EXPLOITATION OF HYBRID VIGOUR IN PIGEONPEA

(Cajanus cajan (L.) Mill sp.)

ABSTRACT


Male sterility and natural outcrossing are the two important aspects to be considered before starting
a hybrid breeding programme in any crop.  These two phenomena are expressed in varying levels in 
redgram.  Three kinds genetic of male sterile systems have been reported in redgram.  Recently cytoplasmic genic male sterile (CMS) system  based  on  placing redgram genome in alien cytoplasm has been reported, through wide hybridisation utilising Cajanus scarabaeoides from  S.K.Nagar,  Gujarat and CMS  lines  from  the  progenies  of 2693 to 2696  and 2698 from ICRISAT are studied in detail and found  to  be stable  for  male  sterility  and they are maintained by crossing with appropriate B lines. Hybrids of redgram were found to possess stress tolerance compared to varieties especially for drought and wilt disease.  ICP 8710, SKNP 9813, 141-1—1 and CO 5 were identified as restorers for the CMS Lines 288A.  The short comings of utilising genetic male sterility in redgram  hybrid seed production and the benefits  of  utilising  CMS  source  instead  of genetic male sterility is also discussed in detail in this paper.

           Redgram occupying an area of 3.6 million hectares in the country with a production of 2.4 million tons per annum is the second important pulse crop and accounts for 80 per cent of global production.  It is an important source of protein for people in India, parts of Africa and Caribbean.  Redgram is grown under wide range of cropping systems in tropical and subtropical countries and finds an important place with small and marginal farmers.  Research on genetic improvement of redgram started in the early part of the previous century in the country making selections for disease resistance from land races.  Earlier improvement in redgram at the Agricultural College and Research Institute, Coimbatore was based on pure line selections and varieties like SA 1, CO 1, CO 2, CO 4 and BSR 1 were released for 


general cultivation.  Later by mutation breeding three improved varieties viz., CO 3, CO 5 and CO 6 were released, cultivars like Vamban 1 and Vamban 2 were also developed through hybridisation and by selection in the subsequent generations.   The average yield of all these varieties lie between 800 to 850 Kg per hectare.  Since the productivity remained unchanged over decades, it indicated that breeding for increased yield potential has not been met with success and in order to break the yield plateau new approaches like heterosis breeding and distant hybridisation become necessary.  Moreover the substantial level of non-additive genetic variation present in this crop has not been exploited profitably for genetic improvement of yield through pedigree selection (Saxena and Sharma, 1990).  Considering the ever increasing demand for redgram in the country, it is essential to make concerted efforts to increase productivity by breeding for hybrids, which is one of the most important potential avenues to make a break through.  In any crop stable male sterility is an important feature which forms the base for easy hybrid seed production, if available in nature, breeder is blessed with the first stepping stone for breeding hybrids.  The discovery of stable genetic male sterility in redgram (Reddy et al., 1978) coupled with its outcrossing nature (Howard et al., 1919) has opened the possibility of exploiting hybrid vigour, by breeders, in this crop.

MALE STERILITY

       Male sterility is the inability of a plant to produce functional male gamete as a result of defective or malfunctional gametogenesis.  This phenomenon is widely used in hybrid seed industry, since a male sterile source serves as the maternal parent.  The pollen is provided mainly through natural outcrossing by an appropriate male parent to get the desired hybrid seed.

       Genetic, cytoplasmic and cytoplasmic genetic are the three kinds male sterility and the last one has been extensively used in several crops to help large scale hybrid seed production to exploit hybrid vigour.  But in redgram until to-day only genic male sterility is utilised for hybrid seed production.  Six hybrids with about 25 to 35 per cent superiority over inbred varieties have been released for commercial cultivation in India utilising genetic male sterility.  ICPH 8 a hybrid from ICRISAT is a cross between ms Prabhat (DT) and ICPL 161 is rleeased  in the year 1991.  PPH 4 (ms Prabhat (DT) x ICPL 81 (AL 688) and COPH 1 (ms T 21 x ICPL 87109) were released in the year 1994 respectively by PAU, Ludhiana and TNAU, Coimbatore.   COPH 2 hybrid was released in the year 1997 having the parentage of ms CO 5 & ICPL 83027.  Two more hybrids AKPH 4101 and AKPH 4104 were released for commercial cultivation by Punjabrao Krishi  Vidya Peeth (PKV) Akola, Maharastra.

GENETIC MALE STERILITY

 The genetic male sterility in redgram is controlled by monogenic recessive gene and has to be maintained in heterozygous form following the principle of test cross.  Three male sterile systems  have  been  reported,  one has  the (ms 1)  translucent  white   anthers  caused  by  non-separation of tetrads associated with a persistent tapetum and intercellular walls of the two adjacent microsporangia (Reddy, et al., 1978) while the other has (ms 2) dark brown arrow head shaped shrivelled nondehiscent anthers (Wallis, et al., 1981).  In this ms 2 male sterile source, the sterility was found to be due to degeneration of the tapetum by vacuolation that occurs during the first division of meiosis (Dundas et al., 1981).  These two gene pairs (ms 1 ms 1)  and (ms 2 ms 2) are non allelic (Saxena, et al., 1983).  A third male sterile source in photoperiod insensitive genetic background was reported by Dundas et al., (1982).  They also reported in this male sterile source, degeneration of microsporogenesis takes place at early prophase stage.  Saxena et. al., (1981) reported the presence of a partial male sterile system in redgram caused by partial collapse of fully developed tetrads.  In this type, the amount of pollen grains produced with in each flower was very small.

