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Abstract
An experiment was conducted to study the heterosis of 12 F1 rice hybrids derived 
from crosses between three CMS lines (IR79126A, IR78374A and 0025A) and 
four local restorers (001R, 002R, 003R and 004R). The popular rice variety 
MR 219 was used as standard check. Estimation of standard and better-parent 
heterosis of the F1 hybrid lines was evaluated on yield and yield components. 
The heterosis for days to 50% heading and culm height of the F1 hybrids were 
mostly in negative direction for both standard and better-parent heterosis. This 
indicated that the F1 hybrids have shorter maturation and culm height compared 
to the MR 219 or to their better-parents. Four F1 hybrids, namely HY011H, 
HY009H, HY006H and HY012H have higher yield/plant than MR 219 and have 
standard and better-parent heterosis range from 24.8% to 48.0%. Plant yield 
is positively correlated to the number of panicles/plant, total spikelets/panicle 
and percentage of filled spikelets/panicle. These promising F1 hybrid lines are 
recommended for further evaluation in preliminary and advance yield trials.

Keywords: CMS lines, F1 hybrid, hybrid rice, standard heterosis,
better-parent heterosis

Introduction
Heterosis or hybrid vigour is the 
phenomenon of superiority of F1 generation 
over its two genetically dissimilar parents 
(Virmani 1994). Heterosis has been 
exploited in diverse system including 
mammal, human and plant kingdom 
(Shawn 2012). In rice hybrids, outstanding 
heterosis of their F1 has been reported 
on their morphological, physiological 
and biochemical traits such as bigger and 
heavier panicle, more tiller production and 
more efficient root system (Virmani 1994). 
The expression of heterosis for yield in 
hybrid rice was 20 – 30% over the best 
high yielding inbred varieties. Virmani and 

Edwards (1983) reviewed the prospects of 
hybrid rice breeding and concluded that 
exploitation of heterosis would offer an 
alternative approach towards increasing 
yield potential of rice.
 The heterosis phenomenon can be 
explained by dominance, over dominance 
and epistasis effects (Reif et al. 2012). 
Meanwhile, the magnitude of heterosis 
is expressed in three criteria, namely 
standard heterosis (SH) which measures 
an increase or decrease in the perfomance 
of hybrid compared to a standard check or 
popular variety in the region, mid-parents 
heterosis, a measure of hybrid performance 
in comparison to the average-parental value 
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and better-parent heterosis or heterobeltiosis 
(BP) which measures the increase or 
decrease in performance of hybrid in 
comparison with its better-parent of cross 
combination (Virmani et al. 2003). Among 
the three, SH is considered as the most 
important measurement in the identification 
of superior hybrids over the existing high 
yielding inbred varieties.
 China was the first country that 
exploits the phenomenon of heterosis in 
rice. About 50% of rice area in China were 
planted with hybrid rice varieties with yield 
average around 6.9 t/ha as compared to 
the inbred yield of about 5.4 t/ha (Virmani 
2004). Inspiring from China experience, 
IRRI and other countries including India, 
Vietnam and Philippines had established 
their own hybrid rice breeding programmes 
to exploit heterosis (Parvez 2006).
 Exploitation of heterosis may also 
increase rice productivity in Malaysia. 
Local rice production contributed about 
70% of self-sufficiency level (SSL) for rice 
and the balance had to be imported from 
Thailand, Vietnam and other countries. 
Experience from food crisis in 2008 has 
made rice cultivation to become one of the 
national priorities and to be classified as a 
security crop. The country is now aiming to 
reduce import bills by setting up a national 
rice policy to sustain the current SSL at 
70% through increasing farm productivity. 
One of the promising approaches towards 
rising productivity is by planting hybrid 
rice variety.
 MARDI’s hybrid rice breeding 
programme has three strategies, namely 
through the introduction of imported rice 
hybrids, production of half-Malaysian rice 
hybrids through crossing of imported CMS 
(cytoplasmic male sterile) lines with local 
restorers and finally to produce Malaysian 
own rice hybrids derived from crosses of 
locally developed CMS and local restorer 
lines (Othman et al. 2008).
 Through collaborations with IRRI 
and other local-based companies such as 
RB Biotech and Puncak Kaji, MARDI had 

evaluated several imported hybrids, mainly 
from China, India and Philippines. However, 
most of these imported hybrids were inferior 
in grain quality, low yielder, susceptible 
to local pests and diseases, and not well 
adapted to local environments, except for 
a few selected potential hybrid lines. A 
hybrid variety named as SIRAJ was released 
for commercialisation in 2011 at MARDI 
Tambun Tulang, Perlis.
 The current emphasis of MARDI 
hybrid rice breeding programme is to 
identify and develop local hybrid parental 
lines. MARDI has developed its own local 
CMS lines and several potential local 
restorer lines had also been identified. These 
potential lines were used in hybrid rice 
breeding programme (Elixon et al. 2013). 
The objective of this study was to evaluate 
the magnitude of heterosis of several 
locally developed rice hybrids in order to 
identify desirable local hybrid rice lines for 
commercial release.

