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Opportunities of Clonal Forestry

• Higher productivities (Genetic Gain)

• Reduce time to commercial production.

• Product uniformity (Cost reduction in processing)
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Clonal Forestry in Brazil

• Around 4.5 million ha planted

• Rotation age: 5 to 7 years

• Productivity: 30 to 60 m3/ha/year

• 30-50 public clones mainly with 20 clones for 
40% plantation

• Genetic gain was about 100% in contrast with 
planting materiel used in 80s, 20-30% more than family

From 2015 visit and Grattapaglia and Kirst 2008 New Phytologist 



Productive increase of clonal deployment

In Conifer (Wu 2018)

• Theoretical - more genetic gain of 5-20% relative to 
family forestry

• Experimental – more genetic gain10-25% relative to 
family forestry

In Norway spruce

• Theoretical - 20-30%

• Trial data - Best 10% clones after field tests, estimated 
genetic gain varied between 15-25% in Sweden 
(Karlsson 1993) and 13-19% in Finland (Lepistö 1993). 

•



Productive increase of Norway spruce in Sweden

1. Best ten clones (from 1430)
2. Single best clone in each of the best ten family (from 32) 
3. Best 20 clones 
4. Single best clone in each of the best 20 families.

50% better 
than full-sib 
family

Chen et al 2019 AFS



Risks of clonal forestry in conifer

• Risks Versus Genetic Gain

• Plantation failure from abiotic and biotic factors
• Loss of genetic diversity
• Environmental concerns
• Social concerns



•Mitigation strategy

•Clone number
•Deployment strategy

Plantation failure and mitigation strategy



What Is the safe number of clones per plantation?

• Number of clones estimated according to theories

• The gene action and risk of plantation failure

• Genetic sampling theory, loss of adaptive genetic 
diversity

• Modelling and computer simulations of pest attack and 
genetic diversity



What Is the best clone deployment method in a plantation?

• Stand level deployment 
• Using multiple genes for resistances to insect by Simulation

Yanchuk et al. 2006. Silvae Genetica
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•Random Mix (RM) 
•Single Clonal Blocks (SCB) 
•Mosaic of  Clonal Blocks (MCB)

1. Each tree starts with 2 
weevils 

2. 6 weevils / tree on 6 corner 
trees 

3. No weevils

1. One ha block

2. 5 ha block
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What Is the safe number of clones per plantation?

• Summary:  all three studies point to the same general conclusion 
- increasing the number of genotypes beyond 30 does little to 
reduce risk of loss.

 6 to 30 clones provides as much 'safety' as would be 
experienced in an infinitely large population (e.g., a 
wild stand). 

 Optimum level of diversity might exist around 18 
genotypes and a minimum could be somewhere 
around 6. 

Wu et al, 2018 SJFR 



What Is the optimal clone deployment strategy?

• Deployment of mixture of clones and seedlings (MOCAS) (Park 
2002). 

• 60% of the best clones and 40% of seed-orchard seed

• 40% seedling tree were culled by one-half rotation age

• Superior quality clones trees for final harvesting.

1. Stand level deployment 



What Is the optimal deployment strategy?

• Increasing conservation stands
• 5-15% forest set aside for 

conservation currently in Sweden
• Additional 15% forest can be set for 

conservation with clonal forestry (20-
30%) of conservation

• Deployment of varied mixture of 
clones in different regions

• Climate, ecological and Breeding 
zones delineated

2. Landscape level deployment 



Summary

• Larger genetic gain 

• Number of clone (optimal 18, Min 6) to mitigate plantation 
failure 

• Stand level deployment (MOCAS)

• Landscape level deployment (Increasing conservation area and 
sites, and define climate, ecological, breeding zone)



Thank You
Visiting Brazil Clonal Forestry
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