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Abstract 

Rice is the most important cereal crop and is primary source of calorie for Nepalese. Though, few rice varieties have 
been released for cultivation among farmers, most of them are low yielding so are not preferred by the farmers. So, 
broadening the genetic base of rice is an important intervention that can be done to increase productivity. Thus, an 
experiment was conducted to estimate general combining ability, specific combining ability, and heterosis from three 
sets of crosses to find out best parents and their cross combinations. The set1 consists 2 lines and 4 testers, set2 consists 
3 lines and 2 testers and set3 consists 2 lines and 2 testers respectively. Each set of parents were crossed in line X tester 
mating design with two replications to produce 18 F1. The analyzed data showed that all genotypic values were 
significant and showed maximum variations among the traits. When fertile grain number was considered Sukhadhan-2 
was best parents and cross of Manjushree 2 X Samba Mahsuri Sub-1 and Himali X Taichung-176 were the best cross and 
for panicle length IR775- 39-80-2- 2-2 was obtained as best parent and the best cross was Khumal 8 X Sugandha- 2. 
Maximum heterosis was observed in Khumal 8 X Sukhadhan-2 for fertile grain number and Khumal -4 X Sugandha-2 for 
panicle length. Therefore, best parents could be utilized for creating best lines through hybridization and best cross 
combinations would work as best lines for further selection and evaluation. These lines might work as promising 
varieties for Nepal. 
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1. Introduction

Rice is the most important cereal in Nepal. It is primary source of livelihood and income for more than two-thirds of 
farm households and it is deeply embedded in the country’s culture. It contributes to 15% to the Agricultural Gross 
Domestic Product (AGDP) and more than 5 % to the total GDP. It is cultivated in Nepal from the plain of terai to the foot 
of the Himalayas. It is cultivated in nearly 43% of the total cropped area with the total contribution of 53 % of the cereal 
grain production (MOALD,2021). Rice's importance to Nepalese diet is also tremendous. More than 35% of the calorie 
requirement of Nepalese is provided by Rice (MOALD, 2021), most people consume rice daily as staple food with per 
capita consumption of 137.5 kg/year (Joshi,2020). 

Though few rice varieties have been released for general cultivation among farmers in Nepal, most of the varieties are 
low yielding, disease and pest susceptible and lodging in nature. Therefore, they are not preferred by the farmers. So, 
broadening the genetic base of rice is an important intervention that can be done to increase lower productivity of rice 
which is 3.8 ton/ha as per MOALD, 2021.To meet the demand, among the available genetic resources to increase rice 
productivity, superior rice genotype with high yielding trait can be of great benefit. 
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Plant breeding strategies leading to the selection of superior genotypes need the expected level of heterosis as well as 
the specific combining ability. The prime initiative of rice breeders for developing superior hybrid rice cultivars is to 
choose suitable mating parents (Cao and Zhan, 2014). These parental characteristics are heritable and are able to appear 
in the F1 generation. Combining ability analysis is one of the valuable tools available to ascertain the combining ability 
effects and helps in selecting the desirable parents and crosses for the exploitation of heterosis. 

The parental lines are considered to be the backbone of rice breeding since the performance of the progenies mainly 
depends on the genetic potential of the parents. Breeders are therefore constantly facing a challenge when attempting 
to select, breed, develop, and improve superior parental lines. This selection cannot be based solely on per se 
performance, requiring, therefore, selection for gene actions. So, the aim of combining ability analysis is to investigate 
the ability of a specific parental line to pass down genetic information to its progenies (Sprague and Tatum, 1942). A 
line X tester mating design screens parents for their genetic effects and enables the investigation of general combining 
ability (GCA) and specific combining ability (SCA) even in small sample sizes (Kempthorne, 1957; Tiwari et al., 2011). 
The GCA is the average performance of a line in a series of crosses, and this mean performance can be used to identify 
and improve superior parental lines by helping breeders identify the appropriate parents, crosses and breeding 
procedures required to select desirable progenies. It is mainly associated with additive gene action. In comparison, SCA 
refers to the positive/negative genetic value added to the expected average performance of the lines involved due to the 
interaction between those particular genotypes which may help identify good hybrid combinations. SCA is mainly 
associated with non-additive gene action resulting from dominance, overdominance and epistatic effects (Griffing, 1956; 
Latha et al., 2013; Sprague and Tatum 1942) 

So, this research was conducted with the aim to select the best parents, which can further be utilized for creating best 
lines through hybridization and the best cross combination would work as best lines for further selection and evaluation 
to be released as a variety with high yielding traits that help in increasing productivity and production of rice. 

