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India and low budget breeding

I was in India the first days of December 2005 and wrote down some reflections connecting to “low budget breeding”. My major Indian counterpart is Mohan Varghese and the major reason I got an interest for him was because he authored a book about seedling seed orchards. First as it was the only book on seed orchards in modern times and second since it focused on seedling seed orchards and not clonal seed orchards.
Mohan thinks grafted seed orchards have often worked well for conifers, in particular pines, but seldom for hardwoods.

Our work has to a high degree circled around teak. Teak has been planted for more than a century. When modern forest tree breeding started, many clonal seed orchards were established. However, they never functioned well, seed production was low and highly unequally distributed among clones (around 4 times “as unequal” as in Scots pine seed orchards). Therefore almost all teak seeds produced today originate from seed stands. A typical seed stand is 10 hectares and 25-40 years old. Around 500 hectare of seed stands are needed to cover the demand for India. A typical seed tree stand is harder thinned than a corresponding commercial forest. The land is typically burnt and cleaned annually before seed fall, and it is when possible to collect the seeds (fruits) from the ground. The collections do not harm production or economic return from the stands very much. The collection is often done in second generation teak plantations with unknown origin. 
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Picture 1. Seed collection area of teak in southern India. It is a commercial plantation of seedlings of unknown origin, looks good and accessible and rather intensively thinned. Photo: Runpeng Wei.
My thought is that it would be possible to use these seed tree stands for establishing low budget genetically improved seed collection areas for teak as follows (I guess this is close to how it often is done):
· Documenting the origin of stands used as seed tree stands

· Collecting special seeds for establishing of new seed tree stands

· Establishing around double as many seed tree stands as the foreseen need (I guess this means 50 hectare annually for whole India)
· Teak is planted with typically 2500 plants per hectare; say that 65% more seeds are needed. For a 15 hectare seed collection are that means 60000 seeds
· The lowest ambition level is unidentified plants, and as this is low budget lets go for that. It could be identified plants laid out in experimental design if the budget was expanded. A possibility is that 1 hectare has an experimental design and the rest not.
· A seed lot could be composed of approximately equal amount of seeds from each mother. Say 600 seeds from each of 100 mothers. 

· 600 may be too little for some mothers to result in 375 plantable seedlings so some variation may be introduced and the number of seedlings from the seed lot may be insufficient for 15 hectares, but if so the part of the plantation heading for seed collection may be reduced. A higher ambition is to plant the families separately and cull according to plant production results to get it even. 100 mothers depend on that sibling coefficient is reasonable small, if it is more than Ψ=3 it may be a good idea to expand the number of mothers (to avoid too many half-sibs).

· More sophisticated is linear deployment according to phenotype of mother (good mothers get higher representation).

· The mothers could be selected from two or three current seed collection areas (to counteract relatedness). The seed collections areas should be reasonable thinned before seed collection (for improving fathers). The selection intensity among mothers will be something like of 50/2000 (assuming a stocking of 200 stems/hectare).
Eucalypts seeds are mostly harvested in converted trials, thus a type of seedling seed orchards. There exists few clone seed orchards, some functions well but other poor. Even if they perhaps may function as well as seedling seed orchards, it is unlikely they will be much used, as clonal propagation will take over. The seed orchard clones are selected from half sib family trials. Clonal tests of families are more likely to offer clonal material for vegetative propagation.
There was a large effort made in cooperation Australia-China starting around 1989. This has lead to F1 tested clones selected from full-sib-families with parents selected from half-sib-tests. But the last decade the program has lost momentum and it is surprising that not more F2 families has been produced and tested.
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Picture 2. A five year old clonal trial of Eucalyptus camaldulensis situated in southern India, which has been converted to a seed orchard by linear deployment thinning using the clonal averages observed in the trial site itself as genetic entries (Prescher et al 2004). Photo: Dag Lindgren.
Even if clonal seed orchards work well for pines, the seed production of Scots pine does not seem superior to what can be obtained from seedlings (Prescher et al 2006; and personal communication Ola Rosvall that the seedlings in the Sävar experimental seed orchards produce more seeds than the grafts). Thus seedling seed orchards might be should looked more for even in the commercial conifers.
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