13.14 220 | 1314 | 067 -4.66* 391
42. | Sarjoo 52 xNDR 359 0.23 871 736 440 440 |2076** -394 -394 4.69
43. | CSR30xCSR36 39.85** | 37.78 ** | 36.07** | 16.87* 7.88 |24.79%% 032 323 S5AT*
44. | CSR 30 xPusa Basmati-1 11.56 12.96 11.56 9.96 495 9.96 2.18 -143 | 742%*
45. | CSR30xNDR 359 -1347 | -1347 -1454 2234 %% -2234% | -10.17 |-6,45** | -645%* | 195
46. | Usar 3xCSR 36 1544 857 723 8.53 0.18 | 15.89*% | 022 -3.94 4.69
47. | Usar 3 xPusa Basmati-1 9.83 11.21 9.83 826 041 826 | 432 | -7.89** | 039
48. | Usar 3xNDR 359 640 640 5.08 238 238 | 1292 |-7.17%*| -717%*% | 117

Table 1 Contd....
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S. | Crosses 1000-grain weight (g) Biological yield/plant (g Harvestindex (%)
No. BP SV, SV, BP SV, SV, BP SV, SV,
1. | IR82571 xCSR 36 -7.15 -16.52 26.80 6.65 |-2022**25.67*% -1.18 |-23.36**| 154
2. | IR 82571 xPusa Basmati- 1 440 -6.14 42.57 562 |-32.94**% 562 | 10,00 | -14.69* | 13.03
3. | IR82571 xNDR 359 -1159 | -11.59 3428 30.19%*]-30.19**| 997 | -0.06 006 |3241**
4. | NDRK5088 xCSR36 11.06 4.64 5894 10.70 |-17.19 **|30.45** 1445 |-20.26%*| 5.65
5. | NDRK 5088x Pusa Basmati- 1 -13.62 | -18.60 23.63 | -1348 |[-45.07**| -1348 | 450 |-21.13**| 450
6. | NDRK5088x NDR -6.94 -0.94 41.35 -3.15 315 p2.55"*F 513 513 |39.28**
7. | PokkalixCSR 36 -2783 | -3852 -0.61 541 | 21.15%% | 24.20" |-36.23**| -40.86** | -21.64*
8. | Pokkali xPusa Basmati-1 147 -17.78 2488 | -1399 [39.95**| 541 | 11.06 300 |3646%*
9. | PokalixNDR 359 DASA2** | 24542%*% |424.65%* | 942 942 |42.68** -0.55 055 |31.76%*
10. | CSR 13 xCSR 36 -8.29 -832 3925 |50.00%* | 12.21* |70.75%* 021 474 | 26.21*%*
11. | CSR 13 xPusa Basmati-1 2199 | 2202 1844  |39.56** | -10.63 * |40.76** -11.12 | -15.15* | 1242
12. | CSR13xNDR 359 9.05 9.05 38.15 -8.61 -8.61 |43.95%%-19.27**| -19.27**|  6.96
13. | T-3xCSR 36 2840 9.39 66.14 486 |-28.83**| 12.10 |-20.17**| -24.02**| 0.66
14. | T-3 xPusa Basmati-1 25.18 -3.59 4644 | 86.1 ** | 18.16%* |86.11**% 9.18 | -13.57* | 1452
15. | T-3xNDR 359 -1875 | -18.75 2341 |31.66%*|-31,66**| 76 | -1129 | -1129 | 17.54*
16. | IR79218-6 xPusa Basmati-1 -6.10 9.65 3723 [41.82**| 6,75 |68.15%*% -2976 |-27.38%*| -3.78
17 | IR 79218 xBasmati-1 -5.67 924 37.85 8.68 |-18.20**28.85°*%-26.20**| -23.70**| 1.10
18. | IR79218 xXNDR 359 -8.16 -8.16 3949 [:32.94%*|-32.94** 562 |-17.82%*| -15.03* | 12.57
19. | PakistanBasmati xCSR36 3.59 -11.75 3404. | 668 |-30.19%*| 997 |24.09**| 067 |33.38**
20. | Pakistan Basmati xPusa Basmati-1| 23.89 1.58 5428 |3045%*|-17.19%*%|30.45*% 029 |-19.10**| 7.18