2. Material and methods 

To find out the best parents and best cross combinations in rice, three sets of crosses were produced following Line X 
Tester mating design developed by Kempthorne 1957. To facilitate the experiment easily with a limited number of F1 
genotypes, the available genotypes were categorized into three sets where set1 consisted two lines and four testers, 
set2 consisted three lines and two testers and set3 consisted two lines and two testers. The parents were crossed in 
Line X Tester mating fashion developed in 2020 and 18 F1 were produced and planted in 2021. RCBD design was used 
with 2 replications. 

The materials for the parents and their crosses were made available by National Plant Breeding and Genetics Research 
Center, Khumaltar, Lalitpur, Nepal. 

Table 1 Parents and crosses used in the experimentation during 2020 

Parents and their crosses 

Set 1 Khumal 4 (Line) 

Khumal 8 (Line) 

Sukhadhan-2 (Tester) 

Purple rice (Tester) 

Sugandha 2 (Tester) 

IR775-39-80-2-2-2 (Tester) 

Khumal4 X Sukhadhan-2(NR11832) 

Khumal 4 X Purple rice (NR11847) 

Khumal 4 X Sugandha 2 (NR11850) 

Khumal 4 X IR775-39-80-2-2-2 (NR11851) 

Khumal 8 X Sukhadhan-2(NR11833) 

Khumal 8 X Purple rice (NR11839) 

Khumal 8 X Sugandha- 2 (NR11846) 
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Khumal 8 X IR775-39-80-2-2-2 (NR11829) 

Set2 Aanga (Line) 

IR775-39-80-2-2-2 (Line) 

IR67017 (Line) 

Khumal 4(Tester) 

Khumal 10(Tester) 

Aanga X Khumal 4 (NR11836) 

Aanga X Khumal 10 (NR11849) 

IR775-39-80-2-2-2 X Khumal 4 (NR11835) 

IR775-39-80-2-2-2 X Khumal 10 (NR11853) 

IR67017 X Khumal 4(NR11845) 

IR67017 X Khumal 10 (NR11869) 

Set 3 Manjushree 2 (Line) 

Himali (Line) 

Samba Mahsuri Sub-1 (Tester) 

Taichung-176 (Tester) 

Manjushree 2 X Samba Mahsuri Sub- 1(NR11828) 

Manjushree 2 X Taichung 176(NR11856) 

Himali X Samba Mahsuri Sub-1(NR11859) 

 Himali X Taichung-176(NR11862)   

For estimation of genetic parameters, characters such as days to flowering, days to maturity, plant height, panicle 
length, fertile grain number, sterile grain number and thousand grain weight were taken. For statistical analysis 
AGRISTAT developed by Dr. N. Manivannan was used. 

3. Results and discussion 

3.1. GCA, SCA values of parents and their crosses 

GCA and SCA values of parents and crosses from set1, set2 and set3 are presented in table 2, 3 and 4 respectively. 

3.2. GCA and SCA values for days to flowering 

In set1, a total of 4 genotypes had negative values of GCA and SCA. Sugandha-2 had highest negative GCA value of -1.4 
among the parents and Khumal 8 X Sugandha 2 had highest negative SCA value of -7.19. While in set2, a total of 3 
genotypes had negative values. Khumal 4 had the highest negative GCA value for DTF (-4) and the cross of IR67017 X 
Khumal 4 had highest negative SCA (-1.25). On set3, a total of 4 genotypes had negative values for DTF, Himali had the 
highest negative GCA for DTF (-9.63) and Manjushree X Samba Mahsuri Sub -1 with the value of -4.88 had the highest 
negative SCA value. Finally, while taking all sets, Himali is the best parent and Khumal 8 X Sugandha 2 is the best cross 
for DTF. The results are compatible with the findings of Chakraborty et al. (2009), Ariful Islam et al. (2015), Thakor and 
Mistry (2018), Deepika et al. (2019) and Salah et al. (2020). So, the identified lines and testers will be effective for 
developing early maturing rice hybrids  

