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ABSTRACT

The heritability. genetic advance and heterosis study was conducted on 27 F,
hybnds along with their 12 Basmati rice (Oryza sativa) parents to know the pattern of
inheritance of some morpho-physiological traits for selecting superior genotypes. The
experiment was taid out according to line x tester mating design at Nuclear Institute
for Agriculture and Biology (NIAB), Faisalabad during 2004-05. Analysis of variance
revealed highly significant differences among treatments, parents, parents vs
crosses and crosses for flag teaf area, plant height, panicle density, harvest index.
biological yield per plant and yield per plant. Estimates of broad sense hentability and
expected genetic advance in response to selection in next generation were high for
all the traits. Heterosis and heterobeltiosis ranged -21 .09 to 60 13 percent and -33 34
to 42.99 percent, respectively for flag leaf area, -3.94 to 12.28 percent and 3.25 to
32.21 percent for plant height, 17.88 to 53.10 percent and -25.90 to 23.97 percent for
panicle density, -8.80 to 32.43 percent and -24.32 to 12.29 percent for harvest index,
7.54 to 58.77 percent and 12 88 1o 104.37 percent for biological yield per plant and
12.50 to 95.33 percent and -6.97 to 66.38 percent for yield per plant The results
indicate that improvement in grain yield can be efficient through making some
campromises within limits among morpho-physiolagical yield related traits. Based on
higher mean performance and desirable heterosis and hetercbeltiosis. three
intermediate and six tall hybrids are recommended for exploitation of heterosis
breeding. However, desirable transgressive segregants may also be selected in
succeeding generations from the progenies of these crosses to develop potential
varieties.

KEYWORDS: Oryza sativa, genotypes. heritability, hybrid vigour; agronomic
. characters; Pakistan.

INTRODUCTION

Rice (Oryza sativa L. 2n=2x=24) is one of the most important cereal crops of
Pakistan. Dunng 2005-06 it was sown on 2.62 million hectares with a
production of 5.54 million tonnes and average yield of 2116 kg per hectare
{1). Unlike other South Asian countries, rice is not sub-sistence crop and it is
considered as cash crop in Pakistan. Pakistan earned 1143 million US $ by

""Nuclear Institute for Agriculture and Biology (NIAB), P. O. Box 128, Faisalabad, Pakistan.
**Institute of Pure and Applied Biclogy, Bahauddin Zakariya University, Multan, Pakistan.

J. Agric. Res., 2008, 46{7)



16 MY Saleem et al.

exporting 3.69 million tonnes of rice in which aromatic premium rice shared
0.84 million tonnes worth 474 million US $ (1). Most of Basmati rice is
produced in the ‘Kalar' tract of Punjab province where the chimatic conditions
are sub-humid and sub-tropical with 400-700 mm rainfall mostly in July-
August. The soil is either clayey with restricted drainage or loamy with good
drainage. The predominantly grown cultivar is Super Basmati followed by
Basmati-385.

Despite fair irrigation and other inputs, rice yields particularty of Basmati
types are low as compared {0 these of major rice producing countries of the
world (2) which i1s due to its narrow genetic base and scarcity of donor for
grain quality. Moreover, progenies of Basmati rice with typical Indica lines
exhibit some sterility and poor recombinations (5). It is, therefore, imperative
to conduct intensive studies on extent of transmission of variations from
parents to hybrids i.e heritability, improvement in the mean genotypic value of
hybrids over the parental population i.e gemetic advance and heterosis
(midparent and high parent) on yield and various yield components in
Basmati rice. Appreciable amount of literature is available on breeding —
genetics of major yield components on Basmati rice. However, there is need
to study various morpho-physiological traits to get better understanding of
inheritance and select/identify superior genotypes without sacrificing gquality
traits. In rice, physiological traits {flag leaf area, harvest index and biologfecal
yield) associated with grain yield were discussed by Yoshida (22} Breeders
prefer the plants with narrow dark green leaf, short height and stiff culms with
long erect flag leaf. Semi dwarf planis are high vielder due 1o increased
tillering ability, better responsiveness to nitrogen fertilizer and resistance to
lodging.

