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Abstract

The extent of relative heterosis (RH) and heterobeltosis (HB) of 17 F,s and inbreeding depression (ID) in 15 F,
generations of Aus rice were estimated for 13 yield traits. The F s revealed significant negative heterosis for days to
panicle exertion, days to maturity, plant height, empty grains/panicle, grain breadth in P, x P,, P, x P,, P, x P, P, x
P, P,x P, P,x P, and P, x P, which indicated the possibility of superior segregants for desirable types. Significant
and positive heterosis was found in the crosses P, xP,, P, x P, P, x P, P, x P, P, x P for effective tillers/plant, filled
grains/panicle, 1000-seed weight and grain yield/plant. Heterosis for filled grains/panicle was significant positive in (P,
x P,) over mid parent and better parent. The highest significant positive RH and BH was exhibited by crosses P, x P,
(34.08 and 18.65), P, x P, (23.58 and 8.53), P, x P, (16.97 and 15.27), P, x P, (11.66 and 11.10) for panicle length.
Significant positive RH was observed in F.s P, x P, (160.22) and P, x P, (63.68), and P, x P, (88.85) showed desirable
HB for grain yield/plant. High degree of ID was manifested by tillers/plant, empty grains/panicle, panicle length, grain
breadth and 1000-seed weightin F.s P, xP,, P, x P,, P, x P, P, x P, and P, x P, respectively. Tillers/plant manifested
positive and high ID in F, of P, x P, (42.56). The F, of P, x P, (-15.1) had the highest negative ID for panicle length. All
crosses showed significant ID for filled grains/panicle except P3 x P4 and P6 x P7. The F, populations of P, x P, (14.55)
showed the highest positive ID for 1000-grain weight. The highest negative ID was observed in F, generation of the
cross P, x P, (-158.74) for seed yield per plant and the highest positive value in the F, generation of P, x P, (44.84).
It can be concluded that hybrid breeding would be more effective for effective tillers/plant, filled grains/panicle, 1000-
seed weight and grain yield/plant in rice as they exhibited relative heterosis and heterobeltiosis in desired (positive)
direction. On the other hand, plant height and days to maturity revealed negative association grain yield per plant as
they exhibited negative estimates of relative heterosis and heterobeltiosis.
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INTRODUCTION

Rice is the most important cereal crops grown in Aus
(April/April-dune/July), Aman (July/August-November/
December) and Boro (December/January-April)
seasons in Bangladesh and some parts of India
(Mamun et al., 2021). Though rice is an annual plant, it
can survive as a perennial in the tropics, and can produce
a ratoon crop for up to three decades (www.en.wikipedia.
org/wiki/Rice). It is the staple food of Bangladesh as well
as other Asian countries. It is grown on 75% of the total

cultivated land, constituting 90% of the total food grain
production in Bangladesh (BBS, 2022). It is also staple
food for Asian countries and per capita consumption
of rice varies around 114 kg per year (Amirtham and
Radha, 2023). Bangladesh was the third-largest rice
producer in the world and the average rice production
during 2023 was 39.1 million tonnes, but its productivity
was low compared to other Asian countries, such as
China, India, Thailand and Indonesia (FAOSTAT, 2024).
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Rice production must be increased to keep pace with
population growth. The production potential of rice
in summer (Aus) and rainy (Aman) seasons remains
adequately unexplored. Most of the rice grown in Aus
season is long duration and low yielding (Bhattacharya
et al., 2019). More than 1000 Aus rice land races were
cultivated traditionally and maintained for a long time
by the farmers of Bangladesh for their high adaptability
(Shelley et al., 2016). These local cultivars of Aus rice can
be used in breeding program to develop high yielding,
short duration varieties with wider adaptability. It could
open a new era to increase rice production in Aus season
through the development of new short-duration and high-
yielding rice varieties (Kahani and Hittalmani, 2015).

There are several methods to improve crop varieties, such
as hybrid breeding, ideotype breeding, enhancement of
photosynthesis, exploitation of wild species, genomic
approaches and physiological approaches (Khush, 2013).
Among the different options available to increase yield,
hybrid breeding is the most feasible option (Yuan, 2009).
The magnitude of heterosis helps in the identification of
potential cross combinations to be used in conventional
breeding to create wide array of variability in the
segregating generations (Belaj ef al., 2002). The crosses
between the different genotypes with maximum genetic
divergence would be responsible for improvements as
they yield desirable recombinants in the progeny (Kahani
and Hittalmani, 2015). Segregating populations are more
important for improving plant types by adopting selection
(Savitha and Kumari, 2015). The present study was aimed
to quantify the extent of heterosis in F, and inbreeding
depression in F, generation for yield and related traits of
Aus rice.

