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Study of combining ability in association with heterosis in rice (Oryza sativa
L.)

Please answer to this questions?

What was the primary objective of this study? Why was it important to
investigate the combining ability and heterosis in rice, and what specific
problem or knowledge gap was this study trying to address?

How were the lines and testers chosen for this experiment? Was there a
specific criteria that guided their selection, and if so, how did these choices
support the goals of the study?

Could you provide more details on the methodology, particularly how was
the Line-by-Tester mating design implemented, and why was this the most
suitable approach for the study’s objectives?

What were the main findings from this study, especially in relation to the
general combining ability (gca) and specific combining ability (sca) of the
tested lines and testers, as well as the heterosis observed?

How can the results of this study be applied in future crop improvement
programs? Are there specific combinations of parents and F1 hybrids that
are particularly promising based on this research, and what steps should be
taken next to further validate these findings?

Abstract

In the current investigation, eight lines KNM 12444, KNM 12469, KNM 12472, KNM
13449, KNM 13555, KNM 13568, KNM 14913 and KNM 14985 were crossed with four
testers namely Aganni, IBT MRR 24, INRC 3021 and WGL 1119 in Line by Tester mating
design during rabi season of 2021-22. The resultant 32 F;’stogether with parents and two



commercial checks, KNM 118 and KNM 1638 were evaluated for their combining ability and
heterosis at Agricultural Research Station, Kunaram during kharif season, 2022.The analysis
of variance for combining ability specified that significant differences were observed due to
lines, testers, Fi” hybrids and various interactions indicating the existence of wider
adaptability in the material examined. The ratio of gca to sca variances showed that non-
additive gene action was predominant in the inheritance of panicle length, plant height,
number of productive tillers/plants, grain yield per plant, kernel length, kernel L/B ratio and
incidence of gall midge, whereas, preponderance of additive gene action was noticed for
1000 grain weight, days to 50% flowering, number of filled grains per panicle, kernel
breadth, hulling percentage, milling percentage and head rice recovery. The gca effects of the
parents revealed that, the line KNM 13555 and the testers Aganni, IBT MRR 24 were found
to be the best general combiners for single plant yield and its components. Based on the
significant sca effects, per se performance, standard heterosis and gall midge incidence,
KNM 12469/Aganni followed by KNM 13555/INRC 3021, KNM 13568/IBT MRR 24,
KNM 12472/Aganni and KNM 13449/Aganni were identified as promising for single plant
yield, its components, quality traits and gall midge incidence. Hence, these parents and F;
hybrids may be further tested for future crop improvement programme.
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Introduction

Rice (Oryza sativa L.) is a staple food for over half of the world's population and
essential crop for food security. Asia solitarily supplies more than 90% of the world’s rice
and 20% of the global dietary energy [1]. According to the USDA, approximately 503.3
million tonnes of milled rice has been produced globally during 2022-23 marketing year [3].
Notably, China leads as the largest rice producer, yielding 148.27 million tons of milled rice,
followed by India (120.54 million tons), Indonesia (34.96 million tons), Bangladesh (34.77
million tons), and Vietnam (27.31 million tons [2]. Similarly, in terms of consumption, China
ranked highest, with 150.62 million tons of milled rice, trailed by India (104.17 million tons),
Bangladesh (36.10 million tons), Indonesia (35.51 million tons), and Vietnam (21.38 million
tons) [3].

Climate change is projected to increase global rice production and consumption by
18% relative to 2010 and per capita land availability for rice cultivation is expected to
decrease by 25% by 2050 [4]. Ensuring food security for a growing global population
requires significantly increasing rice yield potential [5]. However, limited resources and the
impact of biotic and abiotic stresses pose considerable challenges in rice production [6].

One of the key challenges faced by plant breeders in improving high-yielding
varieties is selecting suitable parents and crosses [7]. In crop plant breeding, out of different
genetic components estimations, the analysis of combining ability is an effective method to
overcome this problem [8]. For estimating genetic components, the line x tester method
proposed by Kempthorne in 1957 [16] is useful for obtaining precise measurements of
general combining ability (gca) and specific combining ability (sca) and selecting parents for
the hybridization program. This will aid in the assessment of gca and sca variances in
addition to their effects and thus helps to deduce the nature of gene action responsible for the



expression of economically important quantitative traits and to choose the plant breeding
methods [9].

Heterosis in rice was initially observed by Jones (1926) [10], who noted significant
increases in culm number and grain yield in certain F; hybrids compared to their parents.
Chinese scientists later demonstrated the commercial application of heterosis, achieving a
yield increase of approximately 20% over semi-dwarf varieties [11]. Both negative and
positive heterosis play vital roles in plant breeding, depending on the breeding objectives.
Positive heterosis is sought after for enhancing yield, while negative heterosis is valuable for
promoting early maturity [12]. Breeding strategies centered around exploitation of heterosis,
necessitate high levels of specific combining ability and heterosis in crosses.

Rice is one of the most predominantly grown crops in Telangana state during rainy
and post rainy seasons. Rice is being grown in an area of 41.89 lakh hectares with the
production and productivity of 218 lakh tons and 5215 kg/ha, respectively [13]. In some parts
of Telangana, major problem is high incidence of gall midge (Biotype 3) in kharif under early
as well as late planting conditions. The Asian rice gall midge, Orseolia oryzae (Wood-
Mason) is one of the important insect pests in Northern Telangana. More recently, gall midge
incidence has been increased in almost all the rice growing states of India which results in
considerable yield losses as affected tillers bear no panicles or grains. In contrast, the
maggots fail to induce gall formation on the resistance varieties and perish in 2-4 days after
hatching. Hence, breeding for gall midge resistant varieties has been important strategy with
more yield [14].

Hence, the present investigation was undertaken to study the combining ability of rice
genotypes through Line x Tester design along with the estimation heterosis for yield, yield
contributing characters, quality traits and incidence of gall midge.

Materials and methods

The present investigation was conducted at an experimental farm of Agricultural
Research Station, Kunaram, Peddapalli District of Telangana state during the the rice-
growing kharif season, 2022. The farm is geographically situated at 18.6° N Latitude, 79° E
Longitude and an elevation of 231 m AMSL. The soil is silty loam with pH 7.43 and EC 0.26
dSm™.

