EXPLOITATION OF HETEROSIS IN OILSEEDS – SESAME, GROUNDNUT AND SUNFLOWER

Introduction 


The impulse of progress in crop improvement through plant breeding was propelled by a better understanding and an appropriate exploitation of heterosis, the gain in vigour on crossing two inbreds. The value of hybrids and importance of heterosis breeding in oilseeds was recognized early with the inception of All India Coordinated Research Project on oilseeds in 1972 – 73. Oilseeds supplements 10 – 12 % energy needs of the people in the country and shares 10 % of the gross value of total agricultural products. Among the nine edible oilseed crops, sesame, groundnut and sunflower are the major crops widely grown in our country. Hence, exploitation of heterosis in such crops gains importance. 

SESAME 

    
Sesame (Sesamum indicum L. ), an important oilseed crop is cultivated in the tropics and temperate zones of the world for its edible oil, rich in proteins, vitamins and amino acids. India ranks first among the countries of the world accounting for 37 percent of the area and second with 28 per cent of world production. Though India is a largest producer of sesame, the productivity is low due to its cultivation in sub-marginal lands with poor management practices and non availability of high yielding hybrids with resistance to biotic and abiotic stresses. Crop improvement in sesame so far has been mostly confined to selection  or hybridization followed by selection and in this way only marginal improvement could be effected. Therefore, to have a quantum jump in yield, exploitation of hybrid vigour and heterosis breeding is gaining importance. 

Exploitation of  heterosis in sesame 

         
For enhancing yield potential of hybrids it is necessary to reshuffle the genes by crossing and study the heterotic effects in F1. Heterotic study willl have a direct bearing on the breeding methodology to be employed for rapid genetic improvement in sesame. The 


success of hybrids in the cross pollinated crops encourages the plant breeders to exploit the phenomenon of hybrid vigour in self pollinated crops like sesame. In sesame, the heterotic potential available to the tune of 328 per cent (Singh et al., 1986) can be fully exploited to break the yield plateau. Utilization of male sterility will make the commercial hybrid seed production cost effective. 


Observations on hybrid vigour for a number of characters were first reported by Pal (1945). Ricelli and Mazzani (1964) observed that hybrids of cultivars from distinct localities exhibited more conspicuous heterosis. Murthy (1975) reported higher heterosis in indian x exotic crosses than in indian x indian and exotic x exotic crosses. Osman (1989) evaluated heterosis in eleven sesame hybrids obtained by  crossing a genic male sterile parent of tropical origin to eleven fertile parents selected from both temperate and tropical zones. The data revealed that on an average the F1 hybrids were significantly taller and had a significantly higher oil content and seed yield. Hybrids manifesting heterosis for seed yield up to 328 per cent was reported by Sing et al. (1986).  


Sassikumar and Sardana (1990) encountered significant and positive heterosis for number of capsules per plant, number of seeds per capsule and seed yield per plant. They observed negative heterosis for plant height, and number of branches per plant.         Fatteh  et al. (1995) reported high heterosis to the extent of 68.9 per cent on the cross TMV 3 x HT 1 for seed yield. High level of heterosis (191 per cent) over mid parent for capsule number and 170 per cent for seed yield was reported by Anandakumar (1995). 


Chakraborti (1998) evaluated the extent of heterosis for oil quantity and quality in nine salt tolerant sesame lines in normal and saline soils. The maxiumum heterosis value for oil content was observed in all the environments over both mid and better parents. It was noticed that the crosses showing maximum heterosis for the unsaturated fatty acids, oleic and linoleic and the recombinant of better parents in both normal and saline environments.


Information on heterosis was estimated from data on six yield components in eight Sesamum indicum cultivars and their F1 hybrids by Baviskar et al. (1998) in which the cross combinations JL SC-84 x JLSC-67, TKG-69 and JLSC-84 x Tapi were promising as they had significant better parent heterosis. 