21. | Pakistan Basmati x*NDR359 -1739 | -1739 2547 t45.07**|-45.07 **| -1348 | -19.02" | 19.02** | 7.30
22. | RamrajxCSR36 12.09 451 4504 |31.89** | -133 | 5541 | 19.39* 1.08 |33.92%*
23. | Ramraj xPusa Basmati-1 17.13 -15.57 2824  |24.20%* |-21.15%* |2420** -30.45" | -41.11%* | -21.98*
24. | RamrajxNDR.359 -1843 | -1843 2389 |42.58** |-42.58**| 995 | 334 334 |3691**
25.| CSAR 839xCSR 36 -322 -1349 3141 1254 |-15.81 **|32.61** 31.68** | 6,64 |41.28**
26. | CSAR 839 xPusa Basmati-1 7.72 -3.71 4625 [78.67 ** | 17.47 **|85.03**% 12.67 -8.75 |20.89**
27. | CSAR839xNDR 359 -1780 | -17.80 24.85 9.02 9.02 [4331*% 973 9,73 |19.60**
28. | IR79495-9-3-2-2 xCSR36 -544 9.18 37.94 12.66 -8.61 |43.95%%-21.58**| -21.80** | 3.61
29. | IR79495-9-3-2-2 xPusa Basmati-1 | 833 4.05 5804 | -1226 |-28.83**| 12.10 |-23.71**| 23.93** | (.78
30. | IR79495-9-3-2-2xNDR 359 097 097 5041 |18.16 **| 18.16%* |86.11** -16.01* | -16.0* | 11.28
31. | Pusa Sugandha-3dhaxCSR36 4.17 -18.36 24.00 -8.65 |-31.66**| 764 | -3.78 958 | 19.80*
32. | Pusa Sugandha-3dha xPusa 13.64 -10.59 35.81 68.15 6.75 |68.15%%-25.74%*| -30.22** | -7.55
Basmati-1
33. | Pusa Sugandha-3dha xXNDR 359 | -10.14 | -10.14 3649 118,20 **|-18.20 **|28.85%*-19.53**| -19.53** |  6.62
34.| PS5xCSR36 549 -0.34 4225 | -1036 |-32.94**| 562 |-19.32%*| -12.02 | 1657
35. | PS 5 xPusa Basmati-1 0.75 -11.88 33,8a 997 |-30.19** 997 | 7122 1.18 | 34.05%*
36. | PS5xNDR 359 5.80 5.80 60.69 17.19 **|-17.19 **|30.45%*-23.23**| -1627 | 1093
37. | FL478 xPusa Basmati-1 -2254 | -18.88 2321 +26.58 ¥*|-45.07 **| -1348 | 227 | -15.52* | 11.93
38. | FL 478 xPusa Basmati-1 -11.21 -7.02 4122 [46.62**| -691 |46.62**% 1434 554 | 25.15%*
39. | FL478 xNDR 359 -17.70 | -13.81 3091  }21.15**|-21.15 **|24.20*%*-38.26%*| -3826 | -18.20*
40. | Sarjoo 52 xCSR 36 9.89 -17.17 2581 2641 **|-42.58**| 955 |2335%*| 590 [4031**
41. | Sarjoo 52 xPusa Basmati-1 =127 -14.76 2947 790 |-15.81*%|32.61%% 24.42%* | 682 |41.52%*
42. | Sarjoo 52 xNDR 359 -4.90 -4.90 ¢ 4445 |17 A7 | 1747** |85.03** 4.52%* | 452 |26.51**
43. | CSR30xCSR36 -2.19 -16.67 2656. 21.62**%| -902 |4331*%% 051 -144 | 22.63**
44. | CSR 30 xPusa Basmati-1 36.31 9.59 3732 [4395**| -861 |43.95%%-19.95%* -26.28%*| -233
45. | CSR30xNDR 359 9.58 9.58 6644 128,83 **|-28.83 **| 12.10 |-25.98%*| -25.98** | -1.92
46. | Usar 3xCSR 36 820 -3.36 46.79 [56.76 ** | 17.27 **|84.71**% 889 -1044 | 18.66*
47. | Usar 3 xPusa Basmati-1 -831 -18.11 24.39 =714 1-31.66**| 764 | 13.11 697 |23.26%*