This study was aimed at to evaluate the levels of combining ability between the lines
and testers, and among the crosses, and to estimate the heterosis in order to identify superior
crosses for yield and yield attributing traits, and quality traits along with incidence of gall
midge.

A total of 12 parental genotypes, enlisted in Table 1, which were crossed in a Line-by-
Tester fashion during the rabi season of 2021-22, resulting in 32 F; hybrids. The
experimental material, consisting of 46 genotypes in total, including 32 F; hybrids, 12
parents, along with the inclusion of commercial checks KNM 118 and KNM 1638 were
evaluated during the kharif season of 2022 in a randomized block design (RBD) with three
replications for 14 various characters. Thirty-day-old seedlings were transplanted in the main
field with a spacing of 20 cm x 15 cm between and within the rows, respectively. The
experimental procedures followed the recommended agronomic and cultural practices to



ensure optimal growth and development of the rice plants.

Table 1. Details of genotypes

S.No | Genotypes Source Salient features
Lines
1 | KNM 12444 | ARS, Kunaram Early duratloq (125?130 days) with short slender
and good quality grains.
2 | KNM 12469 | ARS, Kunaram I__ong d_uratlon (145-150 days), medium slender
rice variety.
3 | KNM 12472 | ARS, Kunaram Long durgtlon (145-150 days) with medium
slender grain type.
4 | KNM 13449 | ARS, Kunaram Short duration (125-1_30 days) coupled with short
slender and good quality grains.
5 | KNM 13555 | ARS, Kunaram Me_dlum duration (130 days), long slender rice
variety.
6 | KNM 13568 | ARS, Kunaram Short du_ratlon_ (125-130 days) along with long
slender rice grains.
7 | KNM 14913 | ARS, Kunaram Early duratlor} (125?130 days) with short slender
and good quality grains.
8 | KNM 14985 | ARS, Kunaram Short dgratlon_ (125-130 days) along with long
slender rice grains.
Testers
1 | Aganni RARS, Jagtial Long_duratlo_n (160 days), medium slender and
gallmidge resistant genotype.
> | IBT MRR 24 IB1_', Egrly durat!on (12Q days) long slender rice variety
Rajendranagar with gall midge resistance.
3 | INRC 3021 IIR_R, Short durat!on (1ZQ days) long slender rice variety
Rajendranagar with gall midge resistance.
4 | WGL 1119 RARS, Shqrt du_ratlon (120 days_) medium slender rice
Warangal variety with gall midge resistance.
Checks
Short duration (120-125 days), long slender rice
1 | KNM 118 ARS, Kunaram | variety with resistance to leaf blast and moderately
resistant to neck blast.
Early duration (120-125 days), medium slender
2 | KNM 1638 | ARS, Kunaram | rice variety with moderately resistance to blast and

gallmidge.

Observations were recorded for the following yield and yield-contributing traits,
incidence of gall midge and quality traits for the five randomly selected plants (excluding




border plants) from the middle of the row of each entry in every replication, except for days
to 50% flowering which was recorded on a plot basis for statistical analysis. Data on days to
50 per cent flowering, plant height, panicle length, number of productive tillers per plant,
number of grains per panicle, 1000-grain weight and grain yield per plant in addition to
quality traits such as, hulling per cent, milling per cent, head rice recovery, kernel length,
kernel breadth and kernel L/B ratio were recorded.The data recorded on the 32 F;s crosses
and 12 parents were subjected to study the variances among parents and their respective
crosses by using statistical analysis INDOSTAT version 8.1. The means of all characters
were subjected for variance analysis [15], combining ability [16] and estimation of the
heterosis [17].

Results and discussion

The analysis of variance for combining ability of all the traits under study has been
presented in Table 2. The variance for combining ability due to parents, treatments and
crosses was highly significant for all the characters under study. The variance due to parent
vs. crosses was also found highly significant for most of the characters except number of
filled grains per plant and hulling per cent. The variance due to lines was found significant
for all the traits; whereas the variance due to testers was found non- significant for incidence
of gall midge, milling per cent and head rice recovery per cent. When the crosses were
partitioned into lines, testers and line x tester effects, the interaction effects (Lines x Testers)
were found to be significant for most of the traits under study except hulling per cent
indicating sufficient variability in the material used for study.

Similar works have been reported by Bagheri et al. (2010) [18], Rahimi et al. (2010)
[7], Sarial (2014) [19], Devi et al. (2015) [20] and Bano et al. (2019) [21] for lines and Line x
Tester interaction, Kumar et al. (2006) [22], Priyanka et al. (2014) [23], Sreelakshmi et al.
(2018) [24], Deepika et al. (2019) [25], Ghidan et al. (2019) [26], Ambikabathy et al. (2019)
[27], Mohan et al. (2021) [2], AnandaLekshmi et al. (2020) [28], Budhlakoti et al. (2020)
[29] and Barhate et al. (2021) [30] and Azad et al. (2022) [31] for crosses, lines and Line x
Tester interaction, Kour et al. (2019) [32], Keerthiraj et al. (2021) [33] and Bassuony [34] for
treatments, hybrids, testers and Line x Tester effects, EI-Hadi et al. (2020) [35], Singh et al.
(2021) [36] and Yadav et al. (2021) [37] for treatments, lines and Line x Tester effects,
Singh et al. (2020) [38], Neupane et al. (2022) [39] and You et al. (2022) [40], Nagamani et
al. (2022) [41], Rahman et al. (2022) [42], Sakran et al. (2022) [43] and Ramakrishna et al.
(2023) [44] for Line x Tester interaction in rice.

In general, general combining ability is associated with additive gene action, whereas
specific combining ability is due to dominance and epistasis. It was found that gca variances
were higher than sca variances for majority of the traits which indicated the predominance of
additive gene action. Estimates of extremely significant gca and sca variance for some of the
traits demonstrated the involvement of both additive and non-additive genes in the
manifestation of the characters. The inheritance of several quantitative aspects in rice,
including additive and non-additive gene effects, confirmed prior findings by Kargbo et al.
(2019) [45], Fels et al. (2021) [46] and Mazal et al. (2021) [47]. Table 3 also shows that
variances of gca/sca ratios exceeded unity for the days to 50% flowering, 1000 grain weight,



number of filled grains per panicle, hulling percentage, milling percentage, head rice
recovery and kernel breadth, indicating that additive gene action is more important than non-
additive gene action in controlling these features. Therefore, transgressive breeding is a
superior option for these traits. Furthermore, other breeding methodologies such as biparental
mating, reciprocal recurrent selection, or diallel selective mating may be reconstituted than 8
conventional pedigree method which would leave the unfixable components of genetic
variances untapped for grain yield and its associated traits which were controlled mainly by
additive along with non-additive gene action.

