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Abstract: The present investigation was undertaken with a view to generate genetic information on heterosis and inbreeding depression for grain yield and its component traits in
four hybrid of rice (Oryza sativa L). Hybrids showed higher mean performance than their parents for almost all the characters. Both positive and negative heterosis were observed
amongst the hybrids. The expression of heterosis varied with the crosses and characters. Two crosses Gurjari x IR - 64 was identified for exploitation of heterosis and to isolate
desirable segregants in later generations. Grains per panicle played important role in the expression of heterosis.
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Introduction

In plant breeding programme, exploitation of heterosis is vital and considered to
be one of the greatest outstanding achievements [1]. The expression of heterosis
varied with the crosses and also with characters [2]. To know the potentiality of
hybrids, the magnitude and direction of heterosis are important [3]. The magnitude
of heterosis depends on the degree of genetic distinctiveness of the parental lines
used [4] while, both positive and negative heterosis is useful for crop
improvement, depending on objectives of the breeding. The hybrid vigour is the
manifestation of heterosis which is percent increase (positive) or decrease
(negative) in the average performance of hybrid or cross over the mid-parent
(relative heterosis), better parent (heterobeltiosis) and the check variety
(standard/useful heterosis). Hybrid rice technology aims to increase the yield
potential of rice beyond the level of inbred high yielding varieties (HYV) by
exploiting the phenomenon of hybrid vigour or heterosis. Since most of the tropical
rice growing countries have a high population growth ratio and limited land for rice
cultivation, there must be an increase in the production per unit area in order to
obtain food security. Hybrid rice is one of the most time-tested tools for meeting
this objective. In the present study, investigation was undertaken to assess the
extent of exploitable heterosis in hybrid rice involving six parents and their four
hybrids.

Material and Methods

The experimental materials consisted of six parents viz., Gurjari, NWGR-7028, IR-
64, IET-20575, GR-7 and NWGR-7064 among which four crosses namely Gurjari
x NWGR - 7028, Gurjari x IR - 64, Gurjari x IET - 20575 and GR - 7 x NWGR -
7064 were carried out. The experimental material consisting of four families, each
having five generations (P1, P2, F1, F2, and F3) was grown in nursery during 15
June, 2012 at Main Rice Research Station, Nawagam in Gujarat. The final
experimental material was planted during 15 July, 2012 in compact family block
design with three replications, whereas, different generations viz., P1, P2, F1, F2,
and F3 of each family represented individual experimental unit within family. The
individual replication was represented by four family blocks, one row each of P1,

P2 and F1, four rows each of F2 and F3 generation. Total 12 plants were
accommodated in each row. The intra and inter row spacing was 15 cm and 20
cm, respectively. All the recommended agronomical practices and plant protection
measures were followed as and when required for raising good crop. The data
were recorded on 10 plants per replication in parents and F1's and 40 plants per
replication in F2's and F3's for the character days to flowering initiation, plant
height (cm), panicle length (cm), number of productive tillers per plant, number of
total grains per panicle, test weight of 1000 - grains (g), grain length (mm), grain
breadth (mm), L: B ratio, grain yield per plant (g), straw yield per plant (g) and
harvest index (%). An individual observation of each generation of each family
was considered for statistical analysis. The heterotic effects in term of superiority
of F1 over better parent (heterobeltiosis) as per Fonseca and Patterson (1968);
over mid parent value (relative heterosis) as per Tumer (1953); and inbreeding
depression was worked out as loss in vigour due to inbreeding and difference
between mean of F1 and F2.

Results and Discussion

The perusal of results of relative heterosis, heterobeltiosis and inbreeding
depression are presented in [Table-1]. The heterosis over mid parent was found
significant in desired direction for all the characters except days to flowering
initiation and grain breadth in cross | (Gurjari x NWGR - 7028); for plant height,
No. of productive tillers per plant, No. of total grains per panicle, grain yield and
harvest index in cross Il (Gurjari x IR - 64); for days to flowering initiation, plant
height, No. of productive tillers per plant, No. of total grains per panicle, grain yield
and straw yield in cross Il (Gurjari x IET - 20575); for panicle length, number of
total grains per panicle, test weight of 1000 - grains, grain yield per plant, straw
yield per plant and harvest index in cross IV (GR - 7 x NWGR - 7064). Significant
heterobeltiosis in desired direction was observed for number of productive fillers
per plant, number of total grains per panicle, test weight of 1000 - grains, grain
yield per plant, straw yield per plant and harvest index in cross | (Gurjari x NWGR
- 7028); for number of productive tillers per plant, number of total grains per
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Table-1 Relative Heterosis (RH %), heterobeltiosis (HB %) and inbreeding depression for various characters in four crosses in rice

