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ABSTRACT 
 

Hybrid rice technology is one of the potential options for increasing rice yield. The present study was carried out to know the 

effectiveness of wide compatibility trait.  The compatibility as measured by percentage spikelet fertility in F1s revealed it to 

vary between the IR58025WCB having wide compatibility (WC) gene and IR58025B. The F1s were also analyzed for pollen 

fertility with I2-KI solution. In crossing of IR58025WCB with indica, japonica and tropical japonica testers, group mean spikelet 

fertility 83.62%, 77.75% and 69.16% respectively; and in comparison to crossing of recurrent parent IR58025B with indica, 

japonica and tropical japonica testers, group mean spikelet fertility 81.80%, 43.90% and 59.94% respectively. The 

anticipated increase in group mean percentage overcome with indica, japonica and tropical japonica testers 2.50%, 13.93% 

and 36.99% for pollen fertility and 2.22%, 77.11% and 15.38% for spikelet fertility respectively. Such kind of approach helps in 

the combination of genetic background of the two dissimilar sub-species. The effectiveness of wide compatibility trait in 

improved parental line would be used for exploitation indica and japonica in hybrid rice breeding programme. 
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INTRODUCTION 
 

Rice (Oryza sativa) is a staple food for almost two thirds of     / japonica (Yuan,  1994; Zhang et al., 1993). The inter sub     

the world population plays a key role in Indian economy. To feed  specific hybrids (indica/japonica) possess approximately 30% 

an increasing population of India needs to produce at least 125 higher yield potential compared to inter-varietal hybrid (Cao 

million tonnes of rice by year of 2020. Hybrids possess a yield        and Zhan, 2014). 

advantage  of  15–20%  yield  over  the  best commercial rice The   wide   compatibility   is  a  neutral   allele  (n),  which 
varieties (Virmani, 1996; Normile, 1999) and at least 72 public  overcome  hybrid  sterility  between  indica  and  japonica  and 
and private bred hybrids are  available  for  commercial  useful for better heterosis. The indica allele i and japonica allele 
cultivation in India. Exploitation of inter-subspecific heterosis in j show hybrid sterility when come together in crosses. So far, all 
rice is recognized as  one  of  the  innovative  approaches  to  homozygotes (i/i, j/j, and n/n) and heterozygotes with n allele 
further enhance genetic yield potential. A major difficulty (j/n and i/n) remain fertile. These results made Prof. Ikehashi 
encountered in the development of such intersubspecific hybrid  and his group to conclude that the neutral allele n or WC gene 
is the complete or partial hybrid sterility (HS)  frequently  was capable  of overcoming  the  complete  or semi-sterility  in  
observed in most indica/japonica crosses (Kato et al., 1928).    indica/japonica hybrids. The wide compatibility gene has been  
The magnitude of heterosis in Asian cultivated rice (Oryza incorporated into several indica and japonica varieties in Japan,  
sativa L.) is reported to be in the order of indica/japonica >   China and at IRRI for development of higher yielding varieties   
indica / javanica > japonica / javanica > indica/indica > japonica     and hybrids, through conventional breeding (Araki et al., 1990; 
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MATERIALS  AND  METHODS total number of counted pollen grains. 
Number of filled spikelet in the panicles 

IR58025B is an elite maintainer line of WA cytoplasm of rice Spikelet fertility (SF) % =  ----------------------------------------------- x 100 

derived  from  the  cross  between  female IR48483A/8*PUSA Total number of spikelet in the panicle 

167-120-3-2 and male PUSA 167-120-3-2 having long slender Based  on percentage  spikelet  fertility  of testcross F  plants 
grain and mild aroma. It is a maintainer line of IR58025A. The 

were classified  as above  65% (normal  fertile),  intermediate 
study was conducted at the research farm of the Barwale 

fertile (40-65%) and less than 40% (semi-sterile) (Vijay Kumar 
Foundation (BF), Maharajpet, Hyderabad, India during kharif           

and Virmani, 1992).
 