Heritability values have been variable depending upon the genetic nature of
genotypes for different morpho-physiological characters. Vivek et al. {21)
observed high heritability coupled with high genetic advance for harvest
index, biological yield per plant and grain yield per plant in evaiuation of 39
tropical Japonica rice genotypes. Mishra and Verma (14) evaluated 16 rice
genotypes alongwith 72 F, hybrids and noted high heritability with high
genetic advance for flag leaf area and plant height indicating dominant role
of additive gene action. The association of high heritability with high genetic
advance was observed for plant height and grain yield per plant by Mahto ¢t
al. (13). Swati and Ramesh (17) reported high heritability for gram yield while
moderate heritability for flag teaf area and piant height. Hosseini et al. (9)
observed 61 percent broad sense heritability for grain yield in rice.
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Surek and Korkut (168) reported 21.2 percent and mid-parent and15.2 percent
high parent heterosis for yield and that the heterosis in yield was due to
heterosis in harvest index, biological yield per plant and number of panicles
per plant. Verma et al. (20) reported significant ecocnomic heterosis in 15
hybrids for flag leaf area. plant height and biological yield per plant. Heterosis
estimales were attributed to both additive and high degree of dominance cor
epistatic interactions or both for one or more physiological traits Biclogical
yield, flag leaf area and harvest index were the major confributors to yield.
Vanaja and Babu (19) pointed out that yield increase in rice was due 1o
favourable heterosis in flag leaf area, number of spikelets per panicle and
number of grains per panicle. Gnansekaran et af. {6) reported significant
positive heterosis for harvest index and yield per plant over-the standard
varieties and recommended eight hybrids for commercial exploitation of
heterosis breeding based on mean performance.

In this paper an attempt has been made to assess the heritability, genetic
advance and heterpsis for flag leaf area, plant height, panicle density,
harvest index, biological yield per plant and yield per plant in Basmati rice In
this paper an attempt has been made to assess the heritability, genetic
advance and heterosis for flag leaf area, plant height, panicle density,
harvest index, biological yield per plant and yield per plant in Basmati rice.

MATERIALS AND METHODS

The present study was conducted in summer season at Nuclear Institute for
Agriculture and Biology {NIAB), Faisalabad, Pakistan Faisalabad is situated
at latitude 31° 30N; lengitude 73° 10E and altitude 213 meters from sea level.
The breeding material comprised 12 pure Basmati rice genotypes, out of
which 9 genotypes (Basmati-370, DM-2, DM-107-4, DM-186-5-1, Kashmir
Basmati, Basmati-Pak, Basmati 2000, Super Basmati and Shaheen Basmati)
were used as females (designated as lines) and 3 genotypes (Basamti-385,
DM-25 and EL-30-2-1) designated as testers were used as males. These
were crossed to produce 27 F, hybrids accoerding to lines x tester mating
design (11) during 2004. The hybrids were evaluated alongwith parents
following RCBD with three replications during 2005. A replication comprised
39 entries (27 F.s +12 parents). Each entry was planted in two rows of one
meter each. The plant to plant and row to row spacing was 20 cm, each. N
and P were apptied @ 72.6 and 23.4 kg respectively. Half of N was applied
at the time of transplanting while the remaining half into two splits: % after 30
days of transplanting and other % afler 60 days of transplanting. Total
amount of P was applied at the time of transptanting. Weeds were removed
by weedicide Machette 80 EC {Butachlor} and Roanstar (Oxadiazon) @ 2.0
and 3.5 liter per hectare, respectively after 4 days of transplanting. The water
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level was kept at 2.5~4.0 cm at the time of transplanting and gradually
increased to 8.0 cm for 25 days of transplanting. Irrigation was discontinued
for few days to provide aeration and then recontinued. The plants were
protected from insect pests, i.e. ieaf roller and stem borer by application of
insecticide Talstar 10 EC (biphenthrin) and Padan 4G {cartap) @ 500 ml per
hectare and 20 kg per hectare, respectively. Measurements on flag leaf area
(cm?), plant height {cm), panlcle density, harvest index (%), biologica! yield
per plant (g} and yield per plant (g) were recarded according to standard
evaluation system for rice (9, 23). Grain and straw yields were adjusted at 14
percent moisture content as suggested by Gomez (7).