48. | Usar 3xNDR 359 933 933 3772 6.75 6.75 |68.15%% 27.03*%*| 2703 | -332
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S. | Crosses Grain yield/plant (g) Kernel length (mm) Kernelbreadth (mm)
No. BP SV, SV, BP SV, SV, BP SV, SV,
1. | IR82571 xCSR 36 21.65*% |-37.02** | 31.44** | -195 -7.52% | 520 6.82 478 10.22*
2. | IR 82571 xPusa Basmati-1 17.76 | -43.57** 17.76 245 483 245 | 2338%* | 999* | 27.30*
3. | IR82571 xXNDR 359 -30.81%*% | -30.81** | 44.40** | 1.59 1.59 4.13 -5.07 -5.07 9.88*
4. | NDRK5088xCSR36 26.42%* | -34.55%* | 3559*%* |13.56%* | 712 | 9.80%*|-19.39%*| -11.58**| 235
5. | NDRK 5088x Pusa Basmati-1 -11.55 | -57.62%% | -11.55 |15.51%*% | 12.69** | 1551 |-21.90%*| -14.33**| -0.84
6. | NDRK5088x NDR-359 2.15 2.15 113.20%*| 3.68 3.68 6.28 -9.89 -1.16 | 1441%*
7. | PokkalixCSR 36 -28.14%* | -53.19** 231 |38.58** | 30.71%* |33.98%**|-19.17*%*| -23.73** | -11.73*
8. | Pokkali xPusa Basmati-1 =737 |-39.66** | 2593* | 423 1.69 423 |-15.34**%| -20.12** | -7.54
9. | PokalixNDR 359 -1034* | -10.34% | 87.12%** |18.52%* | 18.52** |21.48** -23.01 |-23.01**| -10.89*
10. | CSR 13 xCSR 36 79.13** 7.83 125.04*%*% | 042 -5.28 -291 4.57 -724 7.37
11. | CSR 13 xPusa Basmati-1 33.47%*% | -19.66%* | 67.67** | 724 4.63 7.24 7.11 -6.22 8.54
12. | CSR13xNDR 359 -25.40%* | -25.40%* | 55.70** |40.02** | 40.02** |43.52**|-19.25%*| -19.25%* | -6.53
13.| T-3xCSR 36 1573 |-40.09** | 25.04* | -0.05 -3.09 066 | 473 -7.09 7.54
14. | T-3 xPusa Basmati-1 113.50%% | 2.30 113.50%%|20.05%* | 17.12** |20.05** 22.61** | 593 |22.61**
15. | T-3xNDR 359 -43.40%* | -43.40** 18.12  |14.83** | 14.83** |17.70** 1.30 130 | 17.25**
16. | IR79218-6 xPusa Basmati-1 072 |-22.82** | 61.08** | 591 -0.10 240 |-31.95%%| -33.43**|-22.95%*
17 | IR 79218 xBasmati-1 -18.35%*% | -36.52** | 32.49** | 4.29 -1.84 439 | -2.66 4.78 10.22*
18. | IR79218 xXNDR 359 -43.80%* | -43.80** 17.30 478 478 240 | 10.13* | 10.13* [2747**
19. | PakistanBasmati xCSR36 34.62%* | -3031%*% | 4545** | 050 -0.50 1.99 7.34 478 10.21*
20. | Pakistan BasmatixPusa Basmati-1 | 38.60** | 33.59** | 38.60%** | 722%* | 722%* |.900** 201 |-11.87**| 201
21. | Pakistan Basmati x*NDR359 56.46%* | 548** 9.13 202 | 13.54%* | 16.38* |-14.76**| 14.76** | -134
22. | RamrajxCSR36 94.61*% | 075 110.27**| 9.71* 348 6.07 | 11.75* 087 | 14.74**
23. | Ramraj xPusa Basmati-1 265 |-53.35%* 2265 |3L.O7*% | 27.87%* |31.07** -12.23* | -24.17** |-12.23**
24. | RamrajxNDR.359 -41.45%% | A41.45%* | 2220% | -124 -124 1.22 |-19.10%*| -19.10**| 6.37
