EXPLOITATION OF HETEROSIS IN CASTOR

Abstract : The literature available on heterosis in castor is reviewed. The sexual polymorphism in castor is detailed with emphasis on hybrid breeding. The castor hybrids developed in India are outlined together with the techniques involved in seed production.
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Castor ( Ricinus communis  L.) is the most important non-edible oil seed crop grown in India in 9.5 lakh hectares. India produces 6.75 lakh tonnes of castor, the productivity being 710 kg/ha . The rainfed areas in castor are predominant in Andra pradesh , Karnataka, Orissa and Tamilnadu  while the irrigated areas are predominant in Gujarat and southern Rajastan. It is well known  that a quantum jump in castor production can be achieved through the exploitation of hybrid vigour.  A knowledge on hybrid vigour recorded for yield and its attributes and sexual polymorphism in castor will help to harness hybrid vigour in this crop 
Studies on heterosis

In castor, the availability of pistillate mechanism (Classen and Hoffman, 1950) is advantageous in the exploitation of heterosis which resulted in phenominal increase in seed yield. The literature available on the studies on  heterosis are reviewed hereunder.

White, as early as 1918(a), suggested the possibility of increasing the yield in castor by growing F1 on a commercial basis. Zimmerman and Van Horm (1953) were of the opinion that hybrids obtained by crossing high yielding inbred lines performed better than either parents.

Anubhavanarayanan (1958) and Stein (1958) reported hybrid vigour for raceme number, capsule number and seed weight.  Heterotic effects in earliness to flowing, nodes on main stem upto primary raceme, duration, yield and seed size were reported by Sathyabalan (1961) and White (1918b).



Ankineedu and Kulkarni 1965) compared eight hybrids and reported that three hybrids gave significantly higher yield than the average of their respective parents. Moreover, one hybrid gave yield which was significantly higher than the better parent. Khan and Rehman (1965) recorded marked increase  in seed yield and oil content in hybrids over the better parents.   They were of the opinion that high yielding parents generally produced higher yielding hybrids than the hybrids obtained from low yielding parents.     

Sathyabalan et al. (1965) observed hybrid vigour for capsule number and yield per plant in all the six hybrids studied and for number of racemes in two hybrids. Varisai Muhammed et al.(1965) observed increased yield of beans in the hybrids. Similar  results were also reported by Hooks (1968).

Ankineedu and Kulkarni (1967) reported marked heterosis in plant height, number of  nodes, length of main spike, yield per plant and oil content. Gopani et al. (1968) crossed Indian and American lines and found that, of the eight hybrids, one gave the highest yield and possessed the best combination of desirable agronomic characters. Kambal (1968) reported that the hybrids obtained in the cross involving Sudan variety and an American variety were shorter in stature and matured earlier than parents.

Gopani et al. (1970) 0n crossing Indian and American lines with indigenous and exotic monoecious lines, reported heterosis for oil content. Varisai Mohammed et al. (1969) recorded an yield incerase ranging from 54 to 62% over better parents. In the studies of Varisai Mohammed et al. (1970) hybrid vigour was evident for number of racemes and number of capsules per plant.

In a comparative study made by Kabaria and Gopani (1971) on the performance of parents, F1 and F2 generations, heterosis was observed for capsule number on the main spike, percentage of pistillate flower and yield in F1 only . In the F2 such a trend was not noted.

Heterosis for number of days to flowering, number of racemes per plant, volume and weight of seeds was recorded by Hooks et al. (1971).Gopani et al. (1972) evaluated five hybrids over six locations and noticed that one hybrid was the highest yielder. Giriraj et al. (1973) observed heterosis for seed yield alone in  three crosses studied.

Yadava and Harisingh (1973)found that crosses between genetically diverse S3 lines exhibited high degree of heterosis (20-34 per cent) in relation to the mid parent and the better parent. In a study involving lines producing higher percentage of female flowers, Voskobonik and Moshkin (1977) observed heterosis over the standard variety for seed yield and oil content. Rao (1980) reported superior performance of the hybrids for plant height, length of female portion and 100 seed weight.