Genotype means were used for analysis of variance Heritability in broad
sense and genetic advance were calculated according to Singh and
Chaudhary (15). Standard error of broad sense heritabiity was calculated
following the procedure of Lothrop et al. {12). Values of heritability and
genetic advance were categorized according to standard scale (10). Mid-
parent heterosis {H{) and high-parent heterosis (Htb} or heterobettiosis were
determined as outlined by Falconar and Mackay (4).

RESULTS AND DISCUSSION

Mean performance of lines, testers and their hybrids (Table 1) indicated
worth of genetic variability for the improvement of flag leaf area, plant height,
panicle density, harvest index, biological yield per plant and yield per plant
Significant differences among various morpho-physiological traits have been
observed earlier (16, 17). Four lines with flag leaf area of 47 54 to 62 93 cm?
tester Basmati-385 (49.40 cm?) and 8 hybrids (60.65 to 80.60 cm .3 I|nes
with plant height 92.83 to 116.07 cm, tester Basmati-385 (123.77 cm) and 11
hybrids (111.03 to 134.93 cm); 3 lines with panicle density of 545 to 576, 2
testers (5.68 to 5.86) and 14 hybrids (5.43 to 6.52); 3 lines with harvest index
of 24 77 to 27.78, tester Basmati-385 (26 47) and 13 hybrids (27.06 to 32.2Q)
and 3 lines with biological yield of 8008 to 75 36 g per plant. tester DM-25
(84.48 g) and 10 hybrids {81.44 to 105.85 g) were found to be better than
their representative grand means. Basmati-2000 (22 48 g/plant), Super
Basmati (22.07), Shaheen Basmati (20.97), DM-16-5-1 (20.90} and Kashmir
Basmati (20.87) showed significantly higher yieid than grand mean yieid
(20.36) among lines Among testers, Basmati-385 exhibited significantly
higher yield (29.38) than grand mean (22 84) Of 27 F, hybnds, 9 hybrids viz.
Basmati-Pak x Basmati-385 (44.21). Super Basmati x Basmati-385 (41 80
g/ptant), DM-107-4 x Basmati-385 (41.27), Kashmir Basmati x Basmati-385
{(39.74), Basmati 2000 x EL-30-2-1 (38.89), Basmati 20060 x DM-25 (37.41},
DM-16-5-1 x Basmati-385 (37 20) Basmati 2000 x Basmati-385 (35.96) and
Kashmir Basmati x DM-25 (35.32) were significantly nigher yielder than
grand mean (32.53 g/ptant) and may be rated as desirable genotypes for
improvement of yield and related traits (18).
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Table 1. Mean performance of parents and hybrids for line x tester analysis in rice.

