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ABSTRACT

Heterosis over better parent was estimated for yield, its components and quality related traits in 36 rice
hybrids produced in line x tester analysis. The crosses manifesting significant and positive heterosis for
grain yield in the range of 21.33% to 47.43% were Mahamaya/Basmati 370, Abhaya/Dubraj, R 302-
111/Basmati 370, Abhaya/Basmati 370, RP 2151-33-2/ Pusa Basmati-1, RP2151-33-2/ Dubraj, IET 14887/
Basmati 370, Mahamaya/ Dubraj and R 302-111/Taroari Basmati. Parents Basmati 370 and Dubraj were
most frequently involved in high yielding hybrids. Of these crosses Abhaya/Dubraj, RP 2151-33-2/Dubraj

and R 302-111/Taroari Basmati also seemed to be promising for elongation ratio and Mahamaya/Basmatl- -

370 for head rice recovery percentage in addition to grain yield. Significant yield increase in lngh heterotic
hybrids was largely attributed to yield components like harvest index, biological yield plant " $pikelet. .-
density, fertile spikelets panicle " and tillers plant’ All these yield components and quality traits like milling .
%, head rice recovery %, hundred grain weight, kernel length and breadth could be used as selection

criteria for simultaneous imprevement of yield and quality in rice. N
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INTRODUCTION

The exploitation of hybrid vigour appears to be an
appropriate alternative for making further
breakthrough in rice yields. Assessment of heterosis
is an important component of a hybrid rice breeding
programme. Hybrids must be evaluated critically not
only for their yield potential but also for their grain
quality in comparison to the best inbred check
varieties. Grain quality has become very important
for the acceptance of rice varieties and hybrids to be
released. The present studies were carried out to
analyze the extent of heterosis for yield in some
crosses and identify heterotic hybrids with
acceptable grain quality.

MATERIALS AND METHODS

Nine genetically diverse rice cultivars and elite lines
having semi-dwarf, desirable agronomic features
with resistance to major pests and diseases were
crossed as females to each of the four well adaptable
and export grain quality cultivars as pollinator, in a
line x tester design (Kempthrone 1975). Thirty six
ciosses were made during the wet season, 1996.

The F s and parents were grown in the field at the
Research Farm of Indira Gandhi Agricultural

University, Raipur, India during the wet season of

1997 in a completely randomized block design with
two replications. Each plot consisted of a single row

of 3m length with spacing of 20 cm between rows
and 15 cm between:!plants. All recommended
cultural practices were followed to obtain normal

growth of the crop. Observations were recorded on .

ten plants selected randomly from each row for
morphological traits viz., plant height (cm), number "’
of ear bearing tillers plant ', number of fertile
spikelets panicle”, spikelet density, biological yield
plant * (g), harvest index ( %), hundred grain weight
() and grain yield plant " (g). Observations were
recorded on milling %, head rice recovery %, length
and breadth (20 whole milled rice grains were
measured by means of Satake grain shape tester and
the average value was recorded), length and breadth
of cooked kernels (measured in graduated cardboard
using method of Pillaiyar and Mohandoss 1981) and
elongation ratio (determined by soaking 5g whole
milled rice in 12 ml of distilled water for 10 minutes
and later cooked grains for 15 minutes in water bath
and then calculated by dividing the length of cooked
rice by original kernel length). The extent of
heterosis over the better parental values was worked
out for all the morphological and quality traits.