Heterosis for length of main spike and yield was noticed by Kaul and Prasad(1983) in several crosses. The expression of heterosis for oil content was studied by Pathak et al. (1986) and found that significant heterotic effect for this trait over the mid parent and better parent. Bhatt and Reddy (1987) encountered significant heterobeltiosis for plant height, yield per main raceme and yield per plant. Dangaria et al. (1987) observed crosses to exhibit heterosis from 13 to 88 per cent over the mid parent for yield and 38 to 59 per cent for the length of the spike.

In a study made by Pathak et al.(1988) seed yield exhibited the highest heterosis followed by number of capsules on main spike and 100 seed weight among a series of crosses studied.The performance of the F1 hybrids involving ten inbreds of castor was studied by Metha et al.(1991) and reported that the relative heterosis and heterobeltosis for seed yield per plant ranged from  -50 to 104 and  -60 to66 per cent respectively.

Heterosis study was taken up by Venkatakrishnan (1992) with 110 hybrids involving 22 lines and five testers in two environments. He reported that the heterotic expression of  the hybrids was found to be directly related to the higher per se performance. Six hybrids expressed high order of significant and positive standard heterosis for yield and yield attributing characters. He also found that in majority of the hybrids, the parent Aruna was found to be one of the components and the lines involved in the hybrids with high heterotic expression, were found to be either moderately divergent or closely related. The expression of  heterosis varied between the environments for the characters, particularly for days to 50 per cent flowering and percentage of pistillate region. He observed the heterosis, heterobeltiosis and standard heterosis from 65 to 175 per cent, 78 to 145 per cent and 131 to 238 per cent respectively for seed yield per plant.

Sexual polymorphism in castor   


Castor is allogamous and a brief description of sex expression as influenced by the environment provides better understanding of the breeding system with reference to exploitation of hybrid vigour. Normally castor is monoecious with staminate flowers on the lower part and pistillate flowers on the upper part of the raceme. The proportion of pistillate and staminate flowers among the raceme vary a great deal both within and among genotypes, It is also influenced by the environment, age of the plant and nutrition. Female tendency is highest in winter while male tendency predominates in summer and rainy season. Also the female tendency in young plants with high level of nutrition is stronger than in old plants with low level of nutrition ( Zimmerman and Smith,1966).

Shifriss (1960) identified two groups of genes for sex expression. The first group consists of qualitative  genes which determine kinds of flowers in the inflorescence. The second group consists of polygenes, which are responsible for gradient differentiation and for racial differences in sex tendency. In addition to these two major groups, there exists gene modifires which change the pattern of sex differentiation.

In addition to monoecism, a sub-form of dioecism exits in castor which in fact has led to the identification of three different pistillate mechanisms: N,S and NES. The conventional N-type pistillate mechanism, as identified Katayama (1948) and Classen and Hoffman ( 1950) is governed by  a recessive sex switching gene (a). The aa is female and Aa is normal monoecious. The sex mechanism can be maintained by sib-mating. The progeny from seed produced on pistillate plants segregates in 1:1 ratio for pistillate and monoecious plants.

The non-conventional or S-type pistillate mechanism is essentially derived from sex-reversals which start out as female and then revert to normal monoecists any time after the first raceme.    

The NES system is homozygous for N-pistillate gene and also contains environmentally sensitive gene (s) for interspersed staminate flowers (Zimmerman and Smith, 1966).

Initially the development of N-type pistillate lines led to the commercial exploitation of hybrid vigour. However, in the production of F1 hybrid seed, the producer has to rogue out normal monoecious plants before anthesis. This is difficult to do for three main reasons viz., uneven emergence, variation in the time of flowering and higher percentage of monoecious plants than expected 50 per cent. Subsequent development of S and NES type pistillate lines reduced the cost of hybrid seed production.