Padmavathi (1998) studied heterosis for six yield components in thirty F1 and F2  cross combinations derived from crosses between six agronomically superior genotypes and five well adopted among the parents and crosses for all the characters studied. Three cross combinations showed significant positive heterosis over the better parent with very low inbreeding depression for seed yield per plant. Sakhare et al. (1998) crossed twelve genotypes of sesame and progenies were evaluated for ten yield components. The maximum amount of heterosis was observed for seed yield / plant followed by harvest index and  number of capsules / plant. 


In a study conducted by Alam et al. (1999) eleven of the twenty one crosses showed significant negative heterobeltiosis for days to fifty per cent flowering, two crosses showed significant and positive heterobeltiosis for seed yield / plant, oil yield / plant, number of primary branches / plant and capsule number / plant. High heterosis  in some traits in the crosses was accompanied by significantly  negative heterobeltiosis for other traits. 


Anusha (2000) reported significant and positive heterosis for number of capsules per plant, 1000 seed weight and seed yield per plant. The hybrids CMS T6-1 x Si 1525 and CMS T6-2 x Si 1525 exhibited the maximum positive significant values for heterosis based on all criteria i.e., relative heterosis, heterobeltiosis and standard heterosis for seed yield per plant. Karuppaiyan et al. (2000) crossed 20 lines and four testers and identified two hybrids Si 3214 x SVPR 1 and TMV 6 x SVPR 1 as superior hybrids which recorded significant standard heterosis over standard check CO 1. 


Saravanan (2001) studied heterosis in intervarietal crosses and reported that the cross combination YLM 123 x AHT 123 was recorded highest standard heterosis for characters number of seeds per capsule, number of capsule per plant and seed yield per plant.

Heterosis  in Groundnut 


Heterosis in groundnut is most often observed in crosses between the sub-specific groups. Arunachalam et al. (1983) have studied the role of heterosis in breeding for yield in groundnut. Heterosis in F1 generation of three sets of single and one set of three way cross was evaluated for selection of F1s that gave good chances of providing productive segregants in f1 and F3 generations. 


Durgaprasad and Arunachalam (1983) have demonstrated the manifestation of heterosis in groundnut through genetic diversity and combining ability studies. A study of 64 single crosses, using 8 male and 8 female parents selected on the basis of their genetic divergence has shown that F1 heterosis was higher both in frequency and magnitude in crosses between the parents with intermediate range of divergence. 


In a similar study in North Carolina, Isleib and Wynne (1983) assigned 27 exotic cultivars to groups on the basis of morphological characters. Each cultivar was crossed with a locally adapted, large-seeded Virginia breeding line, NC Ac 18000. Heterosis, as a significant deviation from mid parent value, was present in some crosses for all characters scored and was positive, except for meat content (shelling percentage). Heterosis was rare in crosses between sequential branching exotics and NC Ac 18000, itself a sequentially branched genotype, but frequent between NC Ac 18000 and exotics with a different branching pattern. Although there was heterosis over mid parent value for pod and seed yield, values for these were not greater than that of the adapted parent. Heterosis greater than that of the best parent was expressed for pod size and pod length in intrasubspecific crosses. Heterosis in pod and seed yield was primarily due to dominance, but epistasis was more important in heterosis for pod and seed number and meat content. 


The frequency of heterotic crosses depends more on the cultivars used in the study than on the subspecific groups. Arunachalam et al. (1984) analysed two diallels that included spanish bunch (SB) and valencia (VL) of ssp. fastigiata and Virginia bunch (VB) and Virginia runner (VR) of ssp. hypogaea. The frequency of heterotic crosses, excluding results where the total number of crosses was less than 10, ranged from 17 per cent of VL x VR to 90 per cent for SB x VB. Both lowest and highest figures were for fastigiata x hypogaea crosses. These figures were comparable to the range of heterosis of 33 per cent for VL x VL to 83 per cent for VR x VR. Forty per cent of SB x SB crosses were heterotic, while 35 or 70 per cent of VB x VB crosses were heterotic in the two diallels. Although inter-subspecific or intervarietal crosses can give a high degree of heterosis, this can also be achieved from crosses between cultivars within botanical varieties. 