MATERIALS AND METHODS

The experiment was conducted at the field laboratory
of the Department of Genetics and Plant Breeding,
Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU), Gazipur during Aus season of
2018 and 2019. The F, generations were developed by
crossing among the selected parents (Table 1) and F,

generations were developed by inbreeding of F.s. The
experimental materials comprised of 17 F, and 15 F,
families and their respective parents of Aus rice.

Pre-germinated seeds of the experimental materials were
sown in well prepared nursery bed for quick germination
and seedling production. Twenty-five days old seedlings
were transplanted in the field with a spacing of 20 cm x 20
cm following Randomized Complete Block Design (RCBD)
with three replications. Each replication had 25 individual
plants from each genotype. Manure and fertilizers were
applied as per BRRI recommendation (BRRI, 2018). Data
were recorded on days to panicle exertion (DPE), plant
height (PHT), days to maturity (DMT), number of tillers
per plant (TPP), number of effective tillers per plant (ETP),
number of non-effective tillers per plant (NET), number
of filled grains (FGP), number of empty grains (EGP),
panicle length (PLT), length of grain (GLT), breadth of
grain (GBD), plant residue weight (PRW), 1000-seeds
weight (TSW), grain yield per plant (YPP).

Statistical analyses

Analysis of variance was carried out separately for
parental, F, and F, generations. Mean, standard error
(SE), coefficient of variation (CV) were calculated
from the replicated data of different characters by
using computer software ‘STAR’ (Statistical Tools for
Agricultural Research) according to Panse and Sukhatme
(1957). Heterosis was expressed as percent increase or
decrease in the mean value of F, over the mid parent
(relative heterosis) and better parent (heterobeltiosis),
on the other hand, inbreeding depression as percent
increase or decrease in the mean value of F, over F,
(Singh and Chaudhary, 1985).

Inbreeding depression is estimated using F, and F,
population according to Talebi et al. (2010).

Inbreeding depression = {(F, — F,)/ F.} x 100

Where,
F, and F, are the mean value of F, and F, progeny.

Table 1. List of cross combinations used in the experiment

Crosses Designations Crosses Designations

PxP, Dhalasaitta x N-ABSS Pex P, BRRI dhan55 x Kataktara
P, xP, Laksmilota x Dhalasaitta P.x P, BR7 x Kataktara

P,x P, Laksmilota x BRRI dhan43 P.x P, BR7 x BRRI dhan55

P,x P, Laksmilota x BRRI dhan55 Pex P, Japonica rice x kataktara
P.x P, Kataktara x N-ABSS Px P, BRRI dhan55 x N-ABSS

P,x P, Kataktara x BR55 Pex P, Japonica rice x BR7

P.x P, Kataktara x BR7 Px P, BRRI dhan55 x Parija

P x P, N-ABSS x BRRI dhan55 PxP,, BR7 x Parija

P.x P, BRRI dhan55 x BR7
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RESULTS AND DISCUSSION

Heterosis expresses the superiority of the F, hybrid over
its parents in terms of yield and other related traits. On
the other hand, inbreeding depression ascertains the
reduction or loss in vigor, fertility and yield as a result
of inbreeding. The knowledge of heterosis along with
the extent of inbreeding depression in subsequent
generations is essential for maximum exploitation of such
heterosis by adopting appropriate breeding methodology.
The magnitude of heterosis helps in the identification of
potential cross combinations to be used in conventional
breeding program to enable a wide array of variability in
segregating generations. The extent relative heterosis
and heterobeltosis were estimated for 13 characters in
17 F, hybrid combinations and the same is furnished in
Tables 2 and 3. The estimates of inbreeding depression
for the 13 traits for 15 F, families were calculated and it is
presented in Table 4.

The estimates of relative heterosis in 17 F,s ranged from
-15.32 (P, x P,,) to 33.21% (P, x P,). Highly significant
positive mid parent heterosis was recorded in P, x P,
(33.21%) followed by P, x P, and P, x P, (Table 2). The
F, P, x P, (15.32) showed highly significant negative mid
parent heterosis for plant height, which is desirable since
dwarfness is an important character in rice as it contributes
to lodging resistance (Bhattarai et al., 2021). The highest
significant positive heterobeltosis was observed in the
cross P, x P, (95.86) for plant height while the cross P,
x P, (-18.3) revealed significant negative heterobeltosis
and the cross P, x P, showed non-significant negative
heterobeltosis (Table 3). The present findings are in
accordance with the results reported by Parihar and
Pathak (2008), Venkatesan et al. (2008), Tiwari et al.
(2011), Kumar et al. (2012), and Sarkar et al. (2024). The
F, progeny of the cross P, x P, (22.42) manifested positive
inbreeding depression followed by P, x P, (16.26), P, x P,
(15.31) and the F, progeny of the crosses P, x P, (-26.51),
P, x P, (-5.64) showed negative inbreeding depression for
plant height (Table 4). The inbreeding depression results
due to fixation of unfavorable recessive genes in the
individuals of F, and dominant genes in other individuals
which causes decrease in vigor of the traits.