25.| CSAR 839xCSR 36 70.68**% | 972 88.42%* | 875% | 1822%* |21.17*%-13.21**| -23.01** | -10.89*
26. | CSAR 839 xPusa Basmati-1 100.84** | 623 121.71%*% F13.37%*%| -582 347 8.38 -6.37 8.38
27. | CSAR839xNDR 359 17.00%* | -17.00%* | 73.21** | 0.09 8.81* |11.53** -521 -521 9.72%*
28. | IR79495-9-3-2-2 xCSR36 -1.84 -27.74 50.82** 149.39%* | 40.92** | 44.44* |-12.11**| -19.10** | 637
29. | IR79495-9-3-2-2 xPusa Basmati-1 | 18.84** | 40.26** | 24.69** | -0.61 -3.04 -0.61 1.73 -6.37 8.38
30. | IR79495-9-3-2-2xNDR 359 -0.60 -0.60 107.46%* |16.87** | 16.87** [19.80** 521 521 | 21.78**
31. | Pusa Sugandha-3dhaxCSR36 1123 |-42.42%* 20.18 |20.17** | 13.59 1643 | 815 1.74 | 17.76**
32. | Pusa Sugandha-3dha xPusa 44.55%% | -25.77*%% | 54.92%*% | 1.63 085 |1643*%-2923%%*| -33.43%* |22 95%*
Basmati-1
33. | Pusa Sugandha-3dha xNDR 359 |-33.06** | -33.06** 39.72 -040 -040 209 | -2.89 289 | 1240*
34. | PS5xCSR 36 572 | -41.81%* 2144 |-24.63**| 025 224 |24.80%*%| 10.71* |28.14**
35. | PS 5 xPusa Basmati-1 27.26%* | -29.96%* 4618 |-24.48**| -0.05 245 | 1541**%| 029 |1541**
36. | PS5xNDR359 -31.27%% | 31.27** 4345 |-16.66**| 10.30** | 13.6** |-11.00%*| -11.00**| 3.02
37. | FL 478 xPusa Basmati-1 -1228 | -54.59** =522 |19.74%% | 12.94** |15.77** -6.60 |-14.04**| -0.50
38. | FL 478 xPusa Basmati-1 L71** | -12.94%* 8171 [12.04** | 931* |12.04** 7.86 072 | 1491%*
39. | FL478 xXNDR 359 SS117%F | S5117** 1.92  |28.97** | 28.97** |32.19%*-23.44**| -23.44** | -11.39*
40. | Sarjoo 52xCSR 36 950 |-39.95%* 2533 -1.18 0.35 2.86 |-21.70**| -17.51**| 452
41. | Sarjoo 52 xPusa Basmati- 1 3631%*% | 955 88.77** |18.82%* | 20.66** |23.67*%-32.83**| -29.23** |-18.09**
42. | Sarjoo 52xNDR 359 11.16* | 11.16% [131.99**| 691 -548 301 |-11.13**| 637 8.38
43. | CSR30xCSR36 64.44%% | -14.87%F | 77.67** |12.96%* | 13.64** |1648** -5.17 449 | 10.55*
44. | CSR 30 xPusa Basmati-1 41.65%* | -32.13*%* | 41 65%* |42.21** | 43.06%* |46.63** -5.17 449 | 10.55*
45. | CSR30xNDR 359 -41.23%% 1 41.23** | 2265*% | 030 0.90 342 | -503 434 | 10.72*
46. | Usar 3xCSR 36 76.74%% | 498 119.09%* |2338%* | 16.38** [19.29** 30.67** | 15.92** | 34.17*
47. | Usar 3 xPusa Basmati-1 -0.16 [-40.70** | 23/77* |15.92%* | 13.09** |15.92** 23.62** | 6.80 |23.62*%*
48. | Usar 3XxNDR 359 -2237%% | -22.31** | 62.13%* | 329 -3.29 -0.87 |-32.27**| -32.27%*% |-21.61**
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S. | Crosses L:B ratio Kernellength after Kernel elongation ratio
cooking (KLAC)