Parents/Hybrids Flag leaf Plant Panicle Harvest Biological Yieldfplan
area height density index {%)  yieldfplant t
(em’} {cm) (@ ig)
Lines T T
Basmati.370 47.84 170.50"" 5.76™ 2029+ B5.13% 20.03
DM-2 47.70" 92 83 47 27.55"" 60.08* 19.22%
DM-1074 49.93** 166.67 3.87" 27.96™ §1.38" 1590
DM-16-5-1 43.89"* 14043 560 2347 684" 20.90°
Kashmir Basmati 32.80 156.00** 4778 21.41" 84.04* 2087
Basmati-Pak 39.24* 160.00* 3.49% 15.75" 91,92 16,77
Basmati-2000 62.93~ 138.50" 459" 25.93" 75.36"° 22.48™
Super Basmati 42.60 116.07** 4.56* 2425 78.58 " 22.07
Shaheen Basmati . 4207 134.53M 5.45% 2477 73.04 2057
Grand Mean 45.41 135.06 477 23.49 76.26 20.36
5.E. 0.40 0.84 0.08 048 1.48 0.22
C.D. (0.05) 0.83 1.15 Q.17 0.99 3.07 0.46
C.D. (0.01) 113 2.38 0.23 .35 4.17 0.62
Testers
Hasmati-135 49.40* 12307 5,86 26.47"" 95,77 29.38™
DM.25 41.74™ 14050 5.68 22.29™ B4.48 21.80"
EL-30-2-1 43.40™ 145 43~ 2.90%" 15.66* 95,28 17.33
Grand Mean 44.85 138,57 4.81 29 .47 91.84 22.84
S.E. 0.61 0.41 0.03 0.32 0.80 0.37
C.D. (D.05) 1.69 113 0.07 0.89 2.22 1.02
C.D. (0.04) 2.81 1.88 0.12 1.47 368 1.69
Hybrids
Basmati-370xBasmati-385 63.40 151.40™ 6.52~ 2498 115.93* 33.59™
Basmati-370xDM-25 §9.82" 159.47 510" 20.49*" 112.45"% 27.02
Basmati-370%EL-30-2-1 57.73% 152.05" 526" 18.60™ 106.85™ 23.03"
DM-2xBasmati-385 69.25" 121.60"" 4.80 27.79 85.04" 27.34
DM-2=DM-25 59.22M8 42273 4.65 26.63"% 84.44% 25.10"
DM-2xEL-30-2-1 53.31" 12267+ 4,48 21.82" 122.79* 31.19%
DM-107 4xBasmati-385 62.80 11100+ 6.14 32.20™ 140.57"% 41.27"
DM-107-4xDM-25 60.65" 12710 5.43" 28.07 99.48** 32,25
DM-107-4xEL-30-2-1 57.05%° 127 33 450" 2117 117.10" 28.81+
DM-16-5-1xBasmat-385 68.96** 128,07 637 kLR Fard 102.95" 37.20"
DM-15-5-1xDM-25 54.41% 145.00™ 579" 27.35" 86.74" 27.53™
DM-16-5-1xEL-30-2-1 50.06™ 145,97 4.29™ 19.84 114.07" 2577
Kashmir BasmatixBasmati-335 50.44* 135 .40 5.55 27.06* 126.87" 39.7a™
Kashmir Basmati=DM-25 59.68"* 148 27" 5.44% 25744 120.00* 35.32*
Kashmir BasmatixEL-30-2-1 47.49 164.77+ 477+ 18.84> 142,35 H.aor™
Basmati-Pak*Basmati-185 52.04** 14267+ 581" 27.96™ 136,72 44 29+
Basmati-PakxDM-25 50.07 15513 4.60™ 24.69* 103.61* 25.69"
Basmati-PakxEL-30-2-1 46,49 153,60 328" 1816 132.01* 27.73
Basmati-2000>Basmati-385 80.60" 136.83" 6.22" 31.58 98.46** 35.96*
Basmati-2000xDM-25 65.50" 146.27* 6.36™ 29.25 111,52 37.44™
Basmati-2000~EL-30-2-1 41,95 14733 581 27.52"" 122.91™ 38.89-
Super BasmatixBasmati-385 64.04" 124.70" 5.66"* 29.21° 123.93* 41.80"
Super BasmatixDM-25 44,53 124,07 421 21.22 105.85 25.80
Super Basmati<EL-30-2-1 51.68" 134,93 .54 21.73* 135.94** 33.80"
Shaneen BasmatixBasmati-385 57.25"% 124,07 §.29™ 62+ 95,307 33 g7
Shaheen BasmatixDM-25 57.73"¢ 141.45* s 28.09" 103.77 3351
Shaheen BasmatixEL-30-2-1 52.37 146 .60 424" 2660 110.40™° 157"
Grand Mean 56.97 138.36 5.24 25.38 112.08 32.53
S.E 1.62 0.98 0.08 0.67 1.91 1.24
C.D. (0.05) 2.25 1.91 0.16 1.36 3.83 2.50
C.D. (0.01} 4,27 2.38 0.21 177 5.04 3.28