The cross P, x P, (8.81 and 15.75) exhibited the highest
positive and significant relative heterosis (8.81) and
heterobeltiosis (15.75) (Table 2 and Table 3). Significant
and negative relative heterosis was observed in 11
crosses with the highest in P, x P, (-6.6) for days to
maturity, which is desirable for this trait. Most of the F,
hybrids flowered earlier than their mid-parents showing
negative heterosis. Similar result was also reported
by Murayama and Sarker (2002). The crosses P, x P,
(-5.96), P, x P, (-4.63), P, x P, (-4.51), P, x P, (-3.72) and
P, x P, (-3.11) showed significant negative heterobeltosis
for days to maturity. The results indicated that these
hybrids possess genes for earliness. The F, populations
of P, x P, (-8.44) exhibited non-significant negative

inbreeding depression followed by P, x P, (-5.84), P, x P,
(-3.95) and the F, populations of P, x P, (10.9) showed
non-significant positive inbreeding depression for days
to maturity followed by P, x P, (9.82), P, x P, (7. 28)
(Table 4). The exhibited non-significant inbreeding
depression indicated the chance of transgressive
segregation for this trait.

Significant and negative heterosis was observed in the
crosses P, x P, (-65.7), P, x P, (-53.16), P, x P, (-26.79).
Significant and negative heterobeltosis was observed in
the crosses P, x P, (-752), P, x P, (-62.5), P, x P, (-37.5),
P, x P, (-36.4) and P, x P, (-36.4) for number of tillers
per plant. The extent of heterosis for number of tillers
per plant was observed to be low and mostly in negative
direction when compared to parental values. Significant
positive average heterosis and heterobeltiosis was
observed for tillers per plant (Devi et al., 2018). This trait
also manifested positive and high inbreeding depression
in the F, populations of P, x P, (42.56) followed by P,
x P, (36.38) and P, x P, (34.9). The results indicated
that degree of inbreeding depression observed in F.s is
related to the magnitude of heterosis observed in F.s .

The crosses P, x P, (111.11), P, x P, (96.52), P, x P,
(78.37), P, x P, (38.03) showed significant and positive
mid parent heterosis for number of effective tillers per
plant (Table 2). None of the cross showed significant
positive values for heterobeltosis (Table 3). Significant
positive heterosis for number of effective tillers per plant
was earlier observed by Singh et al. (1980), Anandakumar
and Sree Rangasamy (1986). Khan et al. (1998) also
reported positive heterosis for number of panicles per
plant in F, hybrids of rice. Basavaraja et al. (1998) also
reported that number of productive tillers per plant can
have a high positive effect towards grain yield per plant.
Significant positive average heterosis and heterobeltiosis
was also observed for effective tillers per plant in rice by
Devi et al. (2018). Number of effective tillers per plant
showed non-significant positive inbreeding depression
for the F, populations of P, x P, (45.14). Non-significant
negative inbreeding depression was observed for number
of effective tillers per plant in the F, populations of P, x
P, (-10.38). Positive inbreeding depression was observed
in the F, populations of P, x P, (95.06) followed by P, x
P, (62.48) and P, x P, (53.5) for this trait, while negative
inbreeding depression was observed in the cross P, x P,
(-645.45).

The cross P, x P, (93.95 and 47.19) exhibited the
highest positive and significant relative heterosis and
heterobeltiosis for number of filled grains per panicle
which is desirable (Table 2). Eleven crosses exhibited
significant negative heterobeltosis for number of filled
grains per panicle (Table 3), among them the cross P, x
P,, (-67.51) exhibited the highest negative value. All the
F, families showed non-significant negative inbreeding
depression except P, x P, (32.56) and P, x P, (16.4)
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for filled grains per panicle. The highest positive and
significant relative heterosis and heterobeltiosis was
observed for number of effective tillers per plant in the
crosses P, x P, (140.42 and 317.23), P, x P, (139.08
and 765.41), P, x P, (48.61 and 140.49) and P, x P,
(48.55 and 137.02). The crosses P, x P, (-53.00), P, x P,
(-22.28) and P, x P, (-21.48) depicted significant negative
heterosis over mid parent for number of empty grains per
panicle (Table 2).