RESULTS AND DISCUSSION

The analysis of variance indicated significant
differences among genotypes for all the traits studied
(Table 1). Estimates of heterosis over better parent
indicated that nine out of thirty six hybrids evaluated
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Table 1. Analysis of variance for Line x Tester analysis. ‘Table 3. Ruange of heterobeltiosis for yield components and physio-chemical
traits.
Characters Meansquares Rangeol Name of
Replication  Line _ Tester LxT Emor 2, .2, ,2./2 Heterobeltiosis crosses for
DE 1 R k] 29____ 35 Chanacrers Min  Max. Min. Max, .
Plantheight 12.2 810.5° 11442  256.9" B4 1108 1243 09 hterobeltiosis heterobeltosis
Earbearing 235 1220 .13 1081 146 018 468 -004 Plantheight 579 64.67 Mshamaya/PusaBasmati-1 Abhaya/Dubraj _
tilless plant” Earbearingtillersplant® 27.78 3333 PR 111/PusaBasmati-1 R 302-111/Pusa Basimai- 1
Numberoffertile 1058 8431°" 15840  2020°* 473 1556 773 2 Fenile spikelets 3093 7908 Abhayw/Taroari Basmati  RP2151-33-2/Taroari
Spikelets/panicle ' . Basmati .
Spikeletdensity 288 123707*° 59B560° 21406"° 4815 52266 205 O Spiketet density 27.62 6944 Mahamaya/Basmati 370 RPIISI-JJ-WPnsmanJm
Biologicalyicld 152 855 M3 86T 2% 289 28 120 Biological yield plant®  25.38 75.50 RP302-111/Pusz Basmati-) Abhaya/Dubraj
ptant’ Harvestindex 11.96 29.54 R302-111/Basmati370 Mlhll'nlyl’Bllsmll'l 370
Harvestindex%  4.63 41581 18668 1789877937 S8 8480 022 Hundredgrain weight  07.22 35.53 RP 106/Dubraj PR i11/Dubraj
100-grain weight  0.02 017" 051" 006" 00062 004 003 113 Grainyield plant” 2133 4743 R302-11)/Taroari Basmati Mshemaya/Basmati 370
Grainyield/plant 211 $86.9°" 5224  1344°° 305 6465 6319 102 Milling % 10.47 - LET 14887/ Taroari Basmati - )
Milling% 03 $663 3218 3080° 116 209 48201 Head RiceRecovery% 0538 24.68 IET 13932/Pusa Basmati-l PR 2151-33-2/Tarosri
Headrice 0.08 97.85 986 5549°° 119 630 271l 0N Basmati
recovery % Elongation ratio 0705 137 RP2151-33-2Taroan IR 64/Dubraj
Kernel length 001 0.25 4017 012 002 031 005 620 Basmati
Kernel breadth 000049 009°° 0072 002 00061 O (ln g,gi ggg ———
Length:breadth ~ 0.0029 048°° 162 010" 0Ol 014 3 . s e ..
- om 002 o grain yield, crosses exhibiting significant and
ion T2t 0.000014  0.02 003 00095 V003 OLY 002 U1 .. . N _
Blongrion o positive heterosis were Mahamaya/Basmati 370 for 5
- = SignificantatP<0.0Sand0 OFlevel, respectively harvest index, spikelet density and head rice :
showed higher yield than their respective better recovery %; Abhaya/Dubraj for biological yield and .
parents (Table 2). The crosses with significant and elongation ratio; R 302-111/Basmati 370 for harvest «
positive heterobeltiosis for grain yield in the range of index; Abhaya/Basmati 370 for fertile spikelets; RP
21.33 percent to 47.43 percent (Table 3) were 2151-33-2/Pusa Basmati-1' for fertile spikelets,
Mahamaya/Basmati 370, Abhaya/Dubraj, R 302- spikelet density, biological ‘yield and head rice .
111/Basmati 370, Abhaya/Basmati 370. RP 2151- recovery %; RP 2151-33-2/Dubraj for harvest index
33-2/Pusa Basmati-1, RP 2151-33-2/Dubraj, IET and elongation ratio; IET 14887/Basmati 370 for
14887/Basmati 370, Mahamaya/Duraj and R 302- head rice recovery %; Mahamaya/Dubraj for
111/Taroari Basmati (Table 2). Basmati 370 and biological yield; R 302-111/:Taroari Basmati for
Dubraj were the most frequent parents involved in hunderd grain weight and elongation ratio (Table 4).
high yielding hybrids. The present finding is in None of these crosses exhibited significant and
ragreement with those of Sarawgi and Shrivastava negative heterosis for dwarfplant stature indicating
(1988), Sarathe and Perraju (1990), Gravois and that most of the F, hybrids‘were taller in stature than
McNew(1993), Devaraj and Nadarajan (1996) who parents. Shrivastava and Seshu (1982) also reported
reported high heterosis for grain yield. In addition to high heterosis for plant height and spikelets per
a .'l'abl'e-ZI Estm'latesof helért;;is' ("/o)' over better parent for different traits. v s