2014  to rabi  2014-15.  IR58025WCB  having  WC gene  and 

IR58025B were crossed independently with  five Indica testers RESULTS  AND  DISCUSSION 
(APO,  IR36,  IR72,  IR  64  and  Shan  Huang  Zhan  2),  five 

Japonica testers (Kinmaze, Nipponbare, Tainung 67, CT9993 

and M 201) and five Tropical Japonica testers (Moroberekan, 

IR68552-55-3-2, Azucena, Banten and Calotoc) to produce 20- 

25 F1 seeds per cross during kharif 2014. The pollen parent and 

the respective F1 was planted side by side followed by another 
set of pollen parent and F  during rabi 2014-15. About 25 day 

In  crossing  of  IR58025WCB  with  indica,  japonica   and 

tropical japonica pollen fertility ranged from 73.33% (IR 64) to 

88.33% (IR72), 60.00% (Tainung 67) to 88.33% (M 201)   and 

36.67% (Banten) to 81.67% (Moroberekan) respectively; and in 

comparison to IR58025B with indica, japonica and tropical 

japonica  testers,  pollen  fertility  ranged  from  75.00% (Shan 
1 

Huang Zhan 2) to 85.00% (IR72), 35.00 (Kinmaze) to  93.33% 
old F1 seedlings  from  each  of  the  crosses  were   planted (M 201) and 25.00% (Banten) to 68.33% (Calotoc) respectively. 
adopting a spacing of 15 x 15 cm between pollen parent and F1 It was observed  that  estimates  of group  mean  pollen  fertility in 

and 30 x 15 cm between F1  and pollen parent of another set. IR58025WCB with indica, japonica and tropical japonica testers 

Recommended package of cultivation practices was followed. 82.00%, 76.33%, and 61.00% respectively; and in comparison 

Care was taken to plant single seedling per hill.  to crossing  of recurrent  parent  IR58025B  with  indica, japonica 

Pollen  was  anticipated  as  percentage   pollen  staining, and tropical japonica testers, group mean pollen fertility 80.00%, 

based on panicles of main tillers of five individual plants of each  67.00% and 44.53% respectively. In crossing of IR58025WCB 

F1.  For  pollen  fertility,  one  or  two  panicles  per plant were  with indica, japonica and tropical japonica standard deviation in 

sampled at the time of flowering, unopen six florets per panicles percentage   pollen   fertility   ranged   from   5.00   (APO)      to 

were  taken  randomly  and  fixed  in  70%  (v/v)  ethanol.  One  10.41(IR36),  0.00  (CT9993)  to  11.55   (Kinmaze)   and  5.00 

anther per floret was collected, and the six anthers from the   (IR68552-55-3-2)   to   14.43   (Azucena)   respectively;   and   in   

same panicle were mixed and spread on a microscopic slide    comparison  to  IR58025B  with  indica,  japonica  and  tropical     

and crushed using 10-20 µl 1% Iodine-Potassium  Iodide  japonica  testers,  standard  deviation  in pollen  fertility  ranged 

solution (Rosamma and Vijayakumar, 2005); the slides were from 5.00 (IR 64, Shan Huang Zhan 2) to 10.00 (IR72), 2.89% 

examined  under  microscope  by  using   40x   magnification.  (Nipponbare, Tainung 67, M 201) to 10.41 (CT9993) and 5.00 

Approx 300 pollen grains per sample, were scored for pollen (Banten) to 30.55 (Calotoc) respectively. Details of pollen fertility  

fertility.   The   pollen   with   deeply   stained   and   round   was      was mentioned in Table 1. 

considered  as  fertile  and  the  pollen  with  pale    stain  and In  crossing  of  IR58025WCB  with  indica,  japonica  and 
shriveled was considered as sterile. Staining of pollen depends     tropical japonica testers, spikelet fertility ranged from 78.29% 
on the relative starch contents. Pollen fertility (%) of plants was (APO) to 88.48% (IR72), 67.63% (Kinmaze) to 86.13%  
calculated as the ratio of the number of stained grains to the         (Nipponbare)   and   67.71%   (Azucena)   to   72.70%     (Calotoc) 

Table 1.  Comparative  study  of  F1 percentage  pollen  fertility  (%  PF±SD)  of  crosses  involving  IR58025B    and 