It is the S-pistillate mechanism that formed the basis of hybrid castor in India. The crosses between sex reversals and monoecious plants led to rapid regeneration to monoecious in subsequent generations. Hence the successful utilization of sex reversals depends on the selection of late and non-revertants and their maintenance and multiplication through manipulation of environmentally sensitive interspersed staminate flower character.

Exploitation of heterosis

Ten different pistillate  lines are now being used in hybrid seed production in India. They are as follows : 

	   Line
	Morphology
	Developed at

	   VP 1

   LRES 17

   NES 6

   NES 15

   NES 19

   SKP 24

   SKP 52

   SKP 93

   240

   JP 65
	   G3Sp

   G3Sp

   R2Nsp

   G0Nsp

   G2Sp

   R3Nsp

   R3Nsp

   R2Sp

   R2Nsp

   R0Sp


	 Gujarat

 DOR,Hyderabad

 DOR,Hyderabad

 DOR,Hyderabad

 DOR,Hyderabad

 Sardar Krishi Nagar

 Sardar Krishi Nagar

 Sardar Krishi Nagar

 DOR,Hyderabad

 Junagadh


Note: R- Red stem; G-Green stem; 0-No bloom; 2- Double bloom;3-Trible bloom

          Sp- Spiny capsule; Nsp-Non spiny capsule.

The environment plays a major role in promoting sexuality in castor as detailed below :

	Environment
	Femaleness
	Maleness

	Temperature

Age of plant

Nutrition

Day length


	Low ( 25-300 c)

Younger

High (100kg N/ha)

Short ( 8-9 hrs)
	High ( 37-410 c)

Older

Low (40kg N/ha.)

Long ( 12 hrs and more)


The following commercial hybrids have been bred in India and released for general cultivation using S and NES type of femaleness. 

	Hybrid
	Parentage
	Yield (kg/ha)
	Released in

	GAUCH 1

GCH 2

GCH 4

TMVCH 1
	VP1X VI 19

VP1 X JI 35

VP1X 48-1 

LRES 17 X TMV 5
	     1000

     1040

     1220

     1305


	    1973

    1985

    1986

    1998


Two promising commercial hybrids : GCH 4 and TMVCH 1 are the promising commercial hybrids in India. While GCH 4 released in 1986 is popular throughout the castor growing areas of India , TMVCH 1 released in 1998 is becoming very popular among the castor growers in Tamilnadu.

GCH 4: The hybrid yields 10 to 58% and 34 to100% over the standard variety under rainfed and irrigated conditions respectively.The hybrid showed field tolerance to Fusarium  wilt but when retained for nearly 9 months under field conditions upto March ( i.e., July to March season) every year and especially when cultivated with GAUCH 1, there was very high inoculum and break down of resistance  in GCH 4. VP 1, the female parent of GCH 4 was highly susceptible wilt. Then VP 1 was reconstituted through mutation breeding and conventional methods so that it became highly resistant to wilt.

TMVCH 1: This hybrid has recorded a mean yield of 1305 kg/ha. It takes 160 to 170 days to mature. In the castor growing districts of Tamilnadu viz., Salem, Namakkal, Dharmapuri and Erode the hybrid has yielded more than 200% of the local varieties. 

Hybrid seed production of TMVCH 1: The seed production plot is sown during Sep – Oct so that the female parent produces maximum percentage of pistillate plants. The female and male parents are sown in 3:1 ratio and  the spacing adopted is 60x30 cm.The male parent is planted 5 to 7days before the female parent to allow synchronization in flowering.  For production of maximum number of fruiting branches a fertilizer dose of 80:40:30 kg NPK/ha is applied. Fifty per cent of N is applied basally and the remaining 50% in two splits doses on 35 and 75 DAS. Rouging is carried out on 30 – 35, 50-60 and 80-90 DAS to remove sex deviants. This will help in producing genetically pure hybrid seeds.

Seed production of  female parent:  Sowing is done during Feb-Mar so that flowering coincides during hot summer period , which favours  the production of interspersed male flowers.  The recommended spacing is 90x30 cm and the fertilizer dose is 40:40:35 kg NPK/ha. It is essential that off-types are removed periodically.    
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