. ’ Better parent hejerosis (%) e 2
Crosses ' Plant Eearbearing  Fertile  Spikelet  Biological Harvest  100-grain  Grain Milling  Headrice Kemel Kemel LB Elongation
) . height tillers spikelet  density  vicld index % weight yield % recovery  length  breadth  matio ralio
Y (LT B . o -
‘PR 106 x Pusa Basmati -1 21.49° 21.78° 1923 -938 934 37 1076 676 738 102 ..422° sS4l -1315°  904°
*1 PR 106 X Taroari Basmati ' 30.40° -417.06° S7° 27080 .1930° 4248° 772 -1076 2581 7.03° ..288 13,16 -1409°  11.54°
PR 106x Basmati 370 39.20° +40,00° 48 1779 4957 4631° 588 .5766° -1.57 433 .- M99 2239° .1977°  .10.43°
PR 106x Dubraj 43.78° 18 28° 62287 2850 223087 \5478° 768" 6066  -688°  -12.10° -1024° 2286 -12.38° 0,64
PR 111 x Pusa Basmati -1 977° . 2178 894 2430 1513 EE YA L) ; LA | ¥ ¥ 386 6.05°  -8.56° .14 -10.44° 633
PR 131 x Taroari Basmati 6.85° 4706°  790°  8276° 33687 i 38  -631° 200 891° . 144 1714° -1596°  -096
PR 111 x Basmati 370 10,64 -3000° 22683° A43100 a5 36 86° 168 -5620° 209 891° 709" 1642° -1686°  -17.11
PR 11} x Dubraj t772° 2759 53180 36130 HINT] -5038°  35S3° 5408 .508°  .ST71° 410790 -2000° 2570 .1275°
IR 64 x Pusa Basinati -1 3813° i 1281 1818 1239 103 4% 152 ou 2397 .1578° 1872 2920 -4.52
1R 64 xTaroariBasmathi 3186° -58 82" 87 S0 46 59° -1230° T 664 277 229) 2.06 789 .9.29° 709
IR 64 x Basmati 370 3808° 0.00 1306 340 a0 .18 28° 16 80° 1570 234 -1.83 LIS 1940° -15.47°  -117"
IR 64 x Dubraj 4489° 2148 3188 astr s Bali 633 090 oM 408 -1860° 2857 2987 137"
IET 13932 x Pusa Basmati -l 52 70° . LR E S T T mn 27040 1660° 242 -1 db $38° 13010 13sI° 381t 4,18
IET 13932 x Taroari Basmati  49.82° 4706 3300° w738 36337 13t s6l $78  -1587°  .2602° 504" 1316° -13.87° 030
(€T 13932 x Basmau 370 4897° 25,00 4183 G208t 27997 16 48" 441 95388° 2332 035 .735° 31340 2921 829°
IET 13932 x Dubraj 3587° £62.07° 2813° 330600 4807 21 88° 19358°  .S774° BRI} 06l A28 2286 -10.89° -3.88
{ET 14887 x Pusa Basmati -1 964" 2778 24 024 31390 1030 359 2419 147 24690 208 909 37 21
IET 14887 x Taroaribasmati 32.)9° 47 06° 230040 L3856 -S029° 27 8110 -2284° 1047° 826" 432 1818 982 288
IET 14887 x Basmati 370 35.25¢ 1500 2129 .74 235 507 420 26.10° 333 697" 074 18.18° -1600° -13.10°
|ET 14887 x Dubraj 33.09° -48.28° S28.86° 3444’ p89° -3619° 600 495)° 3.9 276 -1680° 188" -29.04°  12.76"
RP2151-33 x PusaBasmati-1 1207 -5.56 56237 37’ 107" 199 263 3425° -189 1392 -890° 8.1 -159° 0.63
RP2151-33x Taroari Basmati 766" 4768 79.08° 34200 4027’ «15 60" 489  -3788° 319 24.68° -10.07°  21.05° -25.38° 7.08°
RP 2151-33 x Basmati 370 25.18° .00 6204° 694" 1254 NERE 132 856 232 8.09° .805° 3731° -32.86° .1283°
RP2151-33 x Dubraj 33.62° 10.34 -1760  -1033 923 1766° 880" 2882° 202 .70 -1008° 2857° -1485° o7’
Abhayax Pusa Basmati -1 -0.28 - -2598  -1838 722 1043 628 -2934° 148 208 -39%0° sS4l 4368 .255°
Abhayax Tarcari Basmati $5.37° 47.06° 3093°  .2809° 1564 21 99° 445 7.65 0.63 475 0m 789  -7.90° 1.60
Abhayax Basmati 370 35.09" 0.00 4367 1923 529 719 798" 37179° -3 88 2256 -505°  19.40° -2028° .12.03°
A hayax Dubrj 64.67° 0.00 200 T 15 50° 1937 187 4002 009 967 -1220° 2000° -18.58° 141"
Mahamaya x Pusa Basmati - §790° - 556 -907 -1978° 390 058 -1006° 960 <258 15.49° -3.42 811 -1087°  -).14°
Mahamaya x Taroari Basmati  14.27° 5294° BT 11.39 -127 2335 .18.90° -5.82  -14.89° 3.59° <274 11.84°  .15.46° 0.00
Mahamaya x Basmaii 370 25.19° 15.00 1569 27.62° 11.28 2054° 890 47.43° -0.26 6.03° -1033° 4030 -3389° 13.37°
Mahamaya x Dubraj 38.04° 37.93° 581 -13.79 3804° 215210 .93 24.04° -0.21 166 -1407° 37.04° .2013° 2.88
R302-11) xPusaBasmati-1 34 34° 3333° -1032 367 252a8° 3153 61t -1041  -841° 463° 890" 1892° 2329° 934
R302-11¢ x Taroari Basmati  33.49° 3238° 2292 880 .31 g0 (%] 878°  21.33°  .758°  -1594° 288 136" -1403° 897
R 302-111 x Basmati 370 10.15° 15.00 12065 122 -0 11 v6° 2229 3823 242 407 345  19.40° -1913° -2647°
R 302-111x Dubraj 4933* 27.59° A4 3206 133 351 -1603° 1538 -5.64 169 945" 2000° .9.74° 3.69
SE 276 128 219§ 69 04 an 303 008 E¥ ]| 121 1.45 0.16 0.08 0.12 0.05