In contrast, its ratio was less than unity for the characters plant height, panicle length,
number of productive tillers/plants, grain yield per plant, incidence of gall midge, kernel
length and kernel L/B ratio indicating predominance of nonadditive genetic variance, and
hence, it gives a very good insights for exploitation of heterosis for crop improvement for
these traits. The results were in accordance with the earlier findings of Mallikarjuna et al.
(2014) [48] for culm length; and Mallikarjuna et al. (2014) [48] for panicle number plant per
plant, spikelet fertility and panicle length; Patil et al. (2012) [49], Bano and Singh (2019) [21]
and Ramakrishna et al. (2023) [44] for grain yield plant per plant in rice.

Degree dominance was more than unity for all the traits except days to 50%
flowering, 1000 grain weight, number of filled grains/ panicle, hulling per cent, milling
percent, head rice recovery, kernel length and kernel breadth which indicates over
dominance, is the cause of heterosis.



Table 2. Analysis of variance for combining ability (LinexTester) for yield, yield components, gall midge incidence and quality traits

Daysto | Plant . No.of |~ in yield|No. of filled| 1000- | Incidence . - |Head rice| Kernel | Kernel
Source of . . Panicle |productive : . Hulling | Milling Kernel
variation d.f 50%floweri| height length (cm)| tillers per per plant | grains per | grain of gall (%) (%) recovery | length | breadth L/B ratio
ng (cm) g plan‘: ) panicle  weight (g)| midge (%) @) | (mm) | (mm)
Replicates | 2 1.0 45 0.9 0.4 16.3 35.8 16 22.2% 1.31 5.8 8.3 0.0 0.0 0.0
Treatments| 43 | 163.9%% | 674.9%% | 55%* 7.6%* B4.1** | 5813.5%% | 72.8%% | 1656%% | 7.71%% | 161.2%% | 87.8%% | L1%* | 02%% | 0.6**
Parents | 11 | 272.4%% | 1510.6%* | 8.0%* 8.8%* 24.7%% | 13879.6%% | 134.4%* | 72.8%% | 11.62%% | 587.8%% | 46.8%* | 2.2%% | 04** | 0.9%*
F(’Elrre]gst)s 7 | 31760 | 230.0%* | 6.0%* 3.6% 24.7%% | 12802.8%% | 165.5%% | 47.6%* | 1155%% | 9165%* | 56.6%* | 31** | 02%% | 05%*
gigf:rt;) 3 | 139.3% | 4870.9%* | 14.9% | 204** | 314* | 313L7** | 954* | 152 6.30* 5.9 6.0 | 0.9% | 10%* | 2.0%
Pa(g”% (L] ¢ | 3556%% | 393.4%* 0.8 11.7%% 48 53660.9%% | 33.6%* | 422.4** | 28.03** | 32.3** | 101.0** | 0.0 0.6%* | 0.6%*
Pgrr%rggség/s 1| 115%% | 4147+ | 27.4% | 19.9%* | 1053.9%* | 15021 | 4.9%% | 4236%% | 406 | 520%% | 46.1% | 02%% | 05% | 0.6**
Crosses | 31 | 130.3** | 386.8%* | 3.9** 6.8%* 73.9%% | 3087.5%% | 532%% | 100.2%% | 6.45%* | 13.3%% | 103.7%* | 0.8%* | 02%% | 04**
Line effect | 7 | 409.8%* | 1460 6.1 6.7 96.9 9485.8%* | 167.1%* | 427.6% | 9.84* | 39.9%% | 409.1%* | 22%* | 0.3* 05
Tester effect| 3 | 324.8** | 837.6 41 9.3 145.9 25462 | 122.3** | 1069 | 1850** | 9.8 63.5%% | 17+ | 04% | 11*
Tes%e'rr‘zf);ect 21 | 9% | 4027%% | 3.0% 6.4%* 55.9%% | 1032.0% | 53%* | 1229%* | 360 | 4.9% | 7.6% | 02%% | 01% | 03**
Error | 86 11 6.9 0.9 15 8.3 558.8 05 5.8 2.22 2.3 3.0 0.0 0.0 0.0
Total |131| 545 226.1 2.4 35 333 2275.6 243 58.5 401 545 30.9 0.4 0.1 0.2
*Significant at 5 per cent level, ** Significant at 1 per cent level




Table 3. Estimates of general and specific combining ability, variance, proportionate
gene action and degree of dominance.

Degree of
S. 5 o 2 2 o’gca / domlilance Nature of
ource of variation ¢°gca | 6°sca 5 = .
No g“sca \/—Gzﬁ gene action
“o’gca
1 | Days to 50% flowering 40.69 | 2.76 14.74 0.26 Additive
2 | Plant height 53.88 | 131.94 | 0.40 1.56 Non additive
3 | Panicle length 0.46 0.72 0.63 1.25 Non additive
4 | No. of productive tillers/ plant | 0.72 1.65 0.44 1.50 Non additive
S | 1000 grain weight 16.02 1.61 9.92 0.31 Additive
6 | No. of filled grains/ panicle 606.35 | 157.74 | 3.84 0.51 Additive
7 | Grain yield per plant 1256 | 15.86 0.79 1.12 Non additive
8 | Incidence of gall midge 29.04 | 39.02 0.74 1.15 Non additive
9 | Hulling per cent 1.32 0.45 2.89 0.58 Additive
10 | Milling per cent 2.50 0.86 2.89 0.58 Additive
11 | Head rice recovery 25.92 | 153 16.87 0.24 Additive
12 | Kernel length 0.21 0.06 3.39 0.54 Additive
13 | Kernel breadth 0.03 0.02 1.49 0.81 Additive
14 | Kernel L/B ratio 0.08 | 0.09 0.89 1.05 Non additive

The general combining ability (gca) effects of twelve parents i.e., eight lines and four
testers and specific combining ability effects (sca) of thirty two cross combinations were
estimated according to the procedure described by Kempthorne, 1957 [16]. The character
wise results of gca effects of the parents have been presented in the Table 4 and sca effects
of F; crosses are presented in Table 5. For traits like days to 50% flowering, plant height and
incidence of gall midge, the negative significance is more desirable while in considering the
traits like panicle length, number of productive tillers per plant, 1000-grain weight, number of
filled grains per panicle, grain yield per plant, hulling per cent, milling per cent, head rice
recovery per cent, kernel length, kernel breadth and kernel L/B ratio, the positive significance
is much more appreciated.