3.3. GCA and SCA values for days to maturity 

In set1, a total of six genotypes had negative GCA and SCA values. Sugandha-2 was the best parent (GCA: -11.81) and 
Khumal 8 X Sugandha-2 with the value of 14.69 had the highest SCA value. While in set2, Khumal 4 had highest GCA 
value (11.92) and IR 775- 3980-2-2-2 X Khumal 4 had highest SCA (-4.08). In set3, Himali had the highest GCA value (-
4) but none of the crosses had significant SCA values. So, taking all the sets into consideration, Khumal 4 was best parent 
and Khumal8 X Sugandha 2 was best cross for DTM. 
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This result implies that the maturity days for the hybrids might fluctuate maximum from the parents and there would 
be maximum effect on the environment for deciding the date of maturation of the variety. 

3.4. GCA and SCA values for effective tillers 

In set1, 4 genotypes had positive GCA and SCA values. Sukhadhan-2 had 7.69 GCA value and the cross of Khumal 8 X 
IR775-39-80-2-2-2 had SCA value of 6.31 which is the highest value. In set2, none of the parents and crosses had positive 
GCA value for ET. On the third set, 4 genotypes had positive GCA and SCA values, Manjushree 2 had the highest GCA 
value (8) and among crosses, Manjushree 2 X Samba Mahsuri Sub-1 and Himali X Taichung-176 both had highest SCA 
value of 5. So, overall Manjushree 2 has the highest GCA and Khumal 8 X IR775-39-80-2-2-2 has SCA value for ET.These 
findings are in akin with earlier reports of Kumar et al. (2007), Hasan et al.(2014), Sharma et al. (2013), Veeresha et al. 
(2015) and Salah et al. (2020). 

3.5. GCA and SCA values for plant height 

In set1, neither parents nor crosses had negative GCA or SCA value for PHT, while in set 2, Khumal 10 had highest 
negative GCA value of -9.08 but none of the crosses had significant SCA values. In set3, 4 genotypes had negative values, 
Himali had the highest negative GCA value of -19.13 and Manjushree 2 X Samba Mahsuri Sub- 1 and Himali X Taichung-
176 had the highest SCA value of -7.38. So, overall, Himal is the best parent. Manjushree 2 X Samba Mahsuri Sub- 1 and 
the Himali and Taichung-176 are best crosses for plant height. 

These results are in agreement with the findings of Sharma et al. (2013), Hasan et al. (2014), Ariful Islam et al. (2015), 
Upadhyay and Jaiswal (2015) and Salah et al. (2020) 

3.6. GCA and SCA values for panicle length 

In set1, only 2 crosses had positive SCA values for PANL. Khumal 8 X Sugandha- 2 had the highest SCA value of 4.13. In 
set2, only 2 parents had positive significant GCA values for PANL. IR775-39-80-2-2-2 had highest GCA value (2.83**) 
and finally in set3, Manjushree 2 had the highest GCA value of 2.50. So, the best parent for PANL is IR775- 39-80-2-2-2 
and best cross is Khumal 8 X Sugandha- 2. The results are in consonance with the findings of Bagheri (2010), Vieria et 
al. (2013), Hasan et al. (2015) and Shukla et al. (2020). 

3.7. GCA and SCA values fertile grain number 

In set1, a total of 5 genotypes had positive values, Sukhadhan-2 had 57.19 GCA value and Khumal 8 X Sugandha- 2 had 
40.75 SCA value which were the highest values. While in set2 none of the parents and crosses had positive GCA or SCA 
values for FGN. In set3, 4 genotypes had positive s GCA and SCA values for FGN. Samba Mahsuri Sub-1 had highest GCA 
value of 44.50 and Manjushree 2 X Samba Mahsuri Sub-1 and Himali X Taichung-176 had highest SCA value of 47. Hence, 
Sukhadhan-2 is the best parent and of Manjushree 2 X Samba Mahsuri Sub-1 and Himali X Taichung-176 are best crosses 
for FGN. The results are in agreement with the findings of Faiz et al. (2006), Verica et al. (2013), Ariful Islam et al. (2015) 
and Patel et al. (2019). 