Materials and methods
The experiment was carried out at MARDI 
Seberang Perai during main season 2011 – 
2012. The experimental materials involved 
three CMS lines namely IR79126A and 
IR78374A from IRRI and 0025A, previously 
developed by MARDI. Four local restorer 
lines coded as 001R, 002R, 003R and 
004R were used as male parents. Crosses 
were made during off-season 2011 and 12 
F1 hybrid lines were produced, coded as 
HY001H, HY002H, HY003H, HY004H, 
HY005H, HY006H, HY007H, HY008H, 
HY009H, HY010H, HY011H and HY012H. 
All F1 hybrids together with their parents 
were planted in the experimental field 
in a randomised complete block design 
(RCBD) with three replications. Rice variety 
MR 219 was used as standard check variety. 
The crops were fertilised with 100:80:90 
NPK. Seedlings at the age of 15 – 20 
days old were planted in the field, single 
plant per point with a planting distance of 
25 cm x 25 cm.
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 The following data were taken from 
five randomly selected hills/line/replicate. 
Data on the days to 50% heading, culm 
height (cm), number of panicles/plant, 
panicle length (cm), number of spikelets/
panicle, filled spikelets/panicle (%), 
1,000-grain weight (g) and plant yield 
(g) were recorded. Data were analysed 
according to analysis of variance (ANOVA) 
as outlined by Gomez and Gomez (1984). 
Heterosis was recorded as SH and BP by 
using the following formula of Fehr (1987):

SH = (F1 – Check variety) × 100
 –––––––––––––––––––––––
 Check variety

BP = (F1 – Better-parent) × 100
 –––––––––––––––––––––
  Better-parent

The test of significance for heterosis was 
carried out by comparing the calculated 
to the tabulated value of ‘t’ at 5% and 
1% levels of significance. Phenotypic 
coefficients of correlation were computed 
using Pearson’s linear correlation as outlined 
by Steel and Torrie (1984).