*significant (P < 0.05), ™Highly significant (P< 0.01).
€.D.= Critical difference
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The analysis of variance revealed highly significant differences among
treatments, parents, parents vs crosses, and crosses for flag leaf area. plant
height, panicle density, harvest index, biclogical yield per plant and grain
yieid per plant (Table 2). Broad sense heritability was maximum (0.99) for
plant height followed by 0.98 (for panicle density and biological yield per
plant) and 0.94 (for flag leaf area and vyield per plant). High estimates of
broad sense heritability for all the characters revealed that variations were
transmitted to the progeny. Expected genetic advance in response to
selection in next generation was high for all traits. Maximum genetic advance
{42.11) was noted for biological yield followed by 33.92 for plant height, 15.29
for flag Jeaf area, 14 65 for yield per plant, 8.62 for harvest index and 1.88 for
panicle density. High heritability associated with high genetic advance
indicated considerable potential for developing of high yieiding varieties
through selection of desirable plants in succeeding generations. The results
were in line with those of various researchers (8, 14, 17, 22}.

Table 2. Analysis of variance, heritability and genetic advance in Basmati rice

genotypes,
Source d.f Flag leaf area  Flant Panicle Harvest Biological Yieldiplant
tem?) height density index yield fplant (g) (g)

) A .
Replications  2.00 342 0.29 0.001" o.39™ 9 47™ 1.18%%
Treatments  38.00 285.67™ 823.24™ 259" 57.06* 129459~ 164.85"
Parents 11.00 16060 151923 276" 51.18** 442.32° 30.26%
Parents vs .00 3412.4%" 21294 510 143,43 2538922 332539
Crosses .
Crosses 26.00 218.31™ 552.25™ 2.4 56.23*" 741,147 100.24*

g 93.26 273.58 0.86 18.62 428.03 53.81
“p 99.15 276.08 0.38 19.82 438.52 57.24
oe 5.90 2.49 0.02 1.20 10.49 3.43
P tsE 0.940.01 0.9940.0% 0.9840.14 0.94+0.03 0.98+0.04 0.9420.02
G.A. 19.29 33.82 1.88 8.62 42 11 14.65

‘Significant (P < 0.05), **Highily significant (P< 0.01).

The data on estimates of heterosis and helerobeltiosis revealed that mid-
parent heterosis for flag leaf area ranged -21.09 to 60.13 percent and that of
high-parent heterosis was -33.34 to 42.99 percent (Table 3). Twenty one
hybrids indicated significantly positive heterosis as well as heterobeltiosis.
QOut of these seven hybrids viz. Basmati-370 x Basmati-385 (Ht = 30.80, Htb
= 28.33), DM-2 x Basmati-385 (Ht = 42.64, Htb = 40.18), DM-107-4 x
Basmati-385 (Ht = 25.65, Htb = 24.98), DM-107-4 xDM-25 (Ht = 32.32, Htb =
21.47), DM-16-5-1 x Basmati-385 (Ht = 47 85, Htb = 39.60), Basmati 2000 x
Basmati-385 (Ht = 43,50, Hth = 28.07) and Super Basmati x Basmati-385
{Ht = 39.21, Htb = 29.63) were important based on higher mean performance
and highly significant heterosis of both types. Over-dominant type of gene
action was suggested for them. Four hybrids (Kashmir Basmati x Basmati-
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significant positive heterobeltiosis manifesting partial dominant type of gene
action, while Super Basmati x DM-25 indicated non-significant heterosis and
heterobeltiosis displaying additive type of gene action. These results are in
agreement with earlier findings (19, 20).