Reddy and Reddy (1987) estimated heterosis in intra-subspecific crosses of groundnut. The Spanish type varieties J 11 and TMV 2 and Valencia varieties, Acholi white, EC 21083A and Gangapuri were crossed in a half diallel fashion and scored for five characters. Heterosis was positive for pod yield / plant in all crosses except Acholi white x EC 21083A; it was greatest in Acholiwhite x J 11, J11 x Gangapuri and J 11 x EC 21083A. For sound mature kernel weight / plant, J 11 x TMV 2 showed a high mean performance and a high percentage of heterosis. 


Heterosis cannot be exploited for commercial production of hybrids in groundnut because of the natural restrictions found in the form of floral structure, inadequate pollen supply and the difficulties in artificial pollination. 

SUNFLOWER 


Sunflower with an area of  21.2  m.ha and  24.9  mt of annual production, is the third important major edible oilseed crop in the world after soybean and groundnut. The significant developments that took  place in varietal front and remarkable ability of the crop to adjust and grow successfully in different agro climates expanded sunflower production to all the continents.   

Distinct merits of sunflower :

1. Wider adaptability to wide ranging agro – climatic situations.

2. High yield potential of the hybrids

3. Suitability for cultivation in all seasons due to its day neutral nature.

4. Being a short duration crop, it can fit into various inter and sequence cropping systems.

5. Remunerative market price due to high quality oil.

6. Low seed rate (6-7 kg/ha) and high seed multiplication ratio (1 : 80).

Advantages of sunflower hybrids :


Hybrid sunflower offers following distinct advantages over open pollinated varieties.

1. Hybrids have more production stability and are suited for input intensive agriculture.

2. They are superior in their seed filling ability and are suited for input intensive agriculture.

3. The crop stand is uniform and facilitates easy harvesting. The harvested produce is also uniform.

4. They are more tolerant to disease and pests. 

Hence, hybrid development through the exploitation of heterosis gains importance.

Heterosis in Sunflower 

           Important landmark in the development of  commercial sunflower hybrids was the discovery of cytoplasmic male-sterility by Leclercq (1969) in the progeny of a cross between Helianthus petiolaris Nutt. and cultivated sunflower (cv. Armavirskii 9345). This system was stable as evidenced by sterility obtained in the progeny of male-sterile plants crossed with fertile cultivated sunflower plants. Genes for fertility restoration were found on the wild species by Kinman (1970). Subsequently, Leclercq (1971), Enns et al  (1970) and Vranceanu and Stonescu (1971) also reported fertility restoring genes. First commercial hybrids based on cytoplasmic male-sterility were made available in 1972 in the USA. Subsequently, the cultivation of sunflower hybrids spread to all parts of the world.


Intervarietal crosses effected by Gorbachenko (1980) manifested better parent heterosis for seed and oil yield to an extent of 22.4 per cent. Ge(1981) observed mid-parent heterosis to an extent of 75.9, 47, 15.9 and 24.4 per cent for seed yield, number of achenes per head, head diameter and stem diameter  respectively. Chaudhary and Anand (1984) studied 100 F1 hybrids and recorded 62.23, 64.65, 23.17 and 18.47 per cent heterosis for seed yield, head diameter, oil content and number of leaves respectively. 


Seetharam (1984) reported that the hybrid BSH-1, derived from the cross CMS 234A x RHA 274 out yielded the standard parent EC 68415 by 50 and 40 per cent under rainfed and irrigated conditions respectively. Reddy et al. (1985) synthesized 49 hybrids by crossing seven CMS lines and seven restorer lines and evaluated them for heterobeltiosis for seed yield and oil content. Forty six hybrids manifested heterosis for achene yield while ten hybrids manifested heterosis for oil content. Giriraj et al. (1986) in their study with ten F1 hybrids derived from five CMS lines and two restorers, observed an average heterosis of –7.7 per cent for days to flowering and 192.4 per cent for achene yield per plants. However, low levels of heterosis were reported for oil content and number of leaves. 