®, ** = SignificantatP <0.05 and 0.01 levels, respectively.
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Tabled. Performance of best heterobeltiotic crosses forimportant traits.

Character Cross Heterosisover  Mean
Grainyieid plant” Mahamaya/Basmati 370 47.43° 4890
Abhaya/Dubrej 4002° 52.76

R302-111/Basmati 370 38.3° 347

Abhsya/Basmati 370 31.79° 3107

+ RP2151-33-2/Pusa Basmati 3428° 36.01

RP2151-33-2/Dubnj 2882° 48 54

1ET 14887/Basmati 370 26.10° 2843

Msahamaya/Dubrzj 2404° HNM

R302-11)/Taroari Basmati 2 33° 2408

Earbearingtillersplant® R 302-111/Pusa Basmaii-1 3333° 1200
PR 1 1/Pusa Basmati-{ 277 "5

Number of fertile spikelets RP2151-33-2/Tarcari Basmati 7908° 175 50
RP2{$1-33-2/Basmati 370 0204° 198 50

RP2151-33-2/Pusa Basmati 5623° 21950

Abhaya/Basmati 370 43067° 176 00

Abhaya/Taroari Basmati 3093° 12700

Spikeletdensity RP2151-33-2/Basmati 370 6944° 93789
RP2151-33-2/Pusa Basmati 3712° 77198

RP2151-33-2/Teroari Basmati 3420° 713.3

) Mahamaya/Basmati 370 2762° 1105 78
Hundred grain weight TR 64/Basmati 370 10.80° 278
R302-111/Twroari Basmati 08.78° 288