IR58025WCB with Indica, Japonica and Tropical Japonica testers 

Mean pollen fertility with 
 

Genotypes Indica testers % PF Japonica testers % PF Tropical Japonica testers % PF 

IR58025B APO 78.33±7.64 Kinmaze 35.00±5.00 Moroberekan 38.33±15.28 

 IR36 81.67±7.64 Nipponbare 81.67±2.89 IR68552-55-3-2 40.00±8.66 

 IR72 85.00±10.00 Tainung 67 61.67±2.89 Azucena 51.00±21.63 

 IR64 80.00±5.00 CT9993 63.33±10.41 Banten 25.00±5.00 

 Shan Huang Zhan 2 75.00±5.00 M 201 93.33±2.89 Calotoc 68.33±30.55 

 Group mean 80.00 Group mean 67.00 Group mean 44.53 

IR58025WCB APO 85.00±5.00 Kinmaze 73.33±11.55 Moroberekan 81.67±7.64 

 IR36 86.67±10.41 Nipponbare 85.00±10.00 IR68552-55-3-2 55.00±5.00 

 IR72 88.33±5.77 Tainung 67 60.00±5.00 Azucena 58.33±14.43 

 IR64 73.33±7.64 CT9993 75.00±0.00 Banten 36.67±11.55 

 Shan Huang Zhan 2 76.67±7.64 M 201 88.33±5.77 Calotoc 73.33±12.58 

 Group mean 82.00 Group mean 76.33 Group mean 61.00 
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respectively; and in comparison to IR58025B with indica, 

japonica and tropical japonica testers, spikelet fertility ranged 

from  75.39%  (APO)  to  86.02%  (IR72),  28.71  (Kinmaze) to 

62.22%   (Nipponbare)   and   50.98%   (Banten)   to  69.70% 

(Calotoc)  respectively.  Representative  F1    panicles   showing 

effectiveness of wide compatibility trait was presented in Fig. 1. 

In crossing of IR58025WCB with indica, japonica and  

tropical japonica testers, group mean spikelet fertility 83.62%, 

77.75% and 69.16% respectively; and in comparison  to  

crossing of recurrent parent IR58025B with indica, japonica and 

tropical japonica testers, group mean spikelet fertility 81.80%, 

43.90% and 59.94% respectively. In crossing of IR58025WCB 

with   indica,   japonica   and  tropical   japonica   testers, standard 

 
 

A B C 

Fig. 1. Spikelet fertility in F1 of 

A. IR58025B/IR36 and IR58025WCB/IR36; 

B. IR58025B/Tainung67  and  IR58025WCB/Tainung67; 

C.  IR58025B/IR68552-55-3-2   &  IR58025WCB/IR68552- 
55-3-2 respectively 

deviation in spikelet fertility ranged from 0.13 (IR36) to 6.16 
minor   effect   in   addition   to   S5   in   improving hybrid  fertility 

(IR64), 1.53 (Kinmaze) to 9.17 (CT9993) and 2.27 (IR68552-55- 
(Ikehashi and Wan, 1996). An indica variety when crossed with 

3-2)  to  6.63  (Calotoc)  respectively;  and  in  comparison  to 
a  set  of  japonica  varieties  would  give  hybrids of relatively 

IR58025B with indica, japonica and tropical   japonica testers, 
uniform   fertility   as  against   variable   fertility   in  crosses  of  a 

standard  deviation  in  spikelet  fertility  ranged  from 0.93 (Shan 
japonica  with  a  set  of  indica  varieties.  Indica varieties are 

Huang Zhan 2) to 2.91 (IR72), 0.49 (CT9993) to 6.13 (Kinmaze) 
therefore considered to be the determiners of fertility behaviour 

& 0.34 (Banten) to 2.02 (Moroberekan) respectively. Details of 
in indica/japonica  hybrids.  This  is possibly  due to the  fact that 

spikelet fertility was presented in Table 2. 
indica  group  as  a  whole  is  more  diverse  than     japonica 

