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Wheat is an important cereal crop in India which occupies second slot in the production next only to rice.     Wheat is accorded a premier  place among  cereals  because  of the vast acreage  devoted  to its  cultivation and its nutritive value. Among the cultivated  species of wheat in India  with respect to  area of cultivation and production, Triticum aestivum (bread wheat) occupies  first place followed by  T.durum  and T.dicoccum.   The crop improvement  supported by  strong  technologies  from the fields of  resource management and  crop  protection   enabled  the planners  to achieve the present  day  production level of 75 million tonnes.     

Crop Improvement

       The afore said yield achievement is attained through various crop improvement strategies viz. breeding for high yielding varieties, biotic and abiotic stresses.

Breeding for high yielding varieties: 

        Intra specific, inter specific and intergeneric crosses are made to look for a high yielding genotype which will have high tillering, high grain weight and quality.  

1. Exploitation of  translocation  stocks  

The beneficial  effects  observed  in  1B/1R  translocations  are utilized  to develop a large number of  translocation stocks world wide .

1BL-1RS  Origin : Criewener 104/ Petkus, Rosen (Rye) 

Desirable features: 10-15% yield increase, Lr26, Sr31, Yr9, Pm8 gene complex  to tackle the rusts and powdery mildew, Hessian  fly, Curl mite resistant, winter hardiness, wider adaptability.   
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Similarly the genes  Lr9(Aegilops umbellulata), Lr24, Sr24 (Agropyron elongatum), Lr19+Sr25(A.elongatum), Lr28(Ae. speltoides), Lr32 (Ae.squarrosa), Lr37+Sr38+Yr17(Ae.ventricosa), Sr36+Pm6 (Triticum timopheevii), Sr26(A.elongatum) and  Sr27 (Secale cereale) were successfully transferred into  bread wheat cultivars in the recent times to tackle the  biotic stresses.

Use of synthetic hexaploids
Plant Breeders are concentrating  on exploiting  accessions of the annual wild relative T.tauschii (goat grass) for the wide diversity and distribution of this species across Eurasia provide a unique opportunity for exploiting new genetic variability.  T.tauschii has a wide range of resistances or tolerances to biotic or abiotic  stresses such as Karnal bunt, scab, spot blotch, leaf rust, stripe rust, salinity, and drought.   The wild grass also appears to be a potent source of new variability  for important yield components such as 1000-grain weight and increased photosynthetic rate not to mention improved bread making quality.

In addition, T.tauschii (also called Aegilops squarrosa) is unequivocally accepted as being the  donor of the D genome to bread wheat and we consider crosses with T.tauschii to be  interspecific cross.

The hybridization process is quite simple when using any of several manipulative crossing procedures.  

The other method is to cross T.tauschii with bread wheat and this methodology rapidly produces improved BC1 derivatives with the six genomes(AABBDD), five of which (AABBD) resemble the elite wheat cultivar used in the cross. The cultivars developed through this method are Ciano T 79 and Bacanora T 88 for helminthosporim resistance, Seri M 82 and Opata M 85 for Scab resistance.

Methodology

Triticum turgidum  X   Triticum tauschii
(2n=4x=28,AABB)      (2n=2x=14,DD)


F1 hybrids

(21 chromosomes, ABD)


Doubling of the F1 hybrid

(Induced or spontaneous)


Synthetic hexaploid

(2n=6x=42;AABBDD)

                               (Screening and detecting resistance/tolerance)  x  T.aestivum cultivars

                                                                                                         (2n= 6x=42,AABBDD)


                                                               FI                               Selection of rest. ones inF2

Intergeneric Hybridisation

Intergeneric crosses within the Trticeae group and using the resulting hybrids for wheat improvement-particularly in the areas of abiotic stress tolerance  is being attempted .  The intergeneric hybridization  program includes accessions of Trticum turgidum, T.aestivum, Hordeum vulgare, Secale cereale cv.Prolific. and numerous perennials  in the group of  Agropyron.

        Double haploid technique is simply by crossing wheat with maize and in this process maize  genome will be eliminated resulting in the production of  polyhaploid  or aneuploid F1 hybrids.  This phenomenon has been observed in a number of hybrids resulting  from intergeneric crosses using species within the Triticeae as both parents and in crosses where one parent is outside of  the Triticeae.

Crossing  T.aestivum x T.dicoccum.

The T.dicoccum has got high protien  content and much advocated for the patients with the problem of diabetics and also dicoccum carries the genes for controlling Powdery Mildew, yellow rust and also for improved baking qualities.   However, the barrier in utilizing this is the most dicoccums carry necrotic genes and bridge crossing with non-necrotic gene carriers in aestivum wheat will help in successful transfer of dicoccum genes into bread wheat.

Incorporation of new sources of resistance genes for combating rusts, powdery mildew and other foliar diseases.