Negative heterosis for plant height is desirable for breeding short statured
hybrids and varieties. None of the hybrids manifested significantly negative
mid-parent and high-parent heterasis for plant height. The extent of heterosis
over mid-parent was -394 to 12.28 percent and that of better parent was
3.25 to 32.21 percent. Ten hybrids indicated intermediate plant height
(111.03 to 128.07 cm) out of which five hybrids viz. DM-2 x Basmati-385 (Ht
= 12.28, Htb = 30.99), DM-2 x DM-25 (Ht = 5.20, Htb = 32.21), DM-2 x EL-
30-2-1 (Ht = 2.97, Htb = 32.14), DM-107-4 x DM-25 (Mt = 2.85, Htb = 18.16)
and Super Basmati x Basmati-385 (Ht = 3.99, Htb = 7.44) had significant
positive mid-parent and high-parent heterosis; four hybrids viz. DM-107-4 x
Basmati-385 (Ht = -3.63, Htb = 4.09), DM-16-5-1 x Basmati-385 (Ht = -3.05,
Htb = 3.47), Super Basmati x DM-25 (Ht = -3.29, Hib = 6.89), Shaheen
Basmati x Basmati-385 (Ht = -3.94, Htb = 0.24) possessed significantly
negative heterosis and non-significant heterobeltiosis while one hybrd DM-
107-4 x EL-30-2-1 (Mt = 1.02, Htb = 19.38) had non-significant heterosis and
significant heterobeitiosis. Among these, three hybrids (Super Basmati x
Basmati-385, DM-107-4 x Basmati-385 and DM-16-5-1 x Basmati -385) were
high yielding. Other six high yielding hybrids were of tall stature (13540 to
148.27). These were Kashmir Basmati x Basmati-385 (Ht = -3.21, Htb =
2.40), Kashmir Basmati x DM-25 (Ht = 0.01, Htb = 5.53), Basmati-Pak x
Basmati-385 (Ht = 0.55, Htb = 15.27), Basmati 2000 x Basmati-385 (Ht =
3.58, Htb = 9.75), Basmati 2000 x DM-25 (Ht = 4.85, Htb = 5.61) and
Basmati 2000 x EL-30-2-1 (Ht = 3.78, Htb = 6.38).