3.8. GCA, SCA values for sterile grain number 

In the set1,5 genotypes had negative values of GCA and SCA for SGN. Purple rice had highest negative GCA value of -
35.81 and Khumal 4 X Purple rice had highest negative SCA value of -45.06. In set2 only IR67017 had negative GCA value 
with the value of 1.58. In set3, 4 genotypes had negative values of GCA and SCA. Manjushree-2 had the highest negative 
GCA value (-28.63) and the Manjushree-2X Samba Mahsuri Sub- 1 and HimaliTaichung-176 had the highest SCA value 
of -29.88. Hence, the best parent for SGN is purple rice and the best cross is Khumal 4 X Purple rice. 

3.9. GCA and SCA values for thousand grain weight 

In set1, 4 genotypes had positive GCA and SCA values, Sugandha 2 had highest GCA value of 4.11 and Khumal 4 X 
Sukhadhan- 2 had highest SCA value of 1.2. In set2, Khumal 4 had highest GCA value of 1.66, whereas Anga X Khumal 10 
had highest SCA value (1.76). In set3, only Manjushree 2 had positive GCA for TGW which was 3.52 respectively. So, 
Sugandha -2 is the best parent and Khumal 8 X Sugandha-2 is the best cross for TGW. These results are in agreement 
with the findings of Chakraborty et al. (2009), Hasan et al. (2014). 
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Table 2 GCA, SCA of parents and crosses in set 1   

Parents and their 
crosses 

DTF DTM ET PHT PANL FGN SGN TGW 

Khumal 4 -0.19ns 2.31 ** -1.69 ** -8.25 ns -0.38 ns 5.69 ** 5.69 ** -0.66 ** 

Khumal 8 0.19ns -2.31 ** 1.69 ** 8.25 ns 0.38 ns -5.69 ** -5.69 ** 0.66 ** 

Sukhadhan-2 -1.44 6.94 ** 7.69 ** -3.00 ns -0.38 ns 57.19 ** 57.19 ** -2.85 ** 

Purple rice -0.44ns 1.19 ns -4.06 ** 9.00 ns -0.38 ns -35.81 ** -35.81 ** -0.39 ns 

Sugandha 2 -3.94** -11.81 ** -4.31 ** -7.75 ns 0.63 ns -12.31 ** -12.31 ** 4.11 ** 

IR775-39-80-2-2-2 5.81** 3.69 ** 0.69 ns 1.75 ns 0.13 ns -9.06 ** -9.06 ** -0.87 * 

Khumal4 X Sukhadhan-2 0.19ns -3.56* -0.31ns -5.50ns 0.88ns 7.75** 19.81** 1.25** 

Khumal 4 X Purple rice -0.81ns -4.31* 5.94** 7.50ns 0.88ns 14.75** -34.19** 0.86* 

Khumal 4 X Sugandha 2 7.19** 14.69** 0.69ns 19.75ns -4.13** -40.75** 30.69** -2.24** 

Khumal 4 X IR775-39-80-
2-2-2 

-6.56** -6.81** -6.31** -21.75ns 2.38** 18.25** 45.06** 0.13ns 

Khumal 8 X Sukhadhan-2 -0.19ns 3.56* 0.31ns 5.50ns -0.88ns -7.75** -19.81** -1.25** 

Khumal 8 X Purple rice 0.81ns 4.31* -5.94** -7.50ns -0.88ns -14.75** 34.19** -0.86* 

.Khumal 8 X Sugandha- 2 -7.19** -14.69** -0.69ns -19.75ns 4.13** 40.75** -30.69** 2.24** 

Khumal 8 X IR775-39-80-
2-2-2 

6.56** 6.81** 6.31** 21.75ns -2.38** -18.25** -45.06** -0.13ns 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= Effective 
tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile grain number, SGN= Sterile Grain number, TGW= Thousand grain weight 

Table 3 GCA, SCA of parents and crosses in set2 

Parents and their 
crosses 

DTF DTM ET PHT PANL FGN SGN TGW 

Aanga 0.67 * 4.58 ** -1.75 ns 0.42 ns -2.17 ** 15.17 ns -10.50 ns -1.17 * 

IR775-39-80-2-2-2 0.92 ** 4.08 ** 5.00 ns 17.42 ns 2.83 ** 22.17 ns 21.50 ns 0.27 ns 