Alien Rust Resistance Genes Used in The Back-cross Programme  At Wellington:

Leaf rust resistance genes   : Lr9, Lr19, Lr24, Lr28, Lr32 and Lr37         

Stem rust resistance genes  :  Sr24, Sr25, Sr26, Sr27, Sr31, Sr36 and Sr38

Stripe rust resistance genes :  Yr9, Yr15 and Yr17

Powdery mildew res.genes   :  Pm6 and Pm8

Sources of alien genes

Agropyron elongatum          : Lr24, Lr19, Sr24, Sr25 and Sr26

Secale cereale                       : Lr26, Sr27, Sr31, Yr9 and Pm8

Aegilops umbellulata          : Lr9

Ae. speltoides                      : Lr28

Ae. squarrosa                       : Lr32

Ae. ventricosa                      : Lr37, Sr38 and Yr17
Triticum timopheevii           : Sr36 and Pm6

Popular Indian Bread Wheat Cultivars Taken for Introgression of Alien Genes in Back-Cross Programme

HD 2329, HD 2285, HD 2402, PBW 226, WH 542, HUW 234, UP 262, LOK-1, WH 147, C 306, SONALIKA, KALYANSONA, HS 240, J 24, HI 1077, HD 2687 AND MACS 2496.

Traits associated with the alien genes:

 We have published evidences for association of  both desirable and undesirable traits associated with the alien genes.

 ** Sr31+Lr26+Yr9+Pm8 is reported to be associated with the yield boosting genes and slow senescence and poor grain quality and high susceptible to powdery mildew in spring wheat background and red grain. However in recent times we find lot of varieties with white grain and better quality grains which carry this gene complex.

 ** Lr19 + Sr25 is associated with the yellow pigmentation in the endosperm and now we have a mutant line Sunstar developed by Knott. The translocation lines with this gene will have more tailoring and slow senescence of leaves and tolerance to blight. We have released two cultivars HW 2044 and HW 2045 with this gene complex.

 **  Lr9 is associated with the poor baking quality

 ** Lr24+ Sr24 and Sr26 is reported to be associated with the yield reduction and however by careful selection of genotype in segregating population one can over come this problem and one such var.HW 2004 was released in India by Wellington station for rainfed situation of Central India.

 ** Lr28 and Lr32 are associated with the fast rusting of stem rust  and to tackle the stem rust Sr31 could be used. This combination really gives added advantage in getting quantum yield gain.

Application of molecular markers aided selection in wheat improvement:

    In the recent times scientist worldwide are using the RFLP  marker aided selection. To fix and confirm the lines carrying particular gene and the genes Lr9, Lr19, Lr24 and  Lr28  have already been tagged. This will further help in pyramiding of genes and introgression of interactive genes.

Exploitation of slow rusting genotypes

In the recent times the slow rusting genotypes are gaining importance and the selected genotypes will not have yield loss due to the rust infection and the technique of AUDPC is considered to fix such lines.

Breeding for durable rust resistance

The genes so for we used were single dominant ones and inherent risk of new pathotype overcoming such genes looms large. In the recent past even in India Lr26, Sr24, Lr9 genes had been over come by the new pathotype and now these genes no longer offers resistance. The genes Lr13 and Lr26 though separately susceptible but together offers spectacular resistance and scientist believe that t such genes will offer durable resistance because the pathogen can’t mutate at two loci at the same time.

Spring x winter wheat hybridization

Dwarfing genes like Norin 10 and 1B/1R translocations were initiallyderived from spring x winter gnepool exchanges only.   Keeping the photoperiod limitation etc., in mind lot of work is going on at VPKAS, Almora to introgress winter genes into spring wheat background in view of exploiting the genes for yellow rust resistance  and high tillering.

Hybrid Wheat

     Not successful till date because of lack of fertility restoration, low magnitude of heterosis etc.  1995 onwards Directrate of Wheat Research and its collaborating centres are working on both CHA and  CMS systems.   They could identify some restores.   Heterosis in expt. hybrids is upto15% only.   They may come up with few hybrids those can commercially viable in near future particularly for the stress environment only.  As on today only one hybrid ‘Quantum’ is released for Europe in winter wheat.  However the lines developed through normal (pedigree) hybridization itself  retains the heterosis derived from their parents for reseasonable time because of  the higher ploidy level.    

Improving for protein quality:

The bulk yield gains may not be sufficient to tackle the malnutrition from the country and hence simultaneous improvement for protein and other grain quality taits are emphasized now. The difficulty in transferring the poly geneic controlled protein trait though well understood the much of the variation in the protein content is influenced by the soil and edaphic factors. However the promising genotypes with as much as 12-14% has already been developed but they are not having the bulk yield. The dicoccums are the promising source.
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