[ET 14887/Taroari Basmati 08N’ 281

IR 64/Taroari Basmati 07.74° 2.1

PR 106/Taroari Basmali 0772° M

Head ricerecovery RP 2151-33-2/Taroari Basmati 24 68° 66 .61
Mshamaya/Pusa Basmati 1549° 6195

RP 2151-33-2/Pusa Basinati 1392° 6096

LET 14887/Basmati 370 0697° $348

Mahamays/Basmati 370 0603° sn

Milling% LET 14887/ Tarcari Basmati 1047° 6781
Elongation ratio IET 14887/0ubraj 1376 01 v
IR 64/Dubraj 1376° 0l 6y

PR 106/Taroari Basmati 154" o174

Abhaya/Dubraj 4 0l 6b

RP2151-33-2/Dubraj 0973° 0164

R202:111/Turoni Basmpi 007" 0120

, "= Significantal P <0.05 and 0.01 levels, respecively

Table 8. Correlation coefficients among yicld and quality componentsin rice.

harvest index, biological yield plant’, spikelet
density, fertile spikelets panicle” and tillers plant’
(Table 5). Estimates of heterosis for various yield
components of nine heterotic hybrids also confirmed
that significant yield increase was largely attributed
to the above traits. This indicates that selection for
harvest index, biological yield plant’, spikelet
density and fertile spikelets panicle’ would be
effective in increasing grain yield. Association
analysis also indicated significant and positive
correlation of grain yield with milling %, milling %
with head rice recovery %, head rice recovery % with
hundred grain weight, hundred grain weight with
kernel length and breadth. Therefore, quality traits
like milling %, head rice recovery %, hundred grain
weight, kernel length and breadth along with yield
components like harvest index, biological yield
plant’, spikelet density and fertile spikelets panicle”
could be used as selection criteria for simultaneous
improvement of yield and quality traits.

Cherscters Earbearing  Fenile  Spikelet Biological Harvest  100-grin Grsn Milling Headrice Kemel Kermel Length.  Elongation

tillersplant’  spikelets density  vieldplamt  index weight viehl " recovery "o length breadth  breadth  ratio
Plantheight 0.4081" 043307 0338 (¢o0498” V% BERTRI L 1) VAHAT 00204 00733 02869 0.0434 02459 049737
Earbearingtiller plant’ 02240 01910  06100" 062l -Quwvel use9” 00770 00874 01915 00575 00770  0.046)
Fertilespikelets panicle” 085607 06125 038337 02148 07526° 02352 0.3423" 0.5544" 01883 041197 00311
Spikelet density 05464" 0.2668 -03939" 06309 01438 0.2703 06816 0,1579  -0.4580" 00047
Biological yield plant* 0.0562 00121 08513 0.2485 0.1083 04700  0.1985 03787  0.1647
Harvestindex -0 0567 04847" 013N 0.1597 0.07) 00926 0000} 03532
100-grein weight 00142 01521 0.2807° 02928° 05934”02467 01763
Grainyieldplant* 03138 02130 033" 02377 03453 00224
Milling % 07343° 02697 03336 03698 01469
Head ricerecovery % 04602° 02799 047947 02116
Kernel length 029417 07627 -0.1183
Kernel breadth 038329 0047
Length-Reenslthantin, 01083
panicle; Sarawgi and Shrivastava (1988) for REFERENCES

biological yield; Patnaik er al. (1990) and Mishra
and Pandey (1998) for harvest index; Peng and
Virmani (1991) for harvest index and plant height:
Gravois (1994) for head rice recovery % and
Pendey er al. (1995) for hundred grain weight.

No one among nine heterotic crosses was
superior for all the quality traits. Crosses which
exhibited significant and positive heterosis for
elongation ratio were Abhaya/Dubraj, RP 2151-33-
2/Dubraj and R302-111/Taroari Basmati, while
crosses Mahamaya/Basmati 370, RP 2151-33-
2/Pusa Basmati-1 and [ET 14887/Basmati 370
exhibited heterosis for head rice recovery %.

Correlation analysis indicated that grain yield
plant” had significant and positive association with
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