Significant positive heterobeltosis was recorded in five
crosses and none of them showed significant negative
heterobeltosis for this trait (Table 3). The F, families of P, x
P, (63) showed significant positive inbreeding depression
for the character empty grains per panicle, while the F,
families of P, x P, (-56.29) and P, x P, (-56.19) showed
non-significant negative inbreeding depression (Table
4). The results indicated that the degree of inbreeding
depression observed in F,s is related to magnitude of
heterosis observed in F,s for empty grains per panicle.

The crosses P, x P, (34.08 and 18.65), P, x P (23.58 and
8.53), P, x P, (16.97 and 15.27), P, x P, (11.66 and 11.10)
exhibited the highest positive and significant relative
heterosis and heterobeltiosis for panicle length (Tables
2 and 3). Apart from the above, three more crosses P,
x P, (9.85), P, x P, (8.92), P, x P, (7.69) also exhibited
significant positive heterosis over mid parent. Significant
positive average heterosis and heterobeltiosis was also
observed for panicle length by Devi et al. (2018).The cross
P, x P, (-9.45) and P, x P, (-6.79) exhibited significant
negative mid-parent heterosis, while the crosses P, x
P, (-15.28), P, x P, (-12.67), P, x P,, (-11.82) showed
significant negative heterobeltosis for panicle length.
Most of the crosses showed non-significant negative
inbreeding depression for the character panicle length
which indicated that there is a possibility of transgressive
segregation for this trait. The F, populations of P, x P,
(-15.1) had the highest value of inbreeding depression for
panicle length. On the other hand, the F, families of the
crosses P, x P, (9.49), P, x P, (6.92), P, x P, (3.28) and
P, x P, (0.89) showed non-significant positive inbreeding
depression.

None of the crosses showed significant positive average
heterosis and heterobeltiosis for grain length (Table 2
and Table 3). The crosses P, x P, (13.92), P, x P, (13.16)
and P, x P, (6.84) exhibited non-significant positive
heterosis and the cross P, x P, (-11.11) showed the
highest non-significant negative heterosis. The cross P,
x P, (-18.40) showed significant negative heterobeltosis
for grain length (Table 3) and non-significant positive
heterobeltosis for P, x P, (10.53), P, x P, (10.29), P, x
P, (3.01). The F, families of the crosses P, x P, (7.8), P,
x P, (6.72), P, x P, (5.63) and P, x P, (3.71) showed non-
significant positive inbreeding depression for grain length
while the F, generations of P, x P, (-5.53), P, x P, (-2.59)
and P, x P, (-1.14) showed non-significant negative value
for inbreeding depression (Table 4). There was no hybrid

combination having significant positive heterosis over mid
parent and better parent for grain breadth. The crosses
P, x P, (-19.90), P, x P, (-18.64), P, x P, (-12.44), P,
x P, (-12.37), P, x P, (-8.94) and P, x P, (-8.24) showed
significant negative heterosis over mid parent (Table 2).
Six crosses showed significant positive heterobeltosis
and five crosses viz., P, x P, (-12.3), P, x P, (-11.3), P,
x P, (-8.47), P, x P, (-7.16) and P, x P, (-5.07) showed
significant negative heterobeltosis for grain breadth
(Table 3). Significant negative inbreeding depression was
observed for grain breadth in the F, families of P, x P,
(-62.62) followed by P, x P, (-59.26) and P, x P, (-56.27)
(Table 4).

Thousand seed weight is one of the important traits which
influence grain yield per plant (Singh and Patel, 2021).
For 1000-seed weight, the cross P, x P, (36.12) showed
significant positive heterosis followed by P, x P, (16.08)
and P, x P, (14.29). The crosses P, x P, (14.16), P, x
P, (11.76), P, x P, (9.79) manifested numerically higher
positive heterosis over mid parent but the crosses P, x
P, (-13.02), P, x P, (-12.11) and P, x P, (-5.89) showed
non-significant negative heterosis over mid parent. The
only cross P, x P, (27.33) manifested significant positive
heterobeltosis and the cross P, x P, (-22.44) showed
the highest significant negative heterobeltosis followed
by P, x P, (-19.39), P, x P, (-16.33), P, x P, (-12.46).
Ramakrishna et al. (2023) also reported significant
heterosis for 1000-seed weight in rice. The F, families of
crosses P, x P, (-17.91), P, x P, (-7.27), P, x P, (-5.96),
P, x P, (-5.84), P, x P, (-1.77) showed non-significant
negative inbreeding depression and P, x P, (14.55)
showed the highest positive inbreeding depression for
1000- seed weight followed by the F, families of P, x P,
(8.09) and P, x P, (7.61).