The estimation of gca effects of the parents (Table 4) revealed that, none of the
parental genotypes showed all the desirable traits under single roof. However, the line KNM
13555 and the testers Aganni, IBT MRR 24 were the strongest general combiners among all
the parents. Since, KNM 13555 showed positive significance for grain yield per plant (1.6),
1000-grain weight (4.9), milling per cent (1.5), head rice recovery (3.0), kernel length (0.5)
and kernel breadth (0.2). Whereas, Aganni reported positive significance for grain yield per
plant (2.4), panicle length (0.5), number of productive tillers per plant (0.6), head rice
recovery (1.6) and kernel breadth (0.06) coupled with desirable negative significance for
incidence of gall midge (-1.3). The line, KNM 13568 was deemed as the best donor for grain
yield per plant (5.0), panicle length (1.0), 1000-grain weight (4.7), milling per cent (0.9),




head rice recovery (2.7), kernel length (0.4) and kernel L/B ratio (0.2). Moreover, tester IBT
MRR 24 also showed positive significance for 1000-grain weight (2.8), hulling per cent (1.0),
milling per cent (0.6), head rice recovery (1.0), kernel length (0.2) and kernel breadth (0.1).

Next to these lines, KNM 13449 was considered as good general combiner for days
for 50 per cent flowering (-6.7), plant height (-4.6) and incidence of gall midge (-5.7) in
addition to number of productive tillers per plant (0.8), number of filled grains per panicle
(36.1) and head rice recovery (1.1); The tester, INRC 3021 showed good general combining
ability towards days 50 per cent flowering (-5.1), plant height (-2.6) and incidence of gall
midge (-2.2) along with kernel length (0.2) and kernel L/B ratio (0.2).

Kumar et al. (2006) [22], Priyanka et al. (2014) [23], Sreelakshmi et al. (2018) [24],
Deepika et al. (2019) [25], Kour et al. (2019) [32], AnandaLekshmi et al. (2020) [28], El-
Hadi et al. (2020) [35], Keerthiraj et al. (2021) [33], Singh et al. (2021) [37], Nagamani et al.
(2022) [41] and Sakran et al. (2022) [43] also concluded similar results in their studies.

The information regarding sca effects of F;s (Table 5) provided insights that, no
individual cross combination expressed all the traits of objective. Among all the crosses,
seven crosses expressed significant and positive sca effects for grain yield per plant. KNM
14985/IBT MRR 24 which expressed itself as good specific combiner for grain yield per
plant (7.3), incidence of gall midge (-13.6) and plant height (-5.3), followed by KNM
13555/INRC 3021 (grain yield per plant, 1000-grain weight along with incidence of gall
midge) and KNM 13449/IBT MRR 24 (grain yield per plant, panicle length and incidence of
gall midge). Including for grain yield per plant, KNM 12469/Aganni reported better desirable
sca effects for panicle length, number of productive tillers per plant coupled with incidence
of gall midge but it had undesirable sca effect for plant height (9.7). KNM 12444/INRC 3021
and KNM 13449/Aganni were next best performers for grain yield per plant with respect to
sca effects.

Similarly, the crosses KNM 12469/INRC 3021 (plant height and number of filled
grains per panicle), KNM 12472/INRC 3021 (days to 50 per cent flowering and plant height),
KNM 12472/WGL 1119 (grain yield per plant, days to 50 per cent flowering and hulling per
cent), KNM 13449/IBT MRR 24 (grain yield per plant and panicle length), KNM
14913/WGL 1119 (panicle length and kernel length) and KNM 14985/Aganni (hulling per
cent, head rice recovery per cent) were also exhibited as good specific combiners.

In their research, Bagheri et al. (2010) [18], Devi et al. (2015) [20], Bano et al. (2019)
[21], Ghidan et al. (2019) [26], Budhlakoti et al. (2020) [29], Barhate et al. (2021) [30],
Bassuony et al. (2021) [34], Yadav et al. (2021) [37] , Rahman et al. (2022) [42] and
Ramakrishna et al. (2023) [44] also found the matching outcomes for the present study.

The sca effects of hybrids and the gca effects of their parents do not always show a
direct relationship. High or low sca values can result from parents with either high or low gca
values, indicating the presence of various gene interactions, such as dominance x dominance,
additive x additive and additive x dominance interactions. The crosses, KNM 14913/WGL
1119, KNM 14913/Aganni and KNM 13568/Aganni have low x low, low x high, high x high
gca effects respectively. The superior crosses identified with high x high gca effects can be
exploited through pedigree breeding method and the better crosses with high x low and low x
high gca effects can be improved through biparental mating and recurrent selection methods.



Table 4. Estimates of general combining ability (gca) effects for lines and testers for yield, yield components and quality traits in rice.