No. BP SV, SV, BP SV, SV, BP SV, SV,

1. | IR82571 xCSR 36 -14.53* | 994 -20.24%* |9.90%* |-14.91%* 1.27.74*4-12.02%*| -835%* |-23.96**
2. | IR 82571 xPusa Basmati-1 -28.95%* | -19.77%% | -28.95%* 124 48%** | -11.07** |-24.48*%-24:44**| 651 |-22.44**
3. | IR§2571 xNDR 359 -2.86 -2.86 -13.97* F1536%* |-15.36%* |-28.12%4-20.03**| -16.69** |-30.89**
4. | NDRK5088xCSR36 0.65 6.06 -6.07 -1.58 | -7.06%* 121.07*%-23.68%%| -13.36%** |-26.12**
5. | NDRK 5088x Pusa Basmati-1 5.16 18.74%* 5.16 -161 | 1586** | -1.61 |-14.82%%| 267 |-14.82%**
6. | NDRK5088x NDR-359 434 434 -1528** | -6.78* | -6.78* 1-20.84*% -2059 | -9.85% |-2521**
7. | PokkalixCSR 36 49.57 ** | 57.60%* | 39.57** |3045%* | 23.19%* | 4.62** | -599 -568 |-21.75%*
8. | Pokkali xPusa Basmati-1 223 1543* 223 128.40%* |-15.69** |28.40%4-31.60**| -17.03** |-31.16**
9. | PokalixNDR 359 47.20%* | 4720%*% | 3036** |1546** | 1546** | -195 | 250 217 |-18.84%*
10. | CSR 13 xCSR 36 -1529** | -1006  |-20.34** | 432 | -7.78%* |-21.69*% -596 250 |-19.11%*
11. | CSR 13 xPusa Basmati-1 -172%% | 651 -17.21%% | 6.57%* | 2549%* | 6.57** | 499 | 14.52%* | 4,99**
12.| CSR13xNDR 359 57.37*%% | 67.09** | 47.98%* | 8.65%* 8.65 |-7.73%*|-25.12%%| -22.37** |-35.60**
13.| T-3xCSR 36 -21.31%* | 21051 |-20.75%* [28.34** | -16.68** |-129.25%%-28.37**| -14.02** |-28.67**
14. | T-3 xPusa Basmati-1 13.17* -126 -12.55%* |28.76%** | -16.11%* 1. 28.76*%-40.44%* | -28.21** |-40.44**
15. | T-3xNDR 359 -10.15 2.17 951 | -5.92*% | 938** |-7.12%*|-20.58**| 467 |-2091**
16. | IR79218-6 xPusa Basmati-1 16.05%** | 2220** 830  |-9.34%* |-12.82%*1.25.96%%-19.20%*| -12.69** |-27.56**
17 | IR 79218 xBasmati-1 -10.63* 091 -10.63* 126.94** | -13.97%* |.26.94*4-29.78%*| -15.36** |-29.78**
18. | IR79218 xXNDR 359 -19.54%** | -19.54** | -28.74** L11.07** | -11.07** |-24.48*%-13.58**| -651 |[-22.44**
19. | PakistanBasmati xCSR36 -36.57** | -3.09 -14.17%* |32.41%* | -15.14%* 1.27.93%4-21.26%* | -14.69** |-29.22**
20. | Pakistan BasmatixPusa Basmati-1 |-30.59** | 6.06 -607 125.90** | -6.96% [20.99*4-27.98 **| -13.19%* |-27.98**
21. | Pakistan Basmati x*NDR359 -22.06** | 19.09** 547 |-7.63%% | 1599** | -150 | -5.70 217  |-15.24**
22. | RamrajxCSR36 -1340* | 4.69 -15.59** | -1.16 -6.66* |20.73*%4 -9.83* | -9.68* |-25.07**
23. | Ramraj xPusa Basmati-1 39.57%*% | 57.60** | 39.57%*% | 521* | 23.89** | 521* |-19.53*%*%| 301 |-19.53**
24. | RamrajxNDR.359 249 12.80* -0.10  }F15.61%* | -15.61** |-28.34*%-14.69%* | -14.69** |-20.22%*
25.| CSAR 839xCSR 36 3.14 | 4629** | 20.55%* | 060 | 1556**| -1.85 | -8.27* -184 |-18.56**
26. | CSAR 839 xPusa Basmati-1 -37.15%* | -10.86  |-21.05%** [21.58** | -7.66** |-21.58*%-18.70**| -2.00 |[-18.70**
27. | CSAR839xNDR 359 -27.07** | 343 -840 |12.57*% | 30.87** |11.14** 12.64** | 20.53** | 0.00