         In Tamil Nadu Agricultural University, a spontaneous male sterile mutant was isolated for the redgram variety CO 5 (Rathinaswamy, et al., 1997) and this genetic male sterile line belongs to ms 1 system i.e. white translucent sterile anthers.  The utilisation of genetic male sterility requires roguing 50 per cent of the male fertile plants from the female rows in hybrid seed production blocks at flowering and the identification and collection of seeds from the male sterile plants in the maintenance block.

NATURAL OUTCROSSING IN REDGRAM

        Self fertilisation is not the rule in redgram and there is a considerable degree of natural out crossing occurs (Table 1) .

Table: 1 Natural outcrossing (percent) in redgram recorded at various locations in India

	Place
	Mean
	Range

	Niphad
	16.0
	11.6-20.8

	S.K.Nagar
	25.0
	3.0-48.0

	Pusa
	-
	1.6-12.0

	Ranchi
	-
	3.8-26.7

	West Bengal
	30.0
	-

	Coimbatore
	13.7
	10-70.0

	Varanasi
	-
	10.3 to 41.4

	Hyderabad
	27.9
	0.9-42.1

	Badnapur
	-
	0.0-8.0


Even though the natural cross pollination creates serious problem in maintaining the genetic purity of any genetic accession as well the purity of released cultivars, it is really helping a lot in the production of hybrids.  There are 24 insect species that are helpful in cross fertilisation in redgram (Onim, 1981) and the degree of natural outcrossing at any particular location depends on the presence and activity of these pollinating vectores (Saxena, et al., 1990).  Natural outcrossing by insects like Magachile spp and Apis mellifera (main pollinating vectors) and 22 other less important species as reported by Williams, 1977 and Onim, 1981 enables the economic production of hybrid seed.  Depending upon the amount of pollinating vectors available in a particular location, full seed set can be obtained, if one row of fertile pollinator parent is sown for every six male sterile rows (Saxena et al., 1986) or for every four male sterile rows (Muthiah et al., 1998) when the population of pollinating insects is less.  Muthiah and Surendran (2000) indicated to ensure adequate pollen supply, keeping bee hives at the rate of atleast two bee hives per acre and growing male parent in   the   border   rows   and    growing sunflower all around the hybrid seed production field will enhance the population of pollinating vectors which in turn will result in good hybrid seed set.

CYTOPLASMIC GENIC MALE STERILITY (CMS)

       Considerable efforts were made by scientists to develop CMS lines in redgram through mutagenesis and wide hybridisation.  High levels of maternal inheritance for male sterility within the derived lines have been recovered.  In the selected progenies of the sodium azide (0.025%) treated QMS. 1,  87 per cent male sterile plants were recoverd at ICRISAT (Saxena, et al., 2000).  A preliminary electrophoretic assay of esterase indicated  that sterile lines developed through mutation were different from the ms 2 male sterile parent.

In order to develop CMS through wide hybridisation, attempts have been made to place redgram genome in alien cytoplasm.  The research so far conducted in this direction indicated the differences in the occurrence of male sterility between species and among accessions within species.  For example the use of Cajanus sericeus, C scarabaeoides and C.acutifolius  as the female parent gave rise to higher frequency of sterile progenies than C.albicans. Similarly  there are differences among the accessions within these three promising species (Saxena et al., 2000).  Now through wide hybridisation, it is possible to develop cytoplasmic genic male sterile line in redgram.  In S.K.Nagar (Gujarat), CMS 288A (GT 288A) was developed using Cajanus scarabaeoides as a source  of wild cytoplasm.  The advanced lines available at ICRISAT like progeny 2693, 2694, 2695, 2696 and 2698 have shown high level of cytoplasmic genic male sterility utilising alien cytoplasmic source.  Such  lines are maintained by crossing with appropriate B lines.  Experiments are also being conducted to identify restorers for CMS lines.  Preliminary experiments at S.K.Nagar showed that ICP 8710, SKNP 9813 and 141-1-1 are restorers to CMS 288A.  (Tikka and Chauhan, 1999).  Similarly experiments at Coimbatore showed that CO 5 is the restorer for CMS 288A.

HYBRIDS FOR HIGHER STRESS TOLERANCE

       As redgram is mostly grown under rainfed conditions, it is subjected to drought stress.  Hence drought resistance is an important requirement for achieving higher yields.  ICPL 87 and UPAS 120 are the two popular short duration redgram varieties which when compared with the hybrid ICPH 8, it is concluted found that ICPH 8 was able to give better yields both under excessive and deficit moisture regimes than the two popular varieties.  Hybrid have also been shown to have a more vigorous root system and this may account for their superior performance (Saxena, et al., 1992).  Under severe disease situation, wilt resistant hybrids have shown greater yield advantage over resistant varieties (Saxena et al., 2000).

          Despite their small seeds and photoperiod insensitivity, the hybrids produce higher seedling vigour than their parents.  The early growth vigour of hybrids is responsible for high productivity, as they establish quickly and utilise light and water more efficiently.  Short duration hybrids have also shown good plasticity at plant densities ranging from 16 to 66 plants per sq. m  without adversely affecting the seed yield (Saxena et al., 1992).

       Inspite of high yield potential of the  hybrids, they could not find high adoption, due to the genetic nature of the male sterility which poses practical difficulties in large scale hybrid seed production. To simplify seed production technology, cyto-plasmic male sterility in redgram is now utilised in the preliminary experiments and a significant progress has been made in developing cytoplasmic male sterile lines and concerted efforts need to be continued in identifying heterotic cross combinations in diverse genetic backgrounds and it is also necessary to develop efficient hybrid seed production technology to the achieve the ultimate goal of increasing the productivity of redgram.  

       Hence the days are not far off to develop a high yielding hybrid redgram based on CMS.  Once this is achived, hybrid redgram will be as much commercialised as that of maize, pearl millet, sorghum etc.
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