Naik et al. (1988) studied eleven yield contributing characters in 36 F1 hybrids and recorded appreciable levels of heterosis for almost all characters. The highest heterosis was for 100-seed weight (52.34 %) followed by seed yield per plant (34.57 %). Chidambaram and Sundaresan (1990) in their study observed significant heterosis in the desired direction for days to flowering and maturity in most of the cross combinations involving the parent EC 69874. Positive heterosis was observed for plant height, head diameter and seed yield. Madrap and Makne (1993) in their study on heterosis in crosses between four CMS lines and 20 genetically diverse restorers, observed high magnitude of heterosis in crosses, CMS 234 x RHA 273 for filled seeds, CMS 338 x CO 7-11 for oil content and CMS 338 x KSP –1 for seed yield.  Ahire et al. (1994) studied 36 crosses generated from a half diallel mating design for heterosis and reported highest magnitude of heterosis for seed yield per plant and number of filled seeds per head. 


A line x tester analysis undertaken to estimate heterosis for eight quantitative characters in 18 hybrids by  Kandhola et al. (1995) indicated standard heterosis for plant height only. However, the hybrid IB4 x Morden manifested highest magnitudes of heterobeltiosis for days to 50 per cent flowering, days to maturity, seed yield and oil yield. The hybrid IB14 x EC 68415C exhibited highest heterobeltiosis for oil content and the hybrid  IB2 x Morden produced highest heterobeltiosis for 100-seed weight. 


Bhattacharjee (1996) studied 45 F1 hybrids derived from eighteen inbreds in a line x tester analysis and reported considerable level of average heterosis for all the traits. Highest magnitude of average heterosis was observed for seed yield followed by head diameter, test weight, leaf area, plant height and oil content. A relatively low magnitude of heterosis was observed for volume weight., while, it was towards negative direction for days to flowering. 


Thirty six hybrids synthesized in a line x tester design involving three CMS and 12 restorer lines were evaluated by Gangappa et al. (1997) to estimate the magnitude and direction of  heterosis over better parent and standard check. The study revealed that, majority of the hybrids involving CMS 207 and CMS 851 as the female parents manifested highest heterotic effects for plant height, stem diameter, head diameter, 100 seed weight, seed filling, oil content and seed yield. Further, they also observed that none of the hybrids manifested significant heterosis in the desirable direction for days to 50 per cent flowering. 


Lande et al. (1998) studied heterosis in twenty crosses involving 4 female lines and 5 male lines in a line x tester design in sunflower. The cross 336A x MRHA 2 exhibited highest heterosis and heterobeltiosis for seed yield per plant and yield contributing characters like oil content, 100-seed weight and percentage of filled seeds. 


Parameswari (1999) reported that the hybrid CMS290 A x RHA 298 for oil content and SUF 11A x RHA 296 for seed yield per plant recorded highest significant positive standard heterosis. 

           In a line x tester analysis involving 4 male sterile lines and ten restorer, Siddiqui and Baig (2000) reported that the line CMS 338 A gave consistently high seed yield followed by CMS 234A. The hybrids CMS 207A x RHA 273 and CMS 234A x rha 273 and CMS 234A x RHA 273 had substantially high heterosis over standard check LDMRSH 3. 


Mohan Rao (2001) reported that among the superior hybrids the magnitude of standard heterosis  in the desired direction was high for seed and oil yield i.e., 74.9 and 66.3 per cent, respectively.  While it was low for oil content (5.9 %), day to maturity      (-7.0 %) where as, it was moderate for traits such as head diameter and test weight     (23.0 %) and plant height (27.0 %). Most of the hybrids which involved CMS 336 as the female parent exhibited significant standard heterosis for seed yield and oil yield. 
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