Results and discussion
There was significant variation among 
rice genotypes for yield and other yield 
component traits (Table 1). No significant 
effects of replicates were observed on 
variations between means of treatments. 
Days to 50% heading of the rice genotypes 
ranged from 56 to 68 days (Table 2). Most 
of the hybrid lines significantly maturated 
1 – 4 days earlier than the check variety 
MR 219 (66 days) except for the hybrid 
lines HY002H, HY005H and HY011H. All 
maintainer lines, including IR79126B were 
also matured earlier than MR 219, while 
three out of four restorer lines matured 
simultaneously with the check variety.
 Most of the hybrid lines evaluated 
had significantly shorter culm height (54.6 
– 63.1 cm) than MR 219 (68.8 cm) except 
for HY008H (64.2 cm), HY007H (65.1 
cm), HY004H (66.7 cm) and HY005H Ta
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(67.8 cm) which might be due to the height 
of their parents which were also shorter 
than MR 219, except that of the restorer 
002R (70.7 cm). Only one hybrid HY011H 
produced more number of panicles (17) 
than that of MR 219 (13), while the others 
produced less or equivalent number of 
panicles to MR 219. Meanwhile, 003R 
produced the least number of panicles 
per plant (9) while, the maintainer line 
IR79126B produced more (17). The panicles 
of all hybrid lines were significantly longer 
(27.6 – 29.4 cm) than that of MR 219 
(26.0 cm). One of the restorers, 002R had 
significantly long panicle (27.7 cm) as 
compared to MR 219 (Table 2).
 Results on the total number of 
spikelets/panicle showed that, none of 
the hybrid lines significantly have more 
spikelet numbers than that of MR 219 (200), 
even though in magnitudes there are small 
variations among lines (Table 2). Their 
percentages of filled spikelets/panicle were 
also comparable to that of MR 219 (75.0%), 
which ranged from 69.8% to 82.6%. Among 
the parents, only IR79126B and 0025B 
produced higher percentages filled spikelets/
panicle (85.5 and 92.8% respectively). 
Results on 1,000-grain weight showed that 
hybrid lines HY004H and HY009H had 
heavier grains (27.7 and 28.0 g respectively) 
than that of MR 219 (25.4 g). Most of 
the hybrid lines mean yield were lower 
or not significantly different from that of 
MR 219 (34.0 g/plant) except HY009H 
(46.5 g/plant) and HY011H (47.4 g/plant). 
The yield of HY006H and HY012H are 
high in magnitudes (43.7 and 42.4 g/
plant respectively) than MR 219, even 
though their differences are not significant. 
Similarly, none of their parents, had higher 
mean yield than MR 219, and in fact the 
panicle yield of 001R was significantly 
lower at 22.2 g/plant.
 The increased yield of those several 
hybrid lines could possibly due to the 
contribution from various yield component 
traits. The result of correlation analysis as 
shown in Table 3 reveals that the obtained 
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yield/plant is highly correlated with the 
number of panicles/plant (r = 0.72), total 
spikelets/panicle (r = 0.36) and percentage 
of filled spikelets/panicle (r = 0.42). 
Results also showed that the total spikelet 
number/panicle is significantly correlated 
with panicle length (r = 0.55) and culm 
height (r = 0.36), while panicle length is 
significantly correlated with culm height 
(r = 0.54). These results indicated that 
yielding ability of a plant could be achieved 
through manipulation of these major traits, 
namely the number of panicles/plant, total 
spikelets/panicle and percentages of filled 
spikelets/panicle and as well as contribution 
from the other secondary traits such as 
panicle length, plant height and 1,000-grain 
weight as mentioned by Duan et al. (2013).
 The number of panicles produced 
per plant is an important trait and is 
closely associated with high yield potential 
either for both hybrid or inbred varieties. 
Previously, Muhammed et al. (2007) have 
also reported that grain yield has positive 
correlation with the number of panicles/
plant, while Ramakrishman et al. (2006) 
observed that yield obtained is positively 
correlated with the number of spikelets/
panicle.
 The range of heterosis for days 
to 50% heading was –7.6 to –2.0% for 
SH and –5.2 to 10.7% for BP heterosis 
(Table 4). The magnitude of heterosis 
for all hibrids showed negative effect for 
SH which is highest from five hybrids, 
HY001H, HY003H, HY007H, HY008H and 
HY012H. This indicated that these hybrid 
lines matured earlier than MR 219. The 
magnitudes of BP heterosis for days to 50% 
heading were also negative for HY012H, 
HY009H, HY006H and HY008H which also 
indicated that these lines matured earlier 
than their best parents. Negative heterosis 
for days to heading in rice hybrids had also 
been reported previously by Kumar et al. 
(2012).
 SH for culm height showed negative 
direction (–20.7% to 1.5%), but positive 
direction (4.3 – 23.2%) for BP heterosis 