28. | IR79495-9-3-2-2xCSR36 56.29%* | 64.69** | 45.85%* |15.08%* | 8.68** |-7.71%%|-31.00%*| -22.70%** |-35.87**
29.| IR79495-9-3-2-2 xPusa Basmati-1 | 21.36%* | -1120 |-21.36** {29.16™* |-16.58** |-129.16*%-28.53**| -13.86** |-28.53**
30. | IR79495-9-3-2-2xNDR 359 091 091 -1225% +16.01%** | -16.01%* |-28.67*%-35.92%%| -28 21** |-40.44**
31. | Pusa Sugandha-3dhaxCSR36 -3.58 1.60 -1002 t15.81**| 9.40 ** | 7.09% [-29.98%*| -3.67 |-20.08**
32. | Pusa Sugandha-3dha xPusa 759 | 21.49** 7.59  }32.80%* |-12.67%* |-25.84*%-35.92%*| 11.85% |-26.87**

Basmati-1

33. | Pusa Sugandha-3dha xXNDR 359 | -2.96 274 -13.87% 132.60%* | -12.42%% .25.62%4-36.04** | -12.02** |-27.01**
34. | PS5xCSR 36 -51.42%% | -19.77%% | -28.95%* L15.09%* | -12.02%** |-25.29%*%-11.83**| -11.69** [-26.73**
35. | PS 5 xPusa Basmati-1 -4533** | 971 -20.04** }27.06** | -14.11** .27.06%4-28.67** | -14.02** |-28.67**
36. | PS5xNDR359 -35.78** | 6.06 -607 |-929%*% | -6.01* }-20.18*%-14.86**| -14.86** |-29.36**
37. | FL478 xPusa Basmati-1 1236 | 18.40** 486 [2226** | 1546** | -195 | 240 200 |[-15.37**
38. | FL478 xPusa Basmati-1 -12.04* | 0.69 -12.04* 121.07**| -7.06** |-21.07*%-29.09%* | -14.52** |-29.09**
39. | FL478 xXNDR 359 54.74%* | 54.74** | 37.04%*% 24.11%* | 24.11** | 540* | -7.67* -351  |-19.94%*
40. | Sarjoo 52xCSR 36 6.94 12.69* 020 |-834%* |-13.44%** 1.26.49*4-13.67**| -13.52°%* | -28.25%*
41. | Sarjoo 52 xPusa Basmati-1 38.46%* | 56.34** | 3846%* | -184 | 1559**| -1.84 |-20.08%*| -3.67 |-20.08**
42. | Sarjoo 52 xNDR 359 11.77 -11.77 21.86** | -5.89* | -5.89* }20.08*% -0.50 050 |-17.45%*
43. | CSR30xCSR36 1.63 7.09 516 |17.33%% | 31.67%* |11.82%* 374 | 15.86** | -3.88