IR67017 -1.58 ** -1.58 ** -1.58 ** -1.58 ** -1.58 ** -1.58 ** -1.58 ** -1.58 ** 

Khumal 4 -4.00 ** -11.92 ** 2.92 ns 19.08 * 1.58 ** 19.42 ns -2.58 ns 1.66 ** 

Khumal 10 4.00 ** 11.92 ** -2.92 ns -19.08 * -1.58 ** -19.42 ns 2.58 ns -1.66 ** 

Aanga X Khumal 4 0.50ns 2.42ns -1.92ns -12.08ns -0.33ns -22.67ns 10.83ns -1.76* 

Aanga X Khumal 10 -0.50ns -2.42ns 1.92ns 12.08ns 0.33ns 22.67ns -10.83ns 1.76* 

IR775-39-80-2-2-2 X 
Khumal 4 

0.75ns -4.08* 4.33ns 9.92ns 0.67ns 23.83ns -20.67ns -20.67ns 

IR775-39-80-2-2-2 X 
Khumal 10 

-0.75ns 4.08* -4.33ns -9.92ns -0.67ns -23.83ns 20.67ns 20.67ns 

IR67017 X Khumal 4 -1.25* 1.67ns -2.42ns 2.17ns -0.33ns -1.17ns 9.83ns 9.83ns 

IR67017 X Khumal 
10 

1.25* -1.67ns 2.42ns -2.17ns 0.33ns 1.17ns -9.83ns -9.83ns 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant DTF= Days to flowering, DTM= Days to maturity; 
ET= Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= Sterile Grain Number, TGW= Thousand grain 
weight 
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Table 4 GCA, SCA of parents and crosses in set3   

Parents and their crosses DTF DTM ET PHT PANL FGN SGN TGW 

Manjushree 2 9.63** 4.00* 8.00** 19.13** 2.50** 32.50** -28.63** 3.52** 

Himali -9.63** -4.00* -8.0** -19.13** -2.50** -32.50** 28.63** -3.52** 

Samba mahsuri Sub-1 5.88** 1.25 ns 4.25** -7.63** 1.00 ns 44.50** -26.88** 0.13 ns 

Taichung-176 -5.88** -1.25 ns -4.25** 7.63** -1.00 ns -44.50** 26.88** -0.13 ns 

Manjushree 2 X Samba 
Mahsuri Sub-1 

4.88* 2.75 ns 5.0** -7.38** 0.50 ns 47.00** -29.88** 0.27ns 

Manjushree 2 X Taichung 176 -4.88* -2.75 ns -5.0** 7.38** -0.50 ns -47.00** 29.88** -0.27ns 

Himali X Samba Mahsuri Sub-1 -4.88** -2.75 ns -5.0** 7.38** -0.50 ns -47.00** 29.88** -0.27ns 

Himali X Taichung-176 4.88** 2.75 ns 5.0** -7.38** 0.50 ns 47.00** -29.88** 0.27ns 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= 
Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile grain number, SGN= Sterile grain number, TGW= Thousand grain 

weight 

4. Heterosis 

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 the negative 
direction is desired for earliness. The exploitation of heterosis can enhance yield from 30 to 40 % and can also 
enrich the domesticated crops with most important traits of qualitative and quantitative nature. In the present study 
heterosis over better parent (heterobeltiosis) and mid parents heterosis were estimated in 18 hybrids for eight 
characters to find out the best combination of parents for their prospects for future use in breeding programs. A large 
characterization of parents for their prospects for future use in breeding programs. A large number of hybrids 
had significant desired heterosis over the better parent as well could be isolated for further evaluation at different 
locations and seasons. The character wise performance of hybrids is presented in table 5, 6 7 and 8. 

4.1. Heterosis values for days to flowering 

Negative heterosis is considered suitable for DTF. None of the crosses had negative heterosis for DTF when better 
parents were considered but only one cross of Khumal 4 X Sukhadhan-2 had negative mid parent heterosis value 
which is desirable. 