Out of the 17 F,s, two crosses showed significant positive
average heterosis and one cross showed significant
better parent heterosis for grain yield per plant (Table
2, Table 3). The crosses P, x P, (160.22) and P, x P,
(63.68) exhibited the highest significant positive relative
heterosis and the cross P, x P, (88.85) showed desirable
heterobeltiosis for grain yield per plant. Significant negative
mid-parent heterosis was observed in the crosses P, x
P,, (-44.75) and P, x P, (-26.75). The parent which had
higher grain yield per plant is considered as better parent
and heterobeltiosis is calculated by comparing F,’s with
the performance of better parent (Table 3). Abdullah
et al. (2018) also reported positive heterosis for grain
yield per plant in F, hybrids of rice. The F, families of P,
x P, (-158.74), P, x P, (-105.27), P, x P, (-52.41), P, x
P, (-40.2), P, x P, (-13.69) and P, x P, (-8.18) exhibited
non-significant negative inbreeding depression for grain
yield per plant, which indicates chance of transgressive
segregation for grain yield per plant in these families. On
the other hand, the F, families of P, x P, (44.84), P, x P,
(29.78), P, x P, (16.73), P, x P,, (15.44) showed non-
significant positive inbreeding depression for grain yield
per plant (Table 4). Heterosis for grain yield per plant
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Table 4. Estimates of inbreeding depression for 13 agronomic traits of 15 F, population of Aus rice

Genotypes DPE PHT DMT TPP ETP NET FGP EGP PLT GLT GBD TsSW YPP
P1 x P4 13.92 1229 -3.09 3269 2099 6248 -72.51 63.00* 3.28 563 -62.62" -17.91 -158.74
P2 x P1 18.02 -26.51 0.7 16.78 2263 -450 -63.34 -6.99 -495 -0.97 -50.26* 1.86 -52.41
P2 x P5 9.31 -5.64 -844 1094 16.71 14.00 -56.29 -56.19 -54 3.71  -56.27* -7.27 -105.27
P2 x P6 14.7 1631 -1.45 31.7 2242 3185 -93.16 5717 6.92 052 -30.27 432 -13.69
P3 x P4 -18.26  7.42 -395 1428 1538 3472 3256 -56.29 -0.88 -1.14 -3285 0.74 4484
P3 x P6 9.95 4.4 -0.1 -2265 -1038 7.18 -37.67 3541 -5.01 -6.63 -2647 -1.77  -40.2
P3 x P7 -12.24  13.91 7.28 -8.21 1241 -159.33 -34.17 26.81 0.89 0.48 -568.3 8.09 9.09
P4 x P6 6.15 5.6 -2.55 349 29689 5350 -63.52 1459 -14.07 2.18 -19.9 3.46 7.63
P6 x P7 13.93 584 9.82 4256 4514 20.00 16.40 34.14 -578 7.8 -44 1455 16.73
P6 x P3 -0.45 1626  0.52 1494 20.32 -64545 -12.76 16.74 -2.12 3.57 -17 7.61 29.78
P7 x P3 5.97 8.14 -0.06 -8.79 9.73 -41.57 -30.44 199 -1.76 -6 -19.13 5.6 17.47
P7 x P6 131 2.38 10.9 7.14 586  34.59 -5444 5717 -15A1 -259 -28.76 -584 -8.18
P8 x P3 -2.43 2242 -195 36.38 10.57 95.06 -37.12 21.31 9.49 6.72 -8.15 0.94 5.01
P6 x P4 0.82 6.85 -5.84 2481 2896 -14.37 -8486 8479 -6.93 359 -2417 -5.96 9.88
P7 x P11 8.94 3.16 3.6 1485 1869 -928 -5257 -040 -8.04 -037 -33.74 0.61 15.44

*, ** represent significant at 5% and 1% level, respectively;

DPE- Days to panicle exertion, PHT- Plant height, DMT- Days to maturity, TPP- Tillers per plant, ETP- Effective tillers per plant, NET-
Non effective tiller per plant, FGP- Filled grain, EGP- Empty grain, PLT- Panicle length, GLT- Length of grain, GBD- Breadth of grain,

TSW- 1000-Seeds weight, YPP- Yield per plant.

could be due to the significant heterosis observed in
component traits viz. productive tillers per plant, panicle
length, grains per panicle, grain length, grain breadth, and
1000-grain weight. Heterosis observed in the hybrids and
inbreeding depression indicated fixation of additive genes
in the progenies for respective traits.
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