. No. of No. of . . .
source | "o | o | e | prosucte | 000 grain | lea | S| WIS | uting | wating | HE30 e Kerel | e | erna
fl 0 g 9 tillers per | weight (g) |grains per yielap org o (%) (%) o y g -
owering| (cm) (cm) plant panicle plant (g) | midge (%) (%) (mm) (mm) ratio
LINES
KNM 12444 -0.6* 0.2 0.0 -0.8* -2.0%* 30.1%* -1.6 -6.0%* -0.01 1.3*%* 1.8** -0.01 0.06 ** -0.1%*
KNM 12469 6.0** 5.1 -0.73** 0.4 -2.2%* 4.2 0.08 -2.0%* 0.3 0.8* 2.4%* -0.2%* -0.2%* 0.3**
KNM 12472 9.9** 2.8** 0.7%* 0.01 -2.5%* 21.0%* 0.9 -1.3 0.4 0.009 3.0%* -0.2%* -0.09** 0.02
KNM 13449 | -6.7** -4.6%* -0.5* 0.8* -3.8** 36.1** 0.5 -5, 7%* 0.1 -0.1 1.1* -0.5%* -0.1%* -0.04
KNM 13555 1.6** -0.8 0.4 -0.07 4.9%* -36.1%* 1.6* 7.6%* 05 1.5%* 3.0%* 0.5%* 0.2%* -0.09*
KNM 13568 0.1 3.7** 1.0%** -0.6 4.7%* -28.0%* 5.0%* 9,5%* 0.04 0.9* 2.7%* 0.4** -0.004 0.2%*
KNM 14913 | -3.9** 3.6%* -0.6* 0.1 -2.6** 0.2 -4.5%* -4, 3%* 0.9* -04 -0.05 -0.4%* 0.01 -0.2%*
KNM 14985 | -6.1** 0.1 -0.3 1.3%* 3.6%* -27.5%* -2.1* 2.3** -2.0%* -4,1%* -14.2%* 0.4%* 0.1%* -0.05
TESTERS
Aganni 2.5%* 7.6%* 0.5%* 0.6%* 0.2 5.8 2.4%* -1.3%* -1.0%* 0.4 1.6** -0.2%* 0.06** -0.2%*
INRC 3021 -5.1%* -2.6%* 0.0 -0.0 -0.5%* -11.7* 0.7 -2.2%* -0.2 -04 -1.8%* 0.2%* -0.05** 0.2%*
IBT MRR 24 | 28** 1.0 -0.2 0.1 2.8%* -5.0 0.2 2.0%* 1.0%* 0.6* 1.0%* 0.2%* 0.1%* -0.1%*
WGL 1119 -0.2 -6.1** -0.3 -0.8** -2.5%* 10.9* -3.42%* 1.5%* 0.3 -0.6 -0.7* -0.2%* -0.1%* 0.1%*

*Significant at 5 per cent level, ** Significant at 1 per cent level




Table 5. Estimates of specific combining ability (sca) effects for yield, yield components and quality traits in rice.

Days to Pl_ant Panicle No. of 1000 grain No. pf filled _Grain Incidence Hulling|Milling Head rice | Kernel | Kernel Kernel
S.No. Crosses flos\(/):f;n height | length _ productive weight (g) grains per yield per pf gal(l) (%) (%) recgvery length | breadth L/B ratio
gl (cm) (cm) [tillers per plant panicle |plant (g) |[midge (%0) (%) (mm) (mm)

1 | 06 26 04 17 1.1 24 12 50% | 08 | 003 | -06 000 | 02 | 03
2 |"MMIZE ] s | use | oar 0.2 0.2 24 5% 03 05 | 104 | 01 | o= | 007 | 003
3 |MNedas | 06 25 0.7 L7* 01 158 50 20 15 | 007 | o1 0™ | 0003 | 004
g |SOMETRT 05 | e | o 0.2 g 10.9 13 33 | 01 | -09 06 004 | 1 | 02
5 sy | 09 | e | 29 09+ 16 50% | 4027 | 03 | -03 | 02 | 0% | a1 | o1

6 |2 00 | wsv | 10 0.7 L9 253 39 | 8o% | 09 | 09 05 00 | 003 | -005
7 Kn'\l“écl%%gix 13 | 169 | -1 2.0 17 49,17 11 0.9 04 | 12 | 03 ot | 004 | 01

8 |l |04 | a0 |0 007 07 253 002 1.2 10 | o7 01 005 | 01 | 02
g |MTRa e\ sy | ge |03 3.0% 06 19.2 3.2 0% | 02 | o1 04 002 | 007 | 006
10 [[DVIZZX gz | eee | 06 1.8+ 05 14.4 49% | 4= | 07 | 005 | 05 o= | 001 | -006
11 | Naaaere | 19= | 213= | 03 076 11 28.2* 22 1.0 14 | 02 | 08 001 | -0007 | 002
12 [FDRIAEX g | pam | 0g 04 1.2 54 3.9% 280 | 19t | 01 06 ot | 006 | -002
13 [0 age | a2 |07 0.09 13 23 35* 36 | -0 | 17 | 220 | 001 | 04 | 10%
14 |V 01 09 1.2% 02 04 115 517 | 55% | 09 | -08 | -03 027 | ol | 02+
15 [N | 11 | 7= | 10 0.07 10% 45 4z | 767 | 09 | 15 16 | 04 | o1 | 05
16 |KNMI3449x1 o ggm | 5o 0.2 07 93 y 16 11 | 106 | 09 o | o1e | e

WGL 1119




Daysto | Plant | Panicle No. of 1000 grain No. of filled | Grain | Incidence Hulling | Milling Head rice | Kernel | Kernel Kernel
S.No.| Crosses 50% | height | length | productive weight (g) | 972ins per yield per|  of gall @) | (%) | "eovery length | breadth | "o .
flowering| (cm) (cm) [tillers per plant panicle |plant (g) |[midge (%0) (%) (mm) (mm)
17 [FORI999X ) g | e | 0g 15+ 2.1 99 38" 19 009 | 01 03 037 | o1 | -004
18 *TE'TMMlgfg ;06 g4 | .07 15¢ 03 6.7 11 64 | .03 | 03 0.1 01 | 001 | 003
19 |Naas | oo7 01 01 06 25 25 557 | 44 | 01 | 09 | 05 005 | 006 | -01
20 [FTRESX1 08 | 4 | 00 06 001 0.7 29 | 40 | 04 | 05 0.7 04 | 02+ | 01
21 |[ORSSS0X g1 | oee | 08 15+ 1,02% 8.2 41 | 70 | 008 | 04 | 07 008 | 003 | -0.08
22 |FIMAS08 < gy 20 09 04 009 18.4 16 13 02 | -04 05 008 | 000 | -002
23 K:}'\I“F"{é%%gix 04 | 100% | -06 0.9 130 48 03 | -68% | 02 | 09 05 01f | -008 | 02t
24 |FDRIX) 05 27 04 0.2 0.2 5.2 28 15 | 04 | 005 | -03 01 | 003 | -0.09
25 || s 05 01 04 1 g 148 09 33+ 02 | 33% | 000 | 03% | o1 | 04w
26 }Tgydé%lg S0z 04 | 14 02 2% 73 12 11 07 | 12 14 005 | 01 | o1
27 KRR | 06 | 75 | 02 0.07 02 73 08 01 12 | o1 06 007 | 008 | 01
28 ORI 10 | e | 12 007 01 008 12 23 | 07 | 22 | 22+ | o5 | 006 | o1
29 |[PIASX! 07 | a0r | 08 05 07 174 17 4| 1er | 09 | 46 | 0007 | o1 | 02%
30 *ﬂs\'ﬁ"’\jéfg S o0a | s |06 02 08¢ 22 73% | a3g | 01 | 02 | a7 008 | -004 | 01
a1 | aae | 15 | 102 | 00 09 01 0.06 35+ 35 | 09 | -009 | -2 o | 003 | 01
22 el 03 | 08 | 03 0,09 0,08 15.2 20 | ss= | 1 | 07 | 06 | 02 | 008 | 001