Similar finding was reported by Tiwari et al. (2011), Latha et al. (2013), Thorat et al. (2017), Gokulakrishnan 
(2018) and Shukla et al. (2020) indicating the possibility of exploiting heterosis for earliness. 

4.2. Heterosis value for days to maturity 

Negative heterosis is considered suitable for DTM. None of the crosses had negative heterosis for DTM while 
considering better parent heterosis and mid parent heterosis suggesting the crosses were not early maturing. 

4.3. Heterosis value for effective tillers 

Six of the genotypes were significant for effective tillers.NR11835 (IR775-39- 80- 2-2-2X Khumal-4) had highest 
heterobeltiosis value of 195.24. But, when mid- parent heterosis was considered 6 genotypes had positive 
significant value with NR11835 (IR775-39-80-2-2-2 X Khumal-4) also had highest mid parent heterosis value of 
244.44. 

4.4. Heterosis value for plant height 

6 crosses had significant negative value considering better parent whereas 3 crosses had negative mid- parent 
heterosis value which is desirable for plant height as short stature plants are desirable. NR11862 (HimaliXTaiching-
176) had the highest negative value of -53.02 for plant height for heterobeltiosis and NR11869 (IR67017 X Khumal-
10) had highest negative value of -49.81 for mid- parent heterosis. 
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Tiwari et al. (2011b), Thorat et al. (2017), Bano and Singh (2018), Vartika and Karanwal (2018), Gokulakrishnan 
(2018), Sari et al. (2019) and Shukla et al. (2020) also emphasized the importance of negative significant heterosis 
for plant height to develop dwarf plant types. 

4.5. Heterosis value for panicle length 

With regard to panicle length, heterosis in a positive direction is desirable. Out of 18 crosses, only one cross had 
significant positive heterosis over better parent and three cross had significant values for mid parent heterosis. 
NR11850 (Khumal-4 X Sugandha -2) with the value of 21.82 had higher heterobeltiosis for PANL. 

Panicle length is one of the main attributes to higher yields and the results are in with the findings of Tiwari et al. 

(2011 b), Thakor et al. (2018), Patel et al. (2018) and Shukla et al. (2020) 

4.6. Heterosis value for fertile grain number 

NR11833 (Khumal -8 X Sukhadhan-2) had highest heterobeltiosis value of 70.90 for FGN and NR1135 (IR775-39-80-
2-2-2 X Khumal-4) had highest mid parent heterosis of 54.49* These two are only significant positive values for FGN 
among 18 crosses. 

Similar kind of heterotic pattern was observed by Vennila et al. (2011) Mistry et al. (2015), Thakor et al. (2018) and 
Sari et al. (2019) who reported high heterotic effects for the number of grains per panicle. 

4.7. Heterosis value for sterile grain number 

Only one cross had negative significant value for sterile grain number considering heterobeltiosis which is desirable for 
sterile grain number.NR11850(Khumal-4 X Sugandha-2) with the value of -45.96 had the highest or only negative 
significant value of heterobeltiosis. And none cross had negative significant mid parent heterosis value for SGN.  

4.8. Heterosis value for thousand grain weight 

None of the crosses had significant heterosis value for TGW while considering heterobeltiosis. However, five crosses 
had significant values for mid parent heterosis. NR11835(IR775-39-80-2-2-2 X Khumal-4) with the value of 20.8 
had highest mid parent heterosis for TGW. 

The results are in akin with the findings of Bedi and Sharma (2016), Priyanka and Jaiswal (2017), Thorat et al. (2017), 
Sari et al. (2019) and Shukla et al. (2020). 

Table 5 Heterobeltiosis value for crosses 

 NR11836 NR11849 NR11835 NR11853 NR11845 NR11869 NR11828 NR11856 NR11859 

DTF 3.64** 10.00** 4.09** 10** 0 ns 9.55** 29.09** 14.22** 2.73** 

 

DTM 16.33** 29.25** 11.56** 33.33** 8.28** 22.41** 33.10** 33.10** 21.81** 

ET 16.13ns 3.23ns 195.24** 57.14 ns 52.38 ns 42.86 ns 141.38** 22.22ns -37.93 ns 

PHT -7.41 ns -29.89* 24.69 ns -33.45 * -11.43 ns -53.02** -28.09** -2.55ns -49.38** 