(Table 4). Most of the hybrid lines showed 
significant negative SH except HY004H, 
HY005H and HY007H. The maximum 
negative effect for SH was shown by 
HY003H, followed by HY012H and 
HY006H. BP heterosis for all hybrid 
lines showed significant positive effect 
for culm height except for HY010H. 
Negative heterosis for plant height has 
also been reported by Kumar et al. (2012).
Its shorter plant statue is desired for 
preventing lodging. Lodging in rice crop 
is closely related to the tallness of the 
plant (Takayuki et al. 2005), that could 
decrease the photosynthesis activities and 
photo-assimilation, thus resulted in poor 
grain filling and yield reduction. On the 
other hand, if lodging is a non-issue, strong 
positive SH could be desirable because culm 
height is associated with culm length and 
indirectly could contribute to better yield 
(Table 3).
 Ranges of heterosis for the number of 
panicles/plant was –17.9% to 33.3% for SH 
and –38.5% to 30.3% for BP. The highest 
and significant SH heterosis was obtained 
with HY011H followed by HY001H 
and HY005H (Table 4). The highest and 
significantly different of BP heterosis was 
obtained with hybrids HY009H, followed by 
HY003H, HY006H and HY011H.
 Generally, positive heterosis for panicle 
length is desirable in breeding of rice hybrid 
because it is associated with more spikelets 
in the panicle that contribute to higher 
production. The magnitude of heterosis for 
panicle length was positive for all hybrids 
(Table 4). Range of heterosis for panicle 
length was 3.1 – 12.8% for SH and 1.1 – 
8.2% for BP. Results showed that HY004H, 
HY005H, HY010H and HY007H gave the 
higher positive SH heterosis for panicle 
length. Meanwhile, HY008H showed higher 
positive for BP heterosis. The significant 
positive heterotic effect indicates that those 
hybrid lines had increased panicle length. 
Significant SH for panicle length also have 
been reported by Banumathy et al. (2003). 
Dey et al. (2013) observed a range of BP 
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heterosis of panicle length from –4.49% to 
9.89% from his studies.
 The percentage of filled spikelets/
panicle is very important due to its direct 
contribution to yield potential. The study 
showed that the range of heterosis for filled 
spikelets/panicle was –6.8% to 10.2% for 
SH and –21.1% to –6.5% for BP (Table 5). 
Results of Table 5 showed that SH for 
percentage of filled spikelets/panicle was 
significantly higher for HY009H, HY006H 
and HY012H.
 However, all hybrid lines showed 
negative BP heterosis for percentage of 
filled spikelets/panicle, which indicate that 
the hybrid parents were greater in their grain 
filling capability as compared to offspring. 
Similarly, Ammar et al. (2014) also 
observed that 47 out of 50 F1 hybrids have 
negative BP heterosis for filled spikelets/
panicle trait. Tiwari et al. (2011) also 
reported that out of 60 crosses generated, 
47 crosses have positive BP heterosis, while 
35 crosses resulted with positive SH in a 
study involving three rice CMS and 20 elite 
restorers. The fertiliser rate applied during 
crop growth was 100:80:90 of NPK, a rate 
most probably was not suitable for those 
tested hybrids. Hybrids varieties have been 
known to be more responsive to nitrogen. 
Therefore, an appropriate fertiliser packages 
could probably improve this weakness and 
better grain filling capability among the 
lines. According to Sahar et al. (2012), the 
yield of hybrid GRH1 was significantly 
increased from 6,989.8 kg/ha to 8,611.9 kg/
ha with an increasing of nitrogen levels from 
100 to 300 kg/ha.
 Number of spikelets produced per 
panicle is one of the important criteria for 
higher yield. Large panicle is associated 
with more number of grains per panicle, 
thus resulting in higher productivity (Tiwari 
et al. 2011). Hybrids with positive heterosis 
are desirable. The positive heterotic effect 
also contributed in increasing the production 
of spikelets/panicle due to hybrid vigour 
(Jarwar et al. 2013).
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 Results showed that the range of 
SH was –8.7% to 14.2%. Only HY004H 
showed significant and high SH for number 
of spikelets/panicle (Table 5), followed 
by HY005H and HY007H. All except one 
hybrid (HY008H) showed positive BP 
heterosis. Ammar et al. (2014) have reported 
that 23 out of 50 of F1 hybrids used in his 
studies showed positive SH with the highest 
value of 39.79%, while only 2 out of 50 F1 
hybrid resulted positive BP heterosis with 
the highest value of 13.56%.
 The range of SH for 1,000-grain 
weight was –1.3% to 10.2% (Table 5). 
Hybrids HY009H and HY004H have highly 
significant SH while HY005H, HY011, 
HY007H, HY012H, HY006H and HY008H 
also have significant positive SH with values 
ranged from 5.8% to 7.6%. Meanwhile, the 
range of BP heterosis was between –5.8 
and 6.1%, which the highest was HY002H, 
while HY008H and HY007H showed 
negative BP heterosis. Significant positive 
heterosis effect indicates that the heavier 
weight of the rice grains would contribute to 
hybrid yield potential (Jarwar et al. 2013).
 The magnitude of SH for yield/plant 
was significantly highest on HY011H and 
HY009H (Table 5), followed by HY006H 
and HY012H,which indicate that they 
are potentially high yielders and better 
than MR 219. Their BP heterosis were 
significantly different from their better 
parents. This study obtained SH values 
comparable to those obtained by other 
researchers including Latha et al. (2013), 
where the BP (57.35%) and SH (25.51%) 
were observed over the check hybrids used 
in their studies.

Conclusion
Hybrid lines HY011H and HY009H 
produced significantly higher yield than 
the check popular variety MR 219 or 
their parents. When based on heterotic 
estimation, it can be concluded that hybrid 
lines HY011H, HY009H, HY006H and 
HY012H showed oustanding yield/plant, 
estimated based on both standard heterosis, Ta
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and better-parent, heterosis values as 
compared to other hybrid lines evaluated, 
and this is an important criteria used in 
selecting promising hybrids. The four hybrid 
lines have positive direction standard and 
better-parent heterosis values for the major 
yield component traits. Even though these 
hybrid lines showed negative better-parent 
heterosis values for percentage of filled 
spikelets/panicle, but this limitation could be 
improved through application of appropriate 
agronomic package to improve the grain 
filling efficiency. These four promising 
hybrids are recommended for further 
evaluation in preliminary and advance 
yield trials. For commercial advantages, 
yield potential of 15 – 30% higher than the 
current popular local inbred varieties should 
be promoted to encourage adoption and 
acceptability by the farmers.
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Abstrak
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