Mid-parent and high-parent heterosis ranged -17.81 to 53.10 percent and
-25.90 to 23.97 percent respectively for panicle density. Nine hybrids namely
Basmati-370 x Basmati-385 (Ht = 12.22, Htb = 11.25), OM-107-4 x Basmati-
385 (Ht = 26.16, Htb = 4.78), DM-107-4 x EL-30-2-1 (Ht = 35.76, Htb =
18.76), DM-16-5-1 x Basmati-385 (Ht = 11.26, Htb = 8.76), Basmati 2000 x
Basmati-385 (Ht = 18.02, Htb = 6.02), Basmati 2000 x DM-25 (Ht = 22.68,
Htb = 11.98), Basmati 2000 x EL-30-2-1 (Ht = 53.10, Htb = 23.97). Shaheen
Basmati x Basmati-385 (Ht = 11.26, Hib = 7.34), Shaheen Basmati x DM-25
(Ht = 9.86, Htb = 7.63) had significantly positive heterosis and heterobeltiosis
manifesting over dominance type of gene action. Four hybrids viz. DM-107-4
x DM-25 (Ht = 13.65, Htb = -4.40), Kashmir Basmati x Basmati-385 (Ht =
445 Htb = -5.23), Kashmir Basmati x DM-25 (Ht = 4.11, Htb = -4.17) and
Basmati-Pak x Basmati-385 (Ht = 24.28, Htb = -0.85) had significantly
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positive heterosis but significant or non-significant negative heterobeltiosis
indicating partial dominance type of gene action for increased number of
grains per panicie. Two hybrids viz. DM-16-5-1 x DM-25 (Ht = 2.66, Htb =
1.94) and Basmati-Pak x EL-30-2-1 (Ht = 2.71, Htb = -5.92) had non-
significant heterosis and heterobeltiosis showing additive type of gene action.
All these 15 hybrids can be regarded as promising based on higher mean
performance and both types of heterosis for the improvement of panicle
density. Five hybrids showed significantly positive mid-parent heterosis but
significantly negative heterobeltiosis and three hybrids with significant
heterosis and non-significant heterobeltiosis indicating partial dominance For
harvest index, minimum mid-parent heterosis {-8.80 %) was expressed by
cross Super Basmati x DM-25 and maximum (32.43) by Basmati-Pak x
Basmati-385. Similarly, minimum high-parent heterosis (-24.31) was shown
by DM-107-4 x EL-30-2-1 and maximum (19.29) by Basmati 2000 x Basmati-
385. Two hybrids DM-2 x Basmati-385 (Ht = 2.89, Htb = 0.87) and Basmati-
370 x EL-30-2-1 (Ht = 3.47, Htb = -8.34) had non-significant heterosis and
heterobeltiosis indicating additive type of gene action. Based on higher mean
performance and desirable heterosis and heterobeltiosis, 11 hybrids were
found to be the potential hybrids for higher harvest index. These were: DM-2
x Basmati-385 (Ht = 2.89, Htb = 0.87), DM-107-4 x Basmati-385 (Ht =
18.31, Htb = 15.16), DM-107-4 x DM-25 (Ht = 11.71, Htb = 0.37), DM-16-5-
1 x Basmati-385 (Ht = 24.82, Htb = 17.73), Kashmir Basmati x Basmati-385
(Ht = 13.02, Htb = 2.22), Basmati-Pak » Basmati-385 (Ht = 32.43, Htb =
5.62), Basmati 2000 x Basmati-385 {Ht = 20.53, Htb = 19.29), Basmati 2000
x DM-25 (Ht = 21.33, Htb = 12.80), Basmati 2000 x EL-30-2-1 (Ht = 32.32,
Htb = 6.12), Super Basmati x Basmati-385 (Ht = 1515, Htb = 10.32),
Shaheen Basmati x Basmati-385 (Ht = 19.50, Htb = 15.65) and Shaheen
Basmati x DM-25 (Ht = 19.41. Hth = 13.43). Gnansekaran et al. (6) reported
similar results with two line rice hybrids.

Heterosis and heterobeltiosis ranged from 7.54 to 58.77 and 12.88 to 104.37,
respectively for biological yield per plant. All hybrids indicated significantly
positive heterosis of both types. Hybrids viz. DM-2 x Basmati-385 (Ht = 9.13,
Htb = 41.54), DM-2 x DM-25 (Ht = 21.66, Htb = 35.54), DM-107-4 x DM-25
(Ht = 36.39, Htb = 62.068), DM-16-5-1 x Basmati-385 (Ht = 19.29, Htb =
33.98), DM-16-5-1 x DM-25 (Ht = 7.54, Htb = 12.88), Basmati-Pak x DM-25
(Ht = 17 47, Htb = 22.64), Basmati 2000 x Basmati-385 (Ht = 15.07, Htb =
30.85), Super Basmati x DM-25 {Ht = 29 .83, Htb = 34.70), Shaheen Basmati
x Basmati-385 (Ht = 12.91, Htb = 30.48), Shaheen Basmati x DM-25 (Ht =
31.75, Htb = 42.07) had comparatively low biological yield, and most of them
were also low yielder. Alternatively the best approach would be simultaneous
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consideration of yield performance in relation to biclogical yieid It was
observed that nine hybrids viz. Basmati-Pak x Basmati-385 (Ht = 45.68, Htb
= 48.73), Super Basmati x Basmah-385 (Ht = 42.16, Htb = 57.71), DM-107-4
x Basmati-385 (Ht = 40.71, Htb = 80.13), Kashmir Basmati x Basmati-385
(Ht = 41.12, Htb = 50.97), Basmati 2000 x EL-30-2-1 (Ht = 44.06, Htb =
63.09), Basmati 2000 x DM-25 (Ht = 39.53, Htb = 47.97), DM-16-5-1 x
Basmati-385 (Ht = 19.29, Htb = 33.98), Basmati 2000 x Basmati-385 (Ht =
15.07, Htb = 30.65) and Kashmir Basmati x DM-25 (Ht = 42.42, Htb = 42.79)
with significantly positive heterosis and heterobeltiosis showing presence of
over dominance could be rated as best ones (16). The mean value of
biological yield ranged from 98.46 to 136.72g and grain yield from 35.32 to
44 21g per plant for these hybrids. There was no remarkable effect on grain
yield below or beyond biological yield range (98.46 to 136.72) of remaining
hybrids. ’

