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Nutrition 
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Silviculture 

Microbial 

Genetics 

Regulatory 

Silviculture 

Potential growth 

and actual growth 

As discussed in the 

previous presentations, 

a range of factors 

combine to determine 

the productivity of a 

given tree 

 

It is becoming clear that 

not we are not pulling all 

the right levers 

 



Regulatory molecules: induce effects on plant 

growth and behaviour  that surpass what could 

be achieved if they were only acting as a source 

of nutrition 
 

• Plant hormones  

• Stimulants  
 

Act as a signal to the plant to do something – 

whatever that may be 



Nutrition 

Traditional 

Silviculture 

Microbial 

Genetics 

Regulatory 

Silviculture 

New Capabilities 

Substantial advances 

have been made with  

traditional silviculture, 

site nutrition and tree 

genetics 

 

The development of 

new analytical methods 

has allowed research 

into targeted nutritional, 

microbial and regulatory 

interventions 



Potential productivity gains from nutritional, 

microbial and non-traditional management 

interventions 

• Not flying blind – previous research is very encouraging, 

but we need to advance these results to management 

practice 

 

• Other industries are already benefiting from investment in 

these interventions 

• use of fertiliser in the dairy industry 

• microbial growth promotion in dry land cropping 

• hormone application in horticulture 



Use of ACC deaminase producing bacteria to maintain 

plant productivity under stressful conditions  



Tree growth 

This diagram 

illustrates the different 

components and 

associated levels of 

organisation within a 

tree 

 

Various opportunities 

exist to influence the 

regulation of these 

processes, enhancing 

productivity and value 



Acquisition of essential resources 

predominantly from the soil  

Molecular scale 

Nutrient supply 

Water supply 

 

 
Site management –

fertiliser application to 

foliage, increasing the 

content of soil organic 

matter, applying 

enriched waste water 
Increase resource uptake with 

targeted or alternative sources 



Direct foliar uptake of macro and micronutrients 



Ponds for effluent spraying in Whakarewarewa Forest  



Resource acquisition from soil 

catalysed by microbial activity 

Manipulate microbial communities 

to enhance nutrient uptake 

Molecular scale 

Nutrient supply 

Water supply 

 

 

 

Augment beneficial 

microbial activity – 

enhance resource 

availability and 

acquisition 



Increased growth due to nitrogen fixing bacteria 



Increased surface area for resource uptake with 

effective mycorrhization 

Seedling alone 

has small 

surface area 

for uptake 

Mycorrhizal 

fungi increases 

surface area 

dramatically 



Hormone expression regulates 

fibre production and organisation 

External application of hormones 

can overcome internal regulation 

Molecular scale 

Hormonal regulation 

of fibre assembly –

fundamental to cell 

development 

 

The application of 

synthetic plant 

hormones changes 

this process, altering 

the properties of the 

tree at a cellular level 



Variations in cambial development with hormone use 



Hormone expression regulates 

fibre production and organisation 

Microbes can influence allocation 

of materials and how cells develop 

Molecular scale 

Hormonal regulation 

of fibre assembly –

impact on cell 

development 
 

Various microbes 

produce hormones 

and other signalling 

molecules that alter 

plant behaviour – 

which can be used to 

increase productivity 



Plant growth promoting rhizobacteria (PGPR) can 

manipulate cell formation and differentiation  

Various PGPR 

produce these 

molecules, 

improving plant 

performance 

This effect is 

not limited to 

roots, as these  

molecules can 

be transported 

into the stem 



Key issues for molecular level interventions 

• Understanding of productivity responses to resource based 

interventions is still developing – classic case is the variation 

in growth responses to nitrogenous fertiliser application 

 

• The responses to hormones and other regulatory signals, 

either applied directly or via manipulation of soil microbes, 

are also not well defined – much is known about how to 

stimulate the productivity of seedlings and plant in controlled 

conditions, but much less at landscape scales 



Interventions at the molecular level – objectives 

• Capturing the benefits that these interventions can deliver is 

a core part of the GCFF work, and is addressed in the 

nursery, accelerator, mid-rotation and other trial series that 

are either in development or already underway 

Jan 2014: 

Methodology 

development 

Mid 2015: 

Accelerator  

pilot trial 

Aug 2014: 

Nitrogen 

response trial 

Late 2014: 

Boron 

response trial 

Oct 2014: 

Nursery 

response trial 

Late 2015: 

Mid-rotation 

trial 

Mid 2016: 

