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Identification of Potential restorers and maintainers with high Zinc in hybrid rice (Oryza sativa L.)
Abstract

Hybrid rice technology is an effective way for increasing rice production to meet the future rice demands of growing population. Inadequate numbers of restorer and maintainer lines are the major constrains for the development of location-specific rice hybrids. Present investigation involves the identification of restorers and maintainers with high zinc. Under this study, six cytoplasmic male sterile (CMS) lines and five testers were crossed in line × tester fashion and crosses were evaluated in order to identify potential restorers and maintainers. Genotypes were categorized as restorers (> 80% spikelet fertility), partial restorers (20 to 79% spikelet fertility), partial maintainers (10-20% spikelet fertility) and maintainers (<10% spikelet fertility). The identified maintainers and restorers can play a pivotal role in hybrid rice development. Spikelet fertility percentage revealed that Zinco Rice was identified as a potential restorer for CMS 23A, CGZR -2 was identified as a potential restorer for CMS 64A, CGZR -1, CGZR -2 and DRR Dhan 45 were identified as potential restorers for JMS 13A. CGZR -1 was identified as a potential restorer for JMS 18A. CGZR -1 and Surabhi were identified as potential restorers for JMS 19A as their respective hybrids have registered more than 80% spikelet fertility. CGZR -2 was identified as a maintainer for CMS 23A and Zinco Rice was identified as a maintainer for JMS 18A as they have registered less than 10 % spikelet fertility.
Introduction
Globally rice (Oryza sativa L.) is the most important staple food crop. Rice occupies significant place in Indian Agriculture and also contributes to the total agricultural income of the Asian countries. The cultivated species are Oryza sativa and Oryza glaberrima. Oryza sativa is grown all over the world and species glaberrima has been cultivated in few areas like West Africa. Rice is the most important food crop pertaining to human nutrition and caloric intake, supplying more than one-fifth of the calories consumed worldwide by the humans. Rice is a self-pollinated crop. Therefore, male sterility system is essential for developing commercial rice hybrids. Though several male sterility systems are known to occur in rice, cytoplasmic-genetic male sterility has been extensively used for developing rice hybrids. For the development of rice hybrids through cytoplasmic genetic male sterility identification of maintainer and restorer lines from the elite lines is utmost important. Based on the spikelet fertility and spikelet sterility percentage of hybrids concerned male line could be identified as restorers and maintainers respectively. Identification of maintainers possessing recessive fertility restorer gene or genes and restorers with dominant fertility restorer genes or gene is the main step in exploitation of hybrid vigor and is fundamental for the commercial exploitation of heterosis breeding programme using cytoplasmic male sterility (CMS) system.
Material and Methods

The present investigation entitled “Identification of Potential restorers and maintainers with high zinc in hybrid rice (Oryza sativa L.)” was undertaken during Rabi, 2019 -2020 and Rabi, 2020-2021 at Regional Agricultural Research Station (RARS), Polasa, Jagtial of Telangana state. Experimental material for the identification of fertility restorers and sterility maintainers comprised of 30 hybrid progenies derived from combinations involving six CMS lines i.e., CMS 23B, CMS 64B, JMS 13B, JMS 17B, JMS 18B and JMS 19B and five testers i.e., CGZR - 1, CGZR - 2, DRR Dhan 45, Zinco Rice and Surabhi rich in zinc content. 
The Regional Agricultural Research Station (RARS) at Jagtial is situated at an altitude of 243.4 m above mean sea level on 18º49’40” N latitude and 78º56’45”E longitudes in Northern Zone of Telangana State. The fields are homogeneously fertile with even topography and uniform textural make up. Further the fields are located adjoining the main irrigation channel connecting the farm tube well for quick, regular and timely irrigation. The experimental soil is loamy clay, Proper drainage facility is also provided in order to remove excess water during experimental period. 
Many researchers found a strong correlation between pollen fertility and spikelet fertility indicating that either pollen or spikelet fertility could be used as a criterion to classify pollen parents as maintainers or restorers. Therefore, in the present study the crosses were evaluated on the basis of spikelet fertility during Rabi, 2020 - 21 to identify the maintainers and restorers. Estimation was done on five panicles from randomly selected five plants at maturity. Spikelet fertility percentage of hybrids was assessed by taking the count of well filled and chaffy spikelets in each panicle, calculated from using the following formula. In the present investigation, five male parents namely CGZR -1, CGZR - 2, DRR Dhan 45, Zinco Rice and Surabhi were categorised as restorers and maintainers based on spikelet fertility percentage of respective hybrids.
The spikelet fertility percentage was calculated as per the following formula 