For grain yield per plant, heterosis and heterobeltiosis was 12.50 to 9533
and -6.97 to 66.38, respectively. Twenty five hybrids manifested significantly
positive heterosis and heterobeltiosis. Over dominant type of gene action was
suggested for most of them. However, hybrids with significantly positive
heterosis but negative or non-significant positive heterobeltiosis had partiatly
dominant type of gene action as in Basmati-370 x EL-30-2-1 (Ht = 23.28, Htb
= 14.98), DM-2 x Basmati-385 (Ht = 12.50, Htb = -6.97). While considering
mean performance, heterosis and heterobeltiosis of 27 hybrids, it was
observed that high heterotic hybrids were not essentially those showing
higher mean performance Since high yield performance with significant
hybrid vigour is ultimate aim of this study, therefore, nine hybrids viz.
Basmati-Pak x Basmati-385 (Ht = 91.59, Htb = 50.46), followed by Super
Basmati x Basmati-385 (Ht = 62.49, Htb = 42.268), DM-107-4 x Basmati-385
(Ht = 67 .47, Htb = 40.44), Kashmir Basmati x Basmati-385 (Ht = 58.16, Htp
= 35.24), Basmati 2000 x EL-30-2-1 (Ht = 95.33, Htb = 72.96), Basmati
2000 x DM-25 (Ht = 68.94, Htb = 66.38), DM-16-5-1 x Basmati-385 (Ht =
47 97, Htb = 26.61), Basmati 2000 x Basmati-385 (Ht = 38.66, Htb = 22 38)
and Kashmir Basmati x DM-256 (Ht = 6558, Htb = 62.03) were top
performers. Similar results were obtained by Gnansekaran et al. (6). The
predominant role of dominant type of gene action was attributed to intrinsic
nature of parents especially that of Basmati-385, since six high yielding
hybrids had Basmati-385 as male parent.

in an ideal situation, hybrids with semi dwarf piant type, high panicle density

and harvest index and reasonable biological yield per plant are preferable.
As this situation hardly exists, compromises will have to be made among
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morpho-physiclogical traits while selecting superior genotypes. Keeping in
view mean performance, heterosis and heterobeltiosis estimates, three
intermediates {Super Basmati x Basmati-385 , DM-107-4 x Basmati-385 and
DM-16-5-1 x Basmati-385) and six tall hybrids (Basmati-Pak x Basmati-385 ,
Kashmir Basmati x Basmati-385 , Basmati 2000 x EL.-30-2-1 , Basmati 2000
x DM-25, Basmati 2000 x Basmati-385 and Kashmir Basmati x DM-25 )
having better mean vield performance over commercial vareties ; (Super
Basmati and Basmati-385) are recommended for heterosis breeding.
Howgver, desirable fransgressive segregants might be selected in
succeeding generations to develop potential varieties from their progenies.
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