Accelerator  

trial series 

May 2014: 

Sustainability 

trial 

Jul 2014: 

Treatment 

selection 



Cellular scale 

Productivity is 

dependent upon the 

regulation of tissue 

development within in 

the tree 
 

 

Hormones and other 

signals carry out this 

process, determining 

the form and function 

of the cells 
Internal hormone expression is a 

response to various stimuli 

Differentiation and physical 

arrangement of the cells   



Physical arrangement at the 

cellular level 

• It is well known that exposure to 

hormones and other signalling 

molecules from external sources 

can radically alter cell 

arrangements in developing 

wood 

 

• Research has demonstrated this 

will readily result in degraded 

wood properties, but can also 

limit the extent of naturally 

occurring defects  



Physical arrangement at the 

cellular level 

• Can it be used to go beyond 

remediation to effective growth 

stimulation? 

 

• Carried out indirectly with 

genetic selection – internode 

length, small branching 

 

• Unknown at this stage if 

external application approach 

will be viable at the forest level 



Cellular scale 

Interactions that 

affect the quality and 

health of cells that 

have already formed 

 

 

Stress responses are 

a key element – can 

result in unnecessary 

losses of productivity 

and cell death 
Various interventions can limit 

stress or increase stress tolerance 

Stress from various sources can 

result in defects and death  



Stress management to 

maintain cell health 

• ACC deaminase expression by 

soil bacteria can attenuate plant 

stress responses – rather than 

on/off, the response to stress is 

proportional 

 

• Research under the FFR 

programme has proven that 

ACC deaminase activity in soil 

responds to management, but 

directed manipulation is yet to 

be attempted 



Cellular scale 

Interactions that 

affect the quality and 

health of cells that 

have already formed 

 

 

Pathogen activity 

affects mortality rates 

and can also cause 

defects in surviving 

trees 
Resistant clones can be identified, 

but there are other options 

Stress from various sources can 

result in defects and death  



 

 

• Potentially the most 

important future role for 

beneficial soil microbes 

is in disease resistance 

 

• Enables greater disease 

resistance for standing 

cohorts – and protection 

against currently 

unknown pathogens 

Stimulating plant immune 

system response 



Stimulating plant immune 

system response 

• External applications of abscisic 

acid, salicylic acid and jasmonic 

acid? 

 

• Modify microbial communities to 

enhance production of these 

molecules? 

 

• Direct application will be trialled 

initially until genetic markers for 

microbes are developed 



Key issues for cellular level interventions 

• Developing strategies to effectively use hormones to modify 

tree behaviour at this level is challenging, as excessive 

application will almost certainly produce negative effects 

 

• Utilisation of ACC deaminase activity is a more robust 

system in terms of adaptability, and there is little opportunity 

for negative outcomes – either a positive or a null effect 

 

• However, using ACC deaminase requires working through 

the microbial community – until transgenic radiata is 

developed... 



Interventions at the cellular level – objectives? 

• Developing and assessing these interventions is also a core 

part of the GCFF work, and is addressed in the same suite of 

trials as the molecular interventions 

Nov 2013: 

Methodology 

development 

Mid 2015: 

Accelerator  

pilot trial 

Aug 2014: 

Nitrogen 

response trial 

Late 2014: 

Boron 

response trial 

Oct 2014: 

Nursery 

response trial 

Late 2015: 

Mid-rotation 

trial 

Mid 2016: 

Accelerator  

trial series 

Jul 2014: 

Treatment 

selection 



Turning this plan into management practice 

• To close the gap between genetic potential and actual 

growth, we will need to work in partnership with the forestry 

industry to develop this research into cost effective practice 

 

• In terms of feasibility, all the processes described occur 

naturally – this is an attempt to see where we can exert 

some influence over this behaviour, and set up systems that 

make positive outcomes more likely than they are now  

 

• Not all of it will work, a selection of it will work but will not be 

cost-effective, and a selection of it will work AND be cost-

effective... but remember, just set of another tools. 



So what do we do when productivity starts 

increasing...? 

• If forest productivity ramps up significantly, what trajectory 

will it follow? How will this alter management? 
 

• Faster – reduced time to target volume, so rotation length is 

diminished 
 

• Extended productivity – enhanced growth and extended 

window of effective growth, so more volume from the same 

stocking over the same rotation length 
 

• Increased carrying capacity – site can support higher 

stocking, so greater number of trees growing to the same 

volume at current rates 



Hypothetical Comparison 
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