Spikelet fertility (%) =  Number of filled grains per panicle     
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                                                                                                    × 100

                                       Total number of grains per panicle                                                                                     
The male parents were classified into four categories i.e.,effective restorers, effective maintainers, partial restorers and partial maintainers based on spikelet fertility percentage of respective hybrids. Effective restorers (81-100 % spikelet fertility), effective maintainers (0 - 10 % spikelet fertility), partial restorers (20 - 79 % spikelet fertility) and partial maintainers (10 - 20 % spikelet fertility) following the method suggested by Ingale et al. (2008) and Khan et al. (2012). 
List 1 : Spikelet fertility
	Category
	Spikelet fertility (%)

	Maintainers
	0 - 10

	Partial maintainers
	10 -20

	Partial restorers
	20 - 79

	Restorers
	> 80


Results and Discussion
The analysis of variance was performed to test the difference among the genotypes (six lines, five testers, 30 hybrids and two checks) for all the 15 characters and is presented in (Table 1). The results exhibited that the mean sum of squares due to treatments were significant for all the characters. These results indicated that significant variability is present in the material studied.
Pollen parents were identified as restorers if their respective hybrids exhibit spikelet fertility above 80%, as partial restorers between 20 to 79 %, as partial maintainers between 10 to 20 % and as maintainers for less than 10%. Fertility restoration reaction of hybrids is presented in the (Table 2).
Spikelet fertility (%) recorded among the hybrids ranged from 4.25% (JMS 18A X Zinco Rice) to 83.7 % (CMS 64A X CGZR -2). Among 30 crosses studied, nine crosses exhibited very high spikelet fertility (>80%), 19 crosses exhibited partial fertility (20 to 79%) and two crosses recorded very low fertility (<10%). The frequency of restorers, partial restorers, and maintainers were 30.00 %, 63.33%, and 6.66 % respectively. Spikelet fertility showed that most of the genotypes were partial restorers (19) and frequency of restorers (nine) was higher than that of maintainers (2). No partial maintainer was identified.

Veeresha et al. (2013) also reported maximum frequency of partial restorers (28) and also found that frequency of restorers (21) was higher than that of maintainers (1) from evaluation of 53 test crosses.

Identification of restorers 
The use of cytoplasmic genetic male sterility in developing hybrid varieties in grain crops is possible only when effective restorers are identified or developed. Based on spikelet fertility, Zinco Rice can be regarded as potential restorer for CMS line CMS 23A as their respective hybrid i.e., CMS 23A X Zinco Rice has shown 82.99 % spikelet fertility. CGZR-2 can be considered as potential restorer for CMS line CMS 64A as their respective hybrid has shown 83.70 % spikelet fertility. CGZR -1, CGZR -2 and DRR Dhan 45 can be regarded as potential restorer for JMS 13A as their respective hybrids have exhibited 82.40 %, 81.40 % and 80.85 % spikelet fertility. CGZR -1 can be concluded as potential restorer for JMS 18A as their respective hybrid has shown 82.40 % spikelet fertility. CGZR -1 and Surabhi can be regarded as potential restorer for JMS 19A as their respective hybrids have registered 81.25 % and 82.35 % spikelet fertility. Hybrid CMS 64A X CGZR-2 exhibited highest spikelet fertility (83.70%) followed by CMS 23A X Zinco Rice (82.99 %), 82.40 % (JMS 13A X CGZR - 1 and JMS 18A X CGZR -1), JMS 19A X Surabhi (82.35 %), JMS 13A X CGZR -2 (81.40 %), JMS 19A X CGZR-1(81.25%), JMS 13A X DRR Dhan 45 (80.85%) and JMS 18A X Surabhi (80.65%). CGZR -1, DRR Dhan 45 and Surabhi behaved as partial restorer for CMS line CMS 23A as their respective hybrids have exhibited 30.82 %, 50.07 % and 38.80 % spikelet fertility. CGZR -1, DRR Dhan 45, Zinco Rice and Surabhi were regarded as partial restorers for CMS 64A as their respective hybrids have registered 72.90 %, 71.05 %, 68.20 % and 58.15 % spikelet fertility. Zinco Rice and Surabhi were identified as partial restorers for JMS 13A as their respective hybrids have registered 35.36 % and 63.80 % spikelet fertility. CGZR -2, DRR Dhan 45 and Zinco Rice behaved as partial restorers for JMS 19A as their respective hybrids have registered 28.10 %, 38.29 % and 30.55 % spikelet fertility. CGZR -1, CGZR -2, DRR Dhan 45, Zinco Rice and Surabhi behaved as partial restorers for JMS 17A as their respective hybrids have registered 29.35 %, 50.45 %, 34.70 %, 45.60 % and 28.15 % spikelet fertility. CGZR -2 and DRR Dhan 45 were identified as partial restorers for JMS 18A as their respective hybrids have registered 29.20 % and 60.95 % spikelet fertility. Therefore the male parents of these crosses with high zinc content viz.,  CGZR - 1 (28.15 mg/kg), CGZR - 2 (27.37 mg/kg), DRR Dhan 45 (25.46 mg/kg), Zinco Rice (25.64 mg/kg) and Surabhi (20.24 mg/kg) can be effectively utilized as good restorer lines to develop hybrids, with high zinc content and high yields. These results are in accordance with the findings of Srijan et al. (2015) and Rajendra Prasad et al. (2017). Fig no.1 shows the pollen fertility restoration pattern observed in experimental hybrids under trinocular microscope
 Identification of maintainers
The studies on spikelet fertility percentage indicated that none of the hybrids posed 100 percent sterility. However a very low magnitude of spikelet fertility was identified in the hybrids CMS 23A X CGZR -2 (5.20%) followed by JMS 18A X Zinco Rice (4.25%). The lines which were identified as effective maintainers could be further backcrossed with their respective F1’s to obtain completely sterile back cross progenies so, that these can be developed as new CMS lines which in turn can be further used as female parents to develop high yielding rice hybrids. Additionally pollen studies were also carried out for these two hybrids which exhibited pollen fertility percentage of 0 % and 1 % respectively as shown in the Fig no.2. Similar findings have been reported by Hemareddy et al. (2000) and Parimala et al. (2020).
Table 1. Analysis of variance for yield and quality traits in rice