44. | CSR 30 xPusa Basmati-1 47.67** | 66.74** | 47.67** 11.80%* | 3.87 [11.80%%-45.98%*| -34.89%** |-4598**
45. | CSR30xNDR 359 -1051 -1051  |-20.75%% 122.20%% [ -12.69%* |25.86%%-22.42°%*| -13.36%*|-28.12**
46. | Usar 3xCSR 36 -19.39** | 6.86 -17.51** }10.01%** | -15.01%* |-27.83*%-39.72%%| -27.05%** |-39.47**
47.| Usar 3 xPusa Basmati-1 -12.17* 149 -10.12  |-6.16*%* | 10.50** | -6.16* |-19.17**| 217 |-18.84**
48. | Usar 3xNDR 359 6.13 | 22.63** 8.60  13.19%** | 13.19%** .26.28*%-25.93%*| -10.35%* |-25.62**
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Table 2: Relationship of positive and significant standard heterosis over SV, (NDR 359) and SV, (Pusa Basmati-1) for grain yield
per plant with standard heterosis for other characters.

SV,

Characters Grain Days of | Plant | Panicle | Panicle | Spikelets/ | Spikelet | 1000 | Biological | Harvest
yield/ 50% height | bearing | length | panicle | fertility | grain yield/ index
plant | flowering | (cm) | tillers/ (cm) (%) | weight plant (%)

Crosses plant (9) (9)

Sarjoo-52 xNDR-359 11.16 + - - 0 - - + -

Characters Kenrnel Kernel L::B ratio Kernel Kernel
length breadth length elongation
(mm) (mm) after ratio
Crosses cooking
(KLAC)
Sarjoo-52 XNDR-359 - - - - -

Table 3: Most promising crosses based on mean performance, heterobeltiosis and standard heterosis (SV, and SV,) for grain yield/

plant.

S.No. | Crosses Perseperformance | Heterosis over BP | Heterosis over SV, Heterosis over SV,
1. | Sarjoo-52 xNDR 359 43.53 11.16 1115 131.99
2. | CSR13xCSR36 4223 79.13 7.83 125.04
3. | CSAR839-3xPB-1 41.60 100.84 6.23 121.71
4. | Usare-3xCSR-36 41.11 76.74 4.98 119.09
5. | T-3xPB-1 40.06 113.50 230 113.50
6. | NDRK5088*xNDR 359 40.01 215 215 113.20
7. | RamRajxCSR 36 39.46 94.61 0.75 11027
8. | IR79495-9-3-2-2xNDR 359 389 -0.60 -0.60 107.60
9. | Sarjoo 52 xPB-1 3543 3631 9.55 88.77
10. | CSAR 839-3xCSR 36 3536 70.68 9.72 88.42

was found in some lower yielding crosses other compared
to other crosses which have displayed high yield. This
suggested that white selecting the best hybrid besides
the heterotic response over parent, the mean performance
of the crosses showed also be given due to consideration
since, heterosis estimate results from F -BP and depends
more or less on the mean of the parents in question, there
is every possibility of getting a cross with lower mean
performance but high heterotic responses. In case of
parental performance it’s very poor. On the contrary, there
can be a cross with high mean performance being the
realized value and the heterotic response being an
estimate, the farmer should be given due to consideration
while making selection of cross combinations especially
when objective is to identify a hybrid for commercial
cultivation as in present case. In this context the most
desirable crosses showing high mean performance and
high and significant heterosis of one or both types for
grain yield per plant were Sarjoo 52 xNDR 359, CSR
13xCSR 36, CSAR 839-3 xPB-1, Usar-3 xCSR-36, T-
3xPB-1, NDRK 5088 xXNDR 359, Ram raj xCSR 36, IR