PANL -10.91 ns -22.81* 10.91ns -8.77 ns -5.45 ns -17.54 ns 10.04 ns -1.54 ns -12.79* 

FGN -22.25 ns -32.31* 5.76 ns -49.56** -38.48* -64.63** 57.55 ns -92.82** -72.45* 

SGN -37.18 ns -79.49 ns -10.71 ns 155.36 ns -53.06 ns -82.65 ns -54.26ns 400.00** 199.68** 

TGW -6.53 ns -11.15* 5.78 ns -17.23 ** 5.17 ns -11.88* 10.74ns 0.39 ns -15.78* 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= 
Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= Sterile Grain number, TW= TGW= Thousand grain 

weight 
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Table 6 Heterobeltiosis value for crosses contd… 

 NR11862 NR11832 NR11847 NR11850 NR11851 NR11833 NR11839 NR11846 NR11829 

DTF 1.83* 9.55** 9.55** 13.64** 10.00** 9.55** 11.36** 0.19ns 22.27** 

 

DTM 25.94** 33.10** 30.42** 32.76** 26.87** 31.21** 27.85** 6.38** 31.21** 

ET -22.22 ns 133.33** 80.95** 17.39ns 9.52ns 96.55** -27.59ns 6.90ns 89.66** 

PHT -48.96** -16.87 ns -12.20 ns 0 ns -26.34 ns -5.51 ns -11.15 ns -27.57ns 9.93 ns 

PANL -16.67* -7.27 ns -8.93 ns 21.82** 0 ns -18.33** -18.33** 1.67ns -21.67** 

FGN -75.16ns -58.12** 14.40ns -46.86** -20.16ns 70.90** -8.96ns -11.94ns -45.27** 

SGN 301.52** 954.84** -42.11ns -45.96** 337.50** 400** 157.89** 16.15 ns -25 ns 

TGW -25.20** -20.54** -4.75 ns 5.65 ns -19.36 ** -25.21** -9.60** -22.13** -15.30** 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= 
Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= Sterile Grain number, TGW= Thousand grain weight 

Table 7 Mid parent heterosis value of crosses   

 NR11832 NR11847 NR11850 NR11851 NR11833 NR11839 NR11846 NR11829 NR11836 

DTF -11.57** 11.57** 15.74** 12.04** 9.55** 11.36** 0.19ns 22.27** 5.56** 

DTM 34.03** 32.74** 33.68** 28.62** 32.99** 32.75** 7.82** 32.09** 17.93** 

ET 151.28** 85.37** 22.73ns 27.78ns 142.55** -14.29ns 19.23ns 150** 38.46 ns 

PHT -10.62ns -4.91 ns -5.42 ns -19.00 ns 6.86 ns -8.77 ns 19.59ns 26.96 ns -3.02ns 

PANL -3.77 ns -8.11 ns -17.31* 5.77 ns -11.71 ns 15.52* 11.92 ns -13.76* -6.67ns 

FGN -46.67** 24.68ns -27.76ns 16.63ns -62.26** 1.53ns 21.65ns -18.97ns -13.10 ns 

SGN -1089.09 -25 ns -9.38ns 463.22* 552.12** 188.24** 81.55** -16.33ns -10.09 ns 

TGW -10.28** 3.64 ns 12.75** -7.86** -23.38** -8.07** 26.77** -12.06** 4.33 ns 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= 
Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= Sterile Grain number, TGW= Thousand grain weight 

 

Table 8 Mid parent heterosis value of crosses contd…  

 NR11849 NR11835 NR11853 NR11845 NR11869 NR11828 NR11856 NR11859 NR11862 

DTF 10.00** 6.02** 10 ** 1.85** 9.55** 31.79** 22.03** 3.20** 10.45** 

DTM 33.33** 13.10** 37.54** 9.03** 25.44** 34.72** 34.77** 22.84** 36.16** 

ET 23.08 ns 244.44** 83.33 ns 52.38 ns 42.86 ns 180.00** 37.50 ns -28.00ns -12.50 ns 

PHT -21.51 ns 37.10* 22.08 ns -11.07 ns -49.81** -13.33 ns 2.92 ns -38.38** -45.45 ** 