	
	Mean sum of squares

	S.No.
	Character
	Replications  (d.f = 1)


	Treatments (d.f = 42)
	Error

(d.f = 42)

	1
	Days to 50% flowering
	1.97
	52.20 **
	0.85

	2
	Plant height (cm)
	12.66
	142.46 **
	9.41

	3
	Panicle length (cm)
	3.52
	4.11 **
	0.91

	4
	No. of productive tillers per plant
	0.34
	2.54 **
	1.20

	5
	Number of grains per panicle
	126.00
	9299.19 **
	41.35

	6
	Spikelet fertility (%)
	58.06
	1093.85 **
	16.67

	7
	1000-grain weight (g)
	1.86
	23.70 **
	0.53

	8
	Grain yield per plant (g)
	0.10
	169.08 **
	3.46

	9
	Zinc content (mg /kg)
	0.15
	16.80 **
	0.04

	10
	Hulling (%)
	10.68
	106.56 **
	3.35

	11
	Milling (%)
	8.10
	106.64 **
	2.19

	12
	Head rice recovery (%)
	12.89
	110.94 **
	3.60

	13
	Kernel length (mm)
	0.07
	0.58 **
	0.02

	14
	Kernel breadth (mm)
	0.00
	0.12 **
	0.00

	15
	L/B ratio
	0.06
	0.36 **
	0.04


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

Table 2. Fertility restoration reaction of crosses involving six CMS lines and five pollen parents
	S.No.
	Crosses
	Spikelet fertility (%)
	Designation of pollen parent based on spikelet fertility