*Significant at Sper cent level, ** Significant at 1 per cent level



Heterosis for a trait could be both positive and negative while the desired value of
heterosis is dependent on the nature of the particular trait. The positive heterosis in general is
used for yield whereas heterosis in negative is desired for earliness. The present study
investigated heterosis over mid parent (relative heterosis), over better parent (heterobeltiosis)
and over standard checks (standard heterosis) was estimated in 32 crosses for 14 characters to
search out the best combination of parents giving high degree of useful heterosis and
characterization of parents for their prospects for future use in breeding programme. The
standard checks used were KNM 118 and KNM 1638.The estimation of heterosis aided in
understanding that none of the crosses exhibited all the traits in desirable direction.

For the trait days to 50 per cent flowering, KNM 13449/IBT MRR 24 coupled with
KNM 14985/IBT MRR 24 and KNM 13449/IBT MRR 24 showed standard heterosis over
two checks KNM 118 and KNM 1638 respectively. Similar finding has also been reported by
Faiz et al. [8] et al. (2006), Sarial (2014) [19], Ambikabathy et al. (2019) [27], Vange and
Ladan (2020) [50], Azad et al. (2022) [31] and Parimala et al. (2022) [51] indicating the
possibility of exploiting heterosis for earliness. For plant height, the cross KNM 12469 X
WGL 1119 exploited the lowest standard heterosis over KNM 118 and KNM 1638. Utharasu
et al. (2013) [52], Vange and Ladan (2020) [50], Ambikabathy et al. (2021) [53] and Islam et
al. (2022) [54] also emphasized the importance of negative significant heterosis for plant
height to develop dwarf plant types, in contrary to Vadivel et al. (2018) [55], Azad et al.
(2022) [31] and You et al. (2022) [40] who reported positive significant heterosis for plant
height. With regard to single plant yield, highest standard heterosis recorded in KNM
12469/Aganni followed by KNM 13555/INRC 3021, KNM 13568 / IBT MRR 24, KNM
12472/Aganni, KNM 13449/Aganni over KNM 118 and KNM 12469/Aganni followed by
KNM 13555/INRC 3021, KNM13568/IBT MRR 24, KNM 12472/Aganni, KNM
13449/Aganni and KNM 13449/IBT MRR 24 over KNM 1638. The findings are in
consonance with earlier reports Faiz et al. [8] et al. (2006), Rahimi et al. (2010) [7], Utharasu
et al. (2013) [52], Vange and Ladan (2020) [50], Ambikabathy et al. (2021) [53] , Mohan et
al. (2021) [2], Manivelan et al. (2022) [56], Neupane et al. (2022) [40], Parimala et al. (2022)
[51], You et al. (2022) [40] and Ramakrishna et al. (2023) [44] (Table 6).

The significant positive standard heterosis was observed in KNM 12472/WGL 1119
for hulling percentage. Similar results are reported by Sarial (2014) [19], Sundaram et al.
(2019) [57], Awad-Allah (2020) [58], Nandita et al. (2021) [59], Islam et al. (2022) [54] and
Devi et al. (2022) [60]. For milling percentage, none of the crosses had significant positive
heterobeltiosis or over KNM 118 and KNM 1638. The results are in agreement with the
findings of Rahimi et al. (2010) [7], Utharasu et al. (2013) [52], Vadivel et al. (2018) [55],
Vange and Ladan (2020) [50], Mohan et al. (2021) [2], Neupane et al. (2022) [39] and
Ramakrishna et al. (2023) [41]. None of the crosses exhibited positive significant
heterobeltiosis and standard heterosis over KNM 118 and KNM 1638 for head rice recovery.
These results are in conformity with the findings of Singh et al. (2020) [38], Rasheed et al.
(2021) [5], Azad et al. (2022) [31], Parimala et al. (2022) [51] and You et al. (2022) [40].

Table 7 depicts that based on the significant sca effects, per se performance, standard
heterosis and gall midge incidence, the best cross identified were KNM 12469/Aganni, KNM
13555/INRC 3021, KNM 13568/Aganni, KNM 12472/Aganni and KNM 13449/Aganni
(Table 7). Further these crosses may be successfully employed in breeding programme for



development of gall midge resistance varieties along with high yield and good grain quality
traits.

Summary and Conclusion

The current study was carried out to assess the combining ability and to estimate
heterosis of rice genotypes and their crosses. The research thus concluded that, significant
differences were observed among lines, testers, crosses, and interactions indicating the
existence of wider adaptability in the material under study. The line KNM 13555 and the
testers Aganni, IBT MRR 24 were performed as the best general combiners among the
parents. On the whole, it can be emphasized that the crosses KNM 12469/Aganni followed by
KNM 13555/INRC 3021, KNM 13568/IBT MRR 24, KNM 12472/Aganni and KNM
13449/Aganni were identified as promising for single plant yield, its components, quality
traits and gall midge incidence. Hence, these parents and F; hybrids may be further tested for
future crop improvement programmes.



Table 6. Estimates of heterosis over check for yield, yield components and quality traits in rice.