It  was  found  that  more  standard  deviation  in percentage (Richharia  et al.,  1962).  High  spikelet  fertility  of F1    hybrids 

pollen fertility, compare to percentage spikelet fertility in F1s. The depends on the presence of WC gene either in male sterile or 
estimated group mean pollen percentage overcome with indica, restorer line (Tao and Zhou, 1997). Wide compatibility varities 
japonica and tropical japonica testers were 2.50%, 13.93% and (WCVs), when used as male parents exhibited positive effect in 
36.99% respectively; and  for  spikelet  fertility  percentage  respect of number of spikelets/panicle and percentage spikelet  
overcome 2.22%, 77.11% and 15.38% respectively. The hybrid        fertility in their hybrids with indica and japonica testers (Vijaya 
fertility  analysis  showed  a considerable  variation  in F1s with Kumar et al. 1999). The hybrids between WCV on one hand and 

improved maintainer line IR58025WCB having WC gene and either Indicas or Japonicas on the other show normal  pollen  
IR58025B without WC gene with japonica and tropical japonica fertility. It was first used as indica (IR 36 and IR 50) testers and 

testers but almost  similar  with  indica  testers.  The  cause  of  as  japonica  (Nipponbare  and  Akihikari)  testers.  A  wide 

differential  expression  in  different  backgrounds  may   be   compatibility variety (WCV) should produce F1  hybrid with over  

epistasis or non-allelic interactions.  It was observed  different 90%  pollen  fertility  and  over  75-80%  spikelet  fertility  when  

degree of expression of WC genes and suggested the set of crossed with these testers (Ikehashi and Araki, 1984). It has 
modifier gene(s) and epistasis (Kumar and Chakraborty, 2000).      been subsequently observed that S5n did not neutralize hybrid 

It was emphasized the role of additional genes modifying hybrid semi-sterility in all combinations suggesting the possibility of 
fertility in the presence of WC gene in one  way  or  another involvement of more neutral genes. More than 50 loci across the 
(Kinoshita,  1995),  whereas,  it  was  proposed  other  loci  with          rice genome have been shown to affect hybrid sterility. Of these 

Table  2.  Comparative  study  of F1 percentage  spikelet  fertility  (%  SF±SD)  of  crosses  involving  IR58025B and 

IR58025WCB with Indica, Japonica and Tropical Japonica testers 

Mean pollen fertility with 
 

Genotypes Indica testers % PF Japonica testers % PF Tropical Japonica testers % PF 
 

IR58025B APO 75.39±1.54 Kinmaze 28.71±6.13 Moroberekan 57.81±2.02 

 IR36 82.96±2.71 Nipponbare 62.22±0.84 IR68552-55-3-2 68.49±1.29 

 IR72 86.02±2.91 Tainung 67 43.47±1.10 Azucena 52.71±0.65 

 IR64 82.58±1.02 CT9993 38.96±0.49 Banten 50.98±0.34 

 Shan Huang Zhan 2 82.04±0.93 M 201 46.12±2.05 Calotoc 69.70±1.00 

 Group mean 81.80 Group mean 43.90 Group mean 59.94 

IR58025WCB APO 78.29±1.64 Kinmaze 67.63±1.53 Moroberekan 67.96±4.58 

 IR36 83.94±0.13 Nipponbare 86.13±3.40 IR68552-55-3-2 68.49±2.27 

 IR72 88.48±2.13 Tainung 67 78.38±1.80 Azucena 67.71±3.12 

 IR64 81.30±6.16 CT9993 83.57±9.17 Banten 68.96±2.96 

 Shan Huang Zhan 2 86.10±3.65 M 201 73.02±1.98 Calotoc 72.70±6.33 

 Group mean 83.62 Group mean 77.75 Group mean 69.16 
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loci, approximately 20 loci control female gamete abortion, more 

than 30 are involved in male gamete abortion, and over 10 affect 

spikelet sterility (Ouyang et al., 2009). Indica-Japonica hybrids 

showed a pollen sterility of a about 45-55% on the basis of stain 

ability.  It was  reported  that  low  germinability  of morphologically 

Ikehashi H and Wan J. 1996. Differentiation of alleles at seven loci 

for hybrid sterility in cultivated rice (Oryza sativa L.). Rice 

Genetics III, IRRI. pp. 404-408. 