	1
	CMS 23 A  X CGZR -1
	30.82
	PR

	2
	CMS  23 A X CGZR- 2
	5.20
	M

	3
	CMS 23 A X DRR Dhan 45
	50.07
	PR

	4
	CMS 23 A X Zinco Rice
	82.99
	R

	5
	CMS 23 A X Surabhi
	38.80
	PR

	6
	CMS 64 A  X CGZR -1
	72.90
	PR

	7
	CMS 64 A X CGZR- 2
	83.70
	R

	8
	CMS 64 A X DRR Dhan 45
	71.05
	PR

	9
	CMS 64 A X Zinco Rice
	68.20
	PR

	10
	CMS 64 A X Surabhi
	58.15
	PR

	11
	JMS 13 A X CGZR -1
	82.40
	R

	12
	JMS 13 A X CGZR -2
	81.40
	R

	13
	JMS 13 A X DRR Dhan 45
	80.85
	R

	14
	JMS 13 A X Zinco Rice 
	35.36
	PR

	15
	JMS 13 A X Surabhi
	63.80
	PR

	16
	JMS 17 A X CGZR -1
	29.35
	PR

	17
	JMS 17 A X CGZR -2
	50.45
	PR

	18
	JMS 17 A X DRR Dhan 45
	34.70
	PR

	19
	JMS 17 A X Zinco Rice 
	45.60
	PR

	20
	JMS 17 A X Surabhi
	28.15
	PR

	21
	JMS 18 A X CGZR -1
	82.40
	R

	22
	JMS 18 A X CGZR -2
	29.20
	PR

	23
	JMS 18 A X DRR Dhan 45
	60.95
	PR

	24
	JMS 18 A X Zinco Rice 
	4.25
	M

	25
	JMS 18 A X Surabhi
	80.65
	R

	26
	JMS 19A X CGZR - 1
	81.25
	R

	27
	JMS 19 A X CGZR -2
	28.10
	PR

	28
	JMS 19 A X DRR Dhan 45
	38.29
	PR

	29
	JMS 19 A X Zinco Rice 
	30.55
	PR

	30
	JMS 19 A X Surabhi
	82.35
	R


R – Restorer, PR – Partial restorer, M – Maintainer
Fig 1. Pollen fertility restoration pattern observed in experimental hybrids under trinocular microscope
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Fig 2. Pollen sterility maintaining pattern observed in experimental hybrids under trinocular microscope
 
                                                             
Conclusion

In the present investigation it was observed that, there was differential fertility/sterility reaction of the same genotype (male) when crossed with different female parents i.e., the same genotype behaved as maintainer when crossed with one female parent, whereas on crossing with another female parent it behaved as partial restorer as well as restorer or the same genotype was found to be restorer for one CMS background while, it behaved as partial restorer and maintainer for another CMS background. All five testers viz., CGZR -1, CGZR -2, DRR Dhan 45, Zinco Rice and Surabhi   exhibited variable fertility reaction with different CMS lines. CGZR - 1 behaved as partial restorer when crossed with CMS 23A, CMS 64A and JMS 17A CMS lines while behaved as restorer when crossed with JMS 13A, JMS 18A and JMS 19A CMS lines. CGZR -2 performed as maintainer when crossed with CMS 23A, whereas behaved as restorer when crossed with CMS 64A and JMS 13A. While performed as partial restorer when crossed with JMS 17A, JMS 18A and JMS 19A. DRR Dhan 45 behaved as partial restorer when crossed with CMS 23A, CMS 64A, JMS 17A, JMS 18A and JMS 19A whereas behaved as restorer when crossed with JMS 13A. Zinco Rice performed as partial restorer when crossed with CMS 64A, JMS 13A, JMS 17A, JMS 18A and JMS 19A while performed as restorer when crossed with CMS 23A.
Surabhi performed as partial restorer when crossed with CMS 23A, CMS 64A, JMS 13A, and JMS 17A while behaved as restorer when crossed with two CMS lines i.e., JMS 18A and JMS 19A. These differences in behaviour of some genotypes for fertility restoration could be due to, differential nuclear cytoplasmic interactions between the pollen parents (tester) and female parents (CMS line). It may be also because of the different fertility restoring genes, or variations in their penetrance and expressivity of parental genotypes (Umadevi et al., 2010). It could be due to presence of modifier genes present in the male parent (Ganesan and Rangaswamy, 1998) or due to the influence of the genetic background of the female parent or the CMS line (Hossain et al., 2010) with that of the pollen parent. Virmani et al. (1997), Hemareddy et al. (2000), Salgotre et al. (2002), Vanaja et al. (2003), Hariprassana (2005), Jaymani and Rangaswamy (2006) and Murugan and Ganesan (2006) also reported this kind of differential reaction of rice genotypes with different CMS lines of the same cytoplasmic source. If the numbers of sterility genes are in surplus, then they may act as inhibitors of fertility restoration in F1 hybrids. Some of the established restorers may show incomplete fertility restoration of WA type CMS lines, which is because of the presence of inhibitory genes (Govinda Raj and Virmani, 1988) or hybrid sterility genes in the female parents (CMS lines).The identified maintainers can be developed as a new members in CMS family by repeated back cross breeding. The identified restorer lines can be used as pollen parent in developing new commercial hybrid variety. New restorer may be also developed through crossing programme which can expand the genetic base of restorer by pyramiding complementary traits from diverse sources according to breeding objectives. 
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