Days to Pl_ant Panicle No. of_ 1000 grain No. pf filled Grainyield | Hulling | Milling Head rice | Kernel Kernel Kernel
S.No. Crosses 50% height length _productlve weight (g) grains per per plant ()| (%) (%) recovery length breadth L/I_3
flowering (cm) (cm) tillers / plant panicle (%) (mm) (mm) ratio
CHECK KNM 118
1 Kngll\zl?M X 12.4 ** 18.9 ** 8.9** -37.1** -25.2 ** 45,7 ** 12.2 -2.5 -0.9 -1.2 -14.5** -35 -11.0**
2 :TBNI'MMJI;{zégtx 4.5** -4.7* 0.5 -25.7 ** -33.8 ** 34.8 ** -111 -1.1 -0.7 -59* -11.3 ** -23.1** 15.3**
3 | IhAL | 144 | 124w | g 114 193%* 217 206 29 06 08 8% | 100 | 26
4 \P;/’\CI;\S i’ﬁgll X 9.0 ** 9.1** 2.9 -37.1%* -45.1%* 54.1 ** -13 0.1 -34* -2.8 -17.0 ** -30.5 ** 19.3 **
5| Raat®9 | 226+ | 206+ | 82 5.7 340 202 462+ 15 18 05 209% | 335 | 195%
6 :E'\#MM{RZSZZX 11.9 ** 18.1 ** 6.0 =314 % -26.1** 17 1.0 11 -1.4 -4.0 -13.0** -32.0** 27.9 **
7 :?\]NRI\Q; é(z)ge? X 20.1 ** ];];6 -4.3 -42.8 ** -27.2%* 51.8 ** 11.0 2.1 -2.7 -0.7 -10.5** -26.1** 21.3**
8 @'\é“ﬂ i’ﬁgg X 18.5 ** ];2*3 -4.3 -314 % -38.4** 15.7 0.0 -0.6 -1.8 -2.8 -18.6 ** -32.0** 19.5**
9 ,P;(NBXN]-I\ZI?YZ x 33.3** 26.5 ** 11.3** 114 -34.4 ** 50.5 ** 42,1 ** -0.6 -2.3 12 -19.5** -24.5** 6.5
10 | M| 152w | 06 5.4 3715 330% 3.6 01 08 | -38* 29 1370 | 260% | 166%
11 :T\INRhé ég;iz x 24.2 ** -8.1** 51 -25.7** -26.0 ** 144 10.0 -0.2 -2.6 -0.4 -12.6** -17.8** 6.4
12 | (ERIZX | a9 7 | ggg s | g7 3145 330 % 384 201 3% | 37* 09 4770 | 283 | 148%
13 'liCN;XNllif‘lg x 3.2 7** 10.3 ** 13 -8.6 -31.3** 46.5 ** 41,9 ** -3.0 -5.0 ** -4.8* -24.3** -43.9 ** 35.1**
14 KINM 13449 x -3.7 ** 2.6 15%* -11.4 -38.1** 299* 41.2 ** 0.4 -5.0 ** S15** -13.1 % -20.9 ** 9.7**

IBT MRR 24




Days to Pl_ant Panicle No. of_ 1000 grain No. pf filled Grainyield | Hulling | Milling Head rice | Kernel Kernel Kernel
S.No. Crosses flos\?:fi)n height length productlve weight (g) grains per per plant (g)| (%) (%) recgvery length breadth L/I_3
g (cm) (cm) tillers / plant panicle (%) (mm) (mm) ratio
15 | ha i@ | 74w | 127 | 52 114 305+ 44,0 % 00 03 03 06 2417 | 100% | 153
16 | (19X | g = 60 228 % 504 56, ** 166 14 2.7 36 215% | 258+ | 58
17 | KANMSOSSX | gz g | 107 | 109+ 285+ AL1% 28 153 07 0.4 13 22% 12 08
18 | (M ISSSX | 4w | ag5es | 3g 86 73 34 291 ** 03 13 35 23% | -120% | 162+
19 | haio%0X | 164w | 90% | 56 257 % 171 19 45,9+ 16 15 00 21% 06 14
20 | OIS g | 27 47 228 136 69 55 14 1.2 08 A53% | 266% | 153k
21 | NS08 X qpgen | gqwr | 76 3424 6% 32 27.9% 15 19 03 3% | A51% | go*
22 | MBS | s | 7g | 133 228+ 1% 88 45,4+ 01 3.0 34 6% | 205 | 243
23 | [IS08X | qggen | 230 | 53 471 1.7 14 348+ 15 0.3 15 17 | 71 | 186w
24 | (OISOSX qpge | g0ee | g2m 314+ 54 82 329% 02 27 29 AL | 254 | 186
25 | NN g [ g01 | 32 200% 267 349 % 16 00 13 30 279% | 103% | 195
26 | foM 193 0.0 93* | 37 200* 402 103 70 02 | 59w | 4w | 57 | ge5er | 146w
27 | [ ge | 205+ | 15 200% 29% 145 00 37* 26 29 169% | 164* | 05
28 | (LIS 70w |1 54 285+ 427 288+ 141 05 | 7.3%% | 06% | 146% | 234k | 114%
20 | NN sz [ 123w | 1 86 49% 22 80 16 | 93% | g5 | g4w 14 70
30 | KNMIA985x | g0u | 14 59 114 143+ 09 392+ 27 | 88% | 360% 01 | 168* | 200%