Ikehashi H. 1991. Genetics of hybrid sterility in wide hybridization in 

rice. (in) Biotechnology in Agriculture & Forestry. 14 : 113-127. 

normal pollen (<10%) could be a factor for sterility in  indica x Kato S, Kosaka H and Hara S. 1928. On the affinity of rice varieties 

japonica hybrids (Liu et al., 1992). Spikelet fertility ranging from 

as low as 2.7% to as high as 88.4% in the inter-subspecific 

as shown by fertility of hybrid plants. Bull. Sci. Fac. Agric. 

Kyushu Univ. 3 : 132-147. 

crosses indicated sterility neutralizing effect  of WC   genes to Kinoshita T. 1995. Report of the committee on gene symbolization, 

depend as well as on the genetic background of the parents 

involved (Reddy et al., 2000). Testcrosses with IR 64446-7-3-2- 

nomenclature and linkage groups. Rice Genet. Newslett. 12 : 

24-93. 

2  and  IR  65598-112-2  showed  spikelet  fertility  to    be  either Kumar  S and Chakrabarti  S N. 2000.  Genetic  and  cytogenetic 

similar to or higher than that of the parents and tester lines, 

suggesting these two lines to possess the WC genes. Both the 

lines are semi dwarf and possess the characteristics of IRRI's 

new plant type breeding line i.e. fewer tillers and larger panicles 

than the current modern high yielding varieties (Bharaj et   al., 

analysis of spikelet sterility in Indica X Japonica crosses in 

Oryza sativa L. Indian Journal of Genetics and Plant Breeding. 

60 (4) : 441-450. 

Liu A, Zhang Q and Li H. 1992. Location of a gene for wide 

compatibility in the RFLP linkage map. Rice Genet. Newslett. 9 

1994). Embryo-sac fertility showed more than 93% in  the S5
n : 134-136. 

gene–harboring hybrids, whereas embryo-sac fertility showed 

relatively low in control hybrids between typical indica and 

japonica cultivars without the S5
n 
gene, suggesting that S5

n 
can 

overcome the sterility between indica–japonica hybrids (Yang et 

al., 2012). F1 hybrids, indica × japonica (I × J) showed hybrid 

sterility and spikelet fertility percentage ranged from 4 to 97% 

(Revathi P et al., 2015). 

CONCLUSION 

Normile D. 1999. Crossing rice strains to keep asia's rice bowls 

brimming. Science. pp. 283-313. 

Ouyang Y D, Chen J J, Ding J H and Zhang Q F. 2009. Advances in 

the understanding of inter-subspecific hybrid sterility and wide 

compatibility in rice. Chin. Sci. Bull. 54 :  2332-2341. 

Reddy O U K, Siddiq E A, Sarma N P, Ali J, Hussain A J 

Nimmakayala P, Ramasamy P, Pammi S. and Reddy, A.S. 

2000. Genetic analysis of temperature- sensitive male sterility 

in rice. Theor. Appl. Genet. 100 : 794-801. 

Revathi P, Chandra D, Deen R, Singh A K, Singh S, Lal M Bhadana 
The present study demonstrates differential  expression of V P and Ram T. 2015. Marker assisted selection for S5 neutral 

hybrid fertility between improved maintainer line with    WC gene allele in inter-subspecific hybridization of rice. Molecular Plant 
and original parent without WC gene in terms of both pollen and Breeding. 6 (1) : 1-7. 

spikelet   fertility.   The   new   materials developed  showed 
Richharia R H, Misro B and Rao R K. 1962. Sterility in the rice 

overcome the hybrid sterility in the inter-subspecific crosses and  hybrids and its significance. Euphytica. 11 (2) : 137-142.  
would be prove to useful for indica-japonica hybrid technology to 

Rosamma  C A and  Vijayakumar  N  K.  2005.  Maintainers and 
increase in yield potential.  

restorers for CMS lines of rice. J. Trop. Agric. 43 : 75–77. 
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