79495-9-3-2-2 xNDR 359, Sarjoo 52 xPB-1 and CSAR
839-3xCSR 36 as listed in table 5.8. the cross Sarjoo
52 xNDR 359 showed highest mean performance (43.53
q), standard heterosis over SV, (11.16%) and SV2
(131.99) for grain yield per plant while highest yielding
parent, NDR 359 (39.16 g).

References

Anonymous (2018). Food and Agriculture Organization of the
United Nations Error! Hyperlink reference not valid. (1*
April, 2020)

Anonymous (2018a). Agricultural Statistics, Directorate of
Economics and Statistics, Department of Agriculture,
Cooperation & Farmers Welfare, Ministry of Agriculture
& Farmers Welfare, Government of India.

Banumathi, S., K. Thiyagarajan and P. Vaidyanathan (2003).
Study on magnitude of heterosis of rice hybrids for yield
and its components. Crop Res., 25(2): 287-293.

Bhandarker, S., N.K. Rastogi and K. Arvind (2005). Study of
heterosis in rice. Oryza, 42(3): 218-119.

Bisne, R., N.K. Motiramani and A.K. Sarawgi (2008). Evaluation



Exploitation of Heterobeltiosis and Economic Heterosis for Yield and its Component Traits in Rice

of standard heterosis in hybrid rice. Advances in Plant
Sciences, 21(1): 155-156.

Eradasappa, E., K.N. Ganapathy, R.G. Satish, J. Santhala and N.
Nandarajan (2007). Heterosis studied for yield and yield
components using CMS lines in rice. Crop Res., 34(1,
2&3): 152-155.

Janardanam, V., N. Nandrajan and S. Jebaraj (2001). Study on
heterosis in rice. Madras Agri. J., 88(10-12): 721-723.

Joshi, B., H. Singh and M.P. Pandy (2004). Study of heterosis
and inbreeding depression in rice. Oryza, 41(2 & 4): 64-
65.

Moll, R.N., W.S. Sathawana and H.F. Robinson (1962). Heterosis
and genetic diversity in varietal crosses of Maize. Crop
Sci., 2: 197-198.

Rashid, M., A.A. Cheema and M. Ashraf (2007). Line X Tester
analysis in Basmati Rice. Pakistan J. Bot., 36(6): 2035-
2042.

Rosamma, C.A. and N.K. Vijayakumar (2005). Heterosis and
combining ability in rice hybrid in developing for Kerala

4563

state. Indian J.Genet., 65(2): 119-120.

Roy, S.S., B.K. Senapati, S.P. Sinhamahapatra and K.K. Sarkar
(2009). Heterosis for yield and quality in rice. Oryza, 46
(2): 87-93.

Satya, A., G. Kandasamy and J. Ramalingam (1999). Heterosis
in hybridrice. (O. sativa L.). Crop Res., 18(2): 243-246.

Singh, N.K., A K. Singh, C.L. Sharma, P.K. Singh and O.N. Singh
(2007). Study of heterosis in rice using line xtester mating
system. Oryza, 44(3): 260-263.

Sitaramaiah, K.V., V.D. Rani and N.S. Reddi (1998). Standard
heterosis of rice hybrids for yield and yield components.
IRRN, 23(2): 15.

Vishwakarma, D.N., D.M. Maurya, S.K. Mishra, GP. Verma, R.
Kumar and K. Kumar (1998). Heterosis studies inrice using
CMS system. Ann. Agric. Res., 19(4): 370-372.

Vishwakarma, D.N.,D.M. Maurya, GP. Verma, S.R. Vishwakarma
and K. Kumar (1999). Heterosis for yield components in
rice hybrids. Indian J. Agric. Sci., 69(7): 530-532.