Characters

Gurjari x NWGR - 7028

Gurjari x IR - 64

RH (%)  HB (%)  ID(%) | RH(%) @ HB (%)
Days to flowering initiation -0.04 218" | -1.04 0.37 5.41*
(0.61) (0.72) | (0.63) (0.59) (0.67)
Plant height 559 | 1137 | -1.07 5.98* 6.58™
(1.21) (1.38) | (1.27) (1.84) (2.28)
Panicle length 519" | 1.69 0.99 -1.06 -1.65
(0.29) (0.34) | (0.28) (0.33) (0.40)
No. of productive tillers per plant 2465 | 2441™ 1962 3578 | 21.87™
(0.56) (0.65) | (0.51) (0.62) (0.68)
i ; 26.89" | 1549 | 1.92 30.55™ | 21.26*
No. of total grains per panicle (3.98) (4.58) (367) (3:30) 434)
Test weight of 1000 - grains 17.19* | 9.22* 481 1.45 -1.79
(0.98) (1.05) | (0.96) (1.06) (1.38)
Grain length 6.74* | -1.08* | -0.31 539" | -9.55"
(0.13) (0.15) | (0.14) (0.14) (0.21)
Grain breadth -0.50 -5.92 3.72 2.54 -10.84*
(0.08) (0.09) | (0.08) (0.07) (0.08)
LB ratio 7.93 5.65 517 -10.34* | -24.68**
(0.12) (0.14) | (0.13) (0.11) (0.15)
o 29.21% | 21.91* | -1.56 4223 | 2845
Grain yield per plant (149) (172 (134) (1.56) (1.80)
Straw yield per plant 18.82** | 14.09* | 3.14 38.94 26.90*
(1.22) (1.60) | (1.05) (1.31) (1.60)
Harvest Index 13.07** | 1244 429 60.06™ | 4546
(1.71) (2.03) | (1.32) (2.32) (2.66)

Gurjari x IET - 20575 GR- 7 x NWGR - 7064
ID(%) RH(%) HB(%) ID(%) RH(%) HB(%)  ID (%)
406 | -343* 146 | 096 7547 | 836 | 026
(0.79) | (0.81) | (0.86) | (0.83) | (0.69) | (0.74) | (0.80)
2.35 739% | 1260% 562 048  359%  -051
(166) (205  (253)  (187)  (158) | (1.91)  (146)
464 028 | 818 | -394 | 9227 | 538 3.98*
(0.32) | (044) | (0.54) | (042) | (059) | (0.77) | (051)
2300° | 34.02% 234" 1705  -1850%  -2064" 3.94
(0.60)  (0.57)  (060)  (059)  (0.46)  (0.57)  (0.43)
300 | 2984 1838 | 471 | 3041% | 1836% | -3.76*
(415) | (246) | (312) | (245) | (263) | (355) | (2.35)
747 498 711 445 863* 423 589
(1.01) (1020  (1.38) (093  (0.81)  (0.94)  (0.78)
429% 109 | 273 239 | 205 306 | -0.90
(042) | (0.14) | (020) | (0.12) | (0.14) | (021) | (0.11)
858% 377  -1674* 524 063 026" 1.04
(0.07)  (008)  (0.09)  (0.08)  (0.83)  (0.09)  (0.08)
1529 | 324 -1330" 244 2.74 376 113
(042) | (0.14) | (018) | (0.14) | (0.14) | (0.15) | (0.14)
A1822% 2152  1505% | 1759  2822% | 1239* | -13.77*
(160)  (163)  (1.88)  (149) | (1.73) | (1.31) (140
1276% | 4278  2600% 743 3330% | 2130% | -098
(121) | (1220  (146) | (114) | (127) | (154) | (1.14)
1163*  -309 684  -701*  974* 369 2.09
227) (195  (243) | (153)  (145) | (179) (129

panicle, grain yield per plant, straw yield per plant and harvest index in cross I
(Gurjari x IR - 64); for number productive illers per plant, number of total grains
per panicle, grain yield per plant and harvest index in cross Ill (Gurjari x [ET -
20575); for number of total grains per panicle, grain yield per plant and straw yield
per plant in cross IV (GR - 7 x NWGR - 7064). Several research workers have
also reported heterosis in desired direction for various characters in rice like days
to flowering initiation, number of grains per panicle, test weight of 1000 grains and
grain yield per plant. Similar results were reported by scientist [5-10]. High
inbreeding depression for grain yield and its component traits is undesirable in rice
crop as vigour decline from generation to generation and delay the development
of inbred lines. The estimates for inbreeding depression was found significant but
negative for none of the characters in cross | (Gurjari x NWGR - 7028); for grain
length, L:B ratio and grain yield per plant in cross Il (Gurjari IR - 64); for panicle
length, No. of total grains per panicle, grain yield per plant and harvest index in
cross Il (Gurjari x IET - 20575); for No. of total grains per panicle and grain yield
per plant in cross IV (GR - 7 x NWGR - 7064). The crosses with significant and
positive inbreeding depression was observed for No. of productive tillers per plant
in cross | (Gurjari x NWGR - 7028); for No. of productive tillers per plant, grain
breadth, straw yield per plant and harvest index in cross Il (Gurjari x IR - 64); for
plant height and No. of productive tillers per plant in cross lll (Gurjari x IET -
20575); for panicle length in cross IV (GR - 7 x NWGR - 7064). The significant
and positive inbreeding depression was reported by Scientists [11-13], which
supports the results obtained in the present study. It is desirable to have high,
significant and positive heterosis with low inbreeding depression for seed yield
and its components. This is equally applicable to developmental traits.

Application of research: Study were undertaken to assess the extent of
exploitable heterosis in hybrid rice involving six parents and their four hybrids.
Significant heterobeltiosis in desired direction was observed for number of
productive tillers per plant, number of total grains per panicle, grain yield per plant,
straw yield per plant and harvest index. Significant negative/negative inbreeding
depression observed for panicle length, number of total grains per panicle, test
weight of 1000 - grains, grain length, L : B ratio and grain yield per plant. The
results suggested that selection of desired recombinants can be done in cross I
(Gurjari x IR - 64).
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