IBT MRR 24




Days to Plant Panicle No. of 1000 grain No. of filled Grain vield | Hullin Millin Head rice | Kernel Kernel Kernel
S.No. Crosses 50% height length productive wei t?t( ) grains per or Iaﬁt( )| (%) g (%) g recovery length breadth L/B
flowering (cm) (cm) tillers / plant gnt (g panicle perp 9 0 \ (%) (mm) (mm) ratio
31 :?\INR'\Q %?)3815 x 86** | 106* | 14 0.0 31 19 84 25 | 78 | 88w 04 70* 82+
32 \*,(V'\(';'\If ﬁ‘i’gs x 2.4 % 21 27 A7+ 19,1 211 77 36% | -83% | 308 | 28+ | 32w | 134%
CHECK KNM 1638
1 ﬁgg"ﬁ,ﬁf““ x 0.7 | 108% | 126% 154 21 %+ 116 87 38 % 26 07 25 165% | -116%*
2 :;“}MM{:;“‘ZT 2% | 40 40 00 8.2 182 4139 25 23 548 * 6.4 %+ 70% | 146%
3 :T\INR'\Q égﬁ“ x 25%% | 133%% | 103% 192 31,8 %+ 205 256 * 15 23 03 06 | g7* 19
4 \'X/'\é'\lf 31134 x 22% | 100% | 65 154 2103+ 65 44 13 | Bo* 23 04 | -160% | 186%
5 igg’mf“ X 9.0%% | 215%% | 120% 123 78* 215 416+ 29 34% 10 50% | -197% | 188%*
6 :ENFMMgFi%g4X 04 | 190% | 9w 77 20,6 % 38.3% 22 03 3.0 35 43% | 18w | 271w
7 :?\INR'\Q égﬁg X 7.7+ | 109%*| 09 230* 18,9 ** 79 75 07 4.3 %% 02 74% | 108% | 205%
8 \P/<v’\c|;'\|f iﬁgg X 62% | -11.6%*| -10 77 06 208 31 20 34% 23 23% | -78% | 188w
9 igg’mf” X | 195%x | 275% | 152w 50,0 ** 72 87 37.7 % 20 39* 18 33% | g7 5.8
10 :;'\#MMlRZ;‘Z" 3.3 % 14 9.0 % 154 94+ A71* 30 22 | 54 24 36% | -106% | 159%*
11 :<I\INRI\(/:I ég‘gz | q14% | g4 | g7 00 20,8 ** 305 % 65 16 41* 0.1 49+ 07 57
12 \*/(v'\c‘;'\lf ﬁgz x 73%% | 27.9%% | 125% 27 13 160* 16.4 17 5.3 04 13 A34% | 140%*
13 | KNM 13449 | o quw | 10% | 43 23,0 * 12.2 %+ 11 374+ 3% | 6.6 44 Q1% | 32w | 343w

AGANNI




Days to Plant Panicle No. of 1000 grain No. of filled Grain vield | Hullin Millin Head rice | Kernel Kernel Kernel
S.No. Crosses 50% height length productive Weigt?t © grains per per plaﬁt @ () g (%) g recovery length breadth L/B
flowering (cm) (cm) tillers / plant panicle (%) (mm) (mm) ratio
14 :TBNI'MM{:FL{‘L‘ZQJ 436%* | 34 | 112% 19.2 11 201 % 36.7 % 40 | -6Br | 705% 2% 45 9.03*
15 ﬁ\INR'\é ég‘;‘ig | ger | 136%% | 88w 192 135 %+ 126 31 A7 2.0 11 88% | g7+ | 59w
16 t/(v'\(‘;'\c ﬁi‘gg | g7 | 2% | 28 39 A18.9% 49 192 0.0 42 %% 31 5% | 104 52
17 ig'\A"Nlﬁf% X 22% | 115% | 148% 39 15,3+ 41.0* 117 21 21 18 174% | 193% | 14
18 :E'\}MM{:SSZSJ‘ 6% | 154%% | 73 23.0* 514+ 414 25,0* 17 3.0 3.0 208 6.3 15,4 **
19 :?\INR'\Q éggis x a4*x | 9g*x | gom 00 915 ** 404 % 41.4% 01 31 05 5% | 1% | 20
20 \',(v'\(';'\lf ﬁi’gs x 1.9 1.9 8.3 39 1.1+ 35,1 85 0.0 238 03 16 13 | 146%
21 ig'\A"Nlﬁf’% X 07 | 102% | 114% 15 51,0 % 373 23.9* 29 35* 08 101 % 26 73%
22 :E'\}MM{:F‘:’@X 2% | BE** | 172% 39 51,9 ** 340 408 ** A5 | -4 29 15.7 63 235 %+
23 :T\INR'\é éggig X 20%% | 200% | ggm 115 82.7 % 402 % 30,6+ 01 1.4 20 18.0 % 02 17,8 **
24 \*/(V'\(';'\C ifi’gB X 04 | 98 | 130% 77 38.1 % 343 28.7 % A6 | -a3% 24 627 | 98w | 178%
25 ﬁgg’m?“ | 9w | 211 | 6g 77 19.8 %+ 181 16 14 .04 25 a34% | 83* | 201w
26 :;'E'FMMlnglzix 103** | 101% | -04 77 23 33.0% 4100 46 | 74* | 593 11 ALL* | 138 %
27 ﬁINR'\é égg? | 5% | 215% | 51 77 25,9 *+ 305 %+ 31 23 42* 24 02 09 12
28 \*,(V'\c';'\lf iﬁ’gm | 0% | 03 | 9om 39 63 218 168 09 | -89% | 023 25% 4% | 107
29 | KNMI4985x | gous | q30% [ 59 230 55.4 ** 406 %+ 46 30% | -108% | -1810% | 99w | 191w | 76%

AGANNI




Days to Plant Panicle No. of 1000 arai No. of filled Grain vield | Hulli Milli Head rice | Kernel Kernel Kernel
S.No. Crosses 50% height length productive - Etraln grains per ralln ylte uo/lng '0 /lng recovery length breadth L/B
flowering (cm) (cm) tillers / plant weight (g) panicle per plant ()| (%) (%0) (%) (mm) (mm) ratio
30 :TBNI'MM1R4|38254X -13.6 ** 1.9 9.5 ** 19.2 40,0 ** -39.8 ** 34.8%* 40% | 103 %% | -3576%* 19.9%* 06 19.2%*
31 | At | 5w | 206+ | 49 34,6 685 ** 381 113 39% | 93 | 2849% | 204% | 122% | 75%
KNM 14985 X ** ** *% * ** ** *% *% * *%
32 | WGL 1119 -8.1 2.9 6.2 115 322 -265 -203 5.0 -9.9 -30.53 46 -1.26 126
*Significant at 5 percent level, ** Significant at 1 per cent level
Table 7. The five top F; crosses identified based on overall performance.
Mean
. Standard Heterosis
Average |Heterobeltiosis performance of ) ]
S. No. Crosses ) o sca effect | Gall midge reaction
heterosis (%) (%) grain yield per
KNM 118 | KNM 1638
plant (g)
1 KNM 12469 X Aganni 48.32 39.93 46.24 41.61 34.70 5.04 Resistant
2 KNM 13555 X INRC 3021 4851 47.81 45,91 41.42 34.62 5.55 Highly Resistant
3 KNM 13568 X IBT MRR 24 71.12 60.32 45.43 40.80 34.53 1.63 Highly Resistant
4 KNM 12472 X Aganni 47.33 36.04 42.13 37.72 33.72 3.20 Moderately Resistant
5 KNM 13449 X Aganni 66.94 35.80 41.92 37.43 33.62 3.55 Moderately Resistant
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