PANL -17.76* 17.3* -1.89 ns -5,45 ns -16.07* 45.38* 8.74ns -8.72ns -8.12 ns 

FGN -18.42 ns 54.49* -22.87 ns -24.92 ns -53.85** 50.97 ns -91.84 ** -71.81* -72.92** 

SGN -70.09 ns 14.94 ns 236.47* -28.68 ns -73.23 ns -41.89ns 414.29** 246.25** 352.99** 

TGW -8.51 ns 20.87** -17.00 ** 20.26** -11.71 * 16.50** 3.76 ns -14.14* -20.25** 

‘**’= significant at p-value < 0.01, ‘*’= significant at p value 0.05, ‘ns’= non-significant; DTF= Days to flowering, DTM= Days to maturity, ET= 
Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= Sterile Grain number, TW= TGW= Thousand grain 

weight 
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Table 9 Contribution of Lines, Testers and Line X Tester for set1, set2 and set 3   

  set1   set2   set3  
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DTF 0.10 35.04 64.86 7.00 88.62 4.38 61.38 22.87 15.75 

DTM 4.13 39.16 56.70 19.99 75.52 4.48 63.68 6.22 30.1 

ET 6.27 52.09 41.64 41.78 27.61 30.61 59.78 16.87 23.35 

PHT 19.80 11.14 69.06 31.66 55.65 12.69 76.47 12.16 11.37 

PANL -1.55 5.63 -1.55 61.66 35.22 3.12 83.33 13.33 3.33 

FGN 0.33 79.00 20.68 48.86 26.12 25.02 20.14 37.75 42.11 

SGN 1.37 50.65 47.98 51.19 1.48 47.33 33.66 29.67 36.67 

TGW 4.98 74.04 20.98 14.61 53.5 31.89 99.29 0.15 0.56 

DTF= Days to flowering, DTM= Days to maturity, ET= Effective tillers, PHT= Plant height, PANL= Panicle length, FGN= Fertile Grain Number, SGN= 
Sterile Grain number, TGW= Thousand grain weight, LxT= Line X Tester 

4.9. Contribution of Lines, Testers and Line X Tester for set1, set2 and set 3 

As seen in table 9 In set1, Line had no contribution to any of the traits, contribution of tester was on effective tillers, 
panicle length, fertile grain number, sterile grain number and thousand grain weight. Similar result was reporter by Faiz 
et al,2006 who showed that tester had more contribution to the various characters of rice. While Line X Tester had 
contributions on days to flowering, days to maturity and plant height. Smaller contribution of line x testers than the 
testers indicate higher estimates of variances due to general combining ability. Rissi et al. (1991) also reported higher 
estimates of GCA variances due to testers in rice. 

In set2, contribution of Line was on characters such as effective tillers, panicle length, fertile grain number and sterile 
grain number, while days to flowering, days to maturity, plant height and thousand grain weight were contributed by 
tester. No contribution of Line X Tester on any of the characters. This shows cross had no contribution of hybrid to the 
variation in the characters. This is in accordance with the research of Dinesh et al. (2016) whose study showed more 
contribution of Lines for the variance in the characters. 

And while considering set3, Line contributed to the characters such as days to flowering, days to maturity, effective 
tillers, plant height, panicle length and thousand grain weight and Line X Tester contributed to fertile grain number and 
sterile grain number. Testers had no contribution to any of the characters. 

5. Conclusion 

Out of all characters when panicle length and fertile grain number- which are the yield determining characters -
were considered Sukhadhan-2 was found to be the best parent for fertile grain number and cross between Himali X 
Taichung-176 and Manjushree-2 X Samba Mahsuri Sub-1 were found to be best cross due to high GCA and SCA values 
respectively. When panicle length was considered, IR775- 39-80-2-2-2 was the best parent and cross of Khumal 8 X 
Sugandha-2 were the best cross having highest GCA and SCA value respectively. When fertile grain number was 
considered cross of Khumal 8 X Sukhadhan-2 had highest heterobeltiosis value and when panicle length was 
considered cross of Khumal 4 X Sugandha-2 had highest heterotic value. 

So, those parents which had the highest GCA value for a certain trait are good combiners for that character, that can be 
further utilized to produce offspring with desirable character. 
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