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Summary

Fungal  diseases cost New Zealand forestry over $100M each year,  mainly as a consequence of 
reduced growth but also from tree mortality.  Economic losses are greatest for the three diseases 
Dothistroma, Cyclaneusma and Armillaria.  In recent years Nectria flute canker has also increased in 
importance.  There are also significant economic losses associated with bark beetles, and our forests 
are under constant threat from new pest and disease incursions.

Working  closely  with  industry  (PF  Olsen  &  Co  Ltd),  methods  for  applying  a  commercialized 
Trichoderma  product (ArborGuardTM) were optimized, resulting in improved growth and health in 
forest nurseries and in over one-third less mortality for Armillaria disease in forest plantations where 
treated vs untreated seedlings have been used.  This was achieved with a single nursery-applied 
treatment.  Novel protectant microbial formulations also increased tree growth in the forest nursery by 
>30%, without the need for any fungicide sprays.  with support from FRST, Technology NZ, the FBRC 
and individual forestry companies, the Trichoderma-based product ArborGuardTM was developed.  A 
seed coating kit for forest nurseries to apply beneficial microbes has been developed.

Previous industry and FRST supported research on improving the success rate for P. radiata cuttings 
(2003-2007), has shown that an improvement in survival of healthy rooted cuttings of up to 20% can 
be achieved with beneficial microbe/natural product formulations.

Novel entomopathogenic fungi have been identified that may be used to reduce damage from bark 
beetles to radiata pine seedlings.  A cost-effective delivery system is need for industry.  Some fungal 
isolates will persist in the rhizosphere for an extended period, and soil populations are maintained at 
levels  which  are  effective  to  insects.   The  opportunity  exists  to  apply  both  Trichoderma  and 
entomopathogenic  fungal  biocontrol  agents  to  the  soil/roots  of  radiata  pine  to  protect  seedlings 
against pest and disease damage.  

In Malaysia a Trichoderma  bioprotection project on Acacia mangium in the Planted Forest Zone of 
Sarawak has increased healthy tree production by about 40% compared with fungicide-sprayed and 
unsprayed controls.  The nursery system is now being changed to inoculate all Acacia seedlings with 
Trichoderma  (30 – 50 million trees / year).
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Objective 1 : (FBRC) Development of beneficial microbe application kit for 
forest nurseries

Development of beneficial microbe application kits for forest nurseries:

A prototype kit,  suitable for  coating Pinus radiata seed with selected 
beneficial microbes by forest nurseries, has been developed and tested. 
ArborGuardTM was successfully applied to the 2008/09 seed crop sown 
at  the  PF  Olsen  Nursery  (Waiuku).  Several  different  Trichoderma 
isolates  were  applied  to  pine 
seed for trials at the Timberlands 
Te  Ngae  Nursery  (Rotorua).  A 
concrete  mixer  was  used  for 
coating large batches of stratified 
seed (c10 kg) and a small hand 
operated  mixer  for  smaller 
quantities (1 – 5 kg). Very  small 
quantities  (several  grammes) 

were  also  coated using  polythene  bags.  The  suitability  and 
compatibility of mixtures of selected Trichoderma isolates and 
isolates  of  entomopathogenic  fungi   are  currently  being 
evaluated, applied as seed coatings.

Seed inoculation protocol (for ArborGuardTM and other beneficial microbes) on 
P.radiata

Ingredients:
1 kg of stratified Pinus radiata seed
2.5 g ArborGuard™formulation
PVA (interior) adhesive
Food dye (optional)
c 15g Talcum powder

Procedure:

• Drain any excess water from stratified pine seed.
• Mix in a concrete mixer at a slow speed
• A well mixed slurry of water and interior grade PVA, 27ml and 5 ml respectively, followed 

after at least two minutes of mixingt to distribute the flurry all over the seed.
• ArborGuardTM slurry (2.5 g ArborGuardTM , 10 ml H2O and 4 ml of food dye - optional) or 

other beneficial microbes.
• Rinse the remaining ArborGuardTM slurry.
• Mix for at least a further 2 minutes to ensure good coverage before adding enough talcum 

powder (approx 15 g), to ensure the seed does not stick to the walls of the concrete mixer.
• Mix for about 10 minutes from start to finish, sufficient to give an even coverage of the 

respective ingredients to all of the seed.
• Disperse seed evenly and thinly (1-2 seeds deep) over a suspended piece of nylon shade 

cloth and leave to air-dry (c 2 hours) or use a fan.
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Objective 2 : (FBRC) Enhancing root initiation, health and vigour of 
P.radiata cuttings
The  Bio-Protection  Centre  research  group  has  screened  over  60  Trichoderma isolates  from the 
Trichobank  culture  collection,  for  their  ability  to  enhance  root  development  and  establishment  of 
cuttings. This work aims to develop a microbial product which will benefit the forestry, industry. Willow 
was chosen as an initial model system, primarily because it produces roots easily and quickly. Root 
development  was  compared  to  untreated  controls  and  various  commercially  available  rooting 
products. Three Trichoderma isolates gave outstanding promotion of roots compared to any of the 
other treatments and a number of other isolates also provided promising results. A selection of the 
best isolates is now being tested further examining their potential to enhance rooting and health of 
cuttings in Pinus radiata.  Nursery trials with c 100,000 cuttings were established at PF Olsen & Co 
Ltd (containerised), Timberlands, Te Ngae and the Rangiora Nursery (soil bed) in April 2009.  this 
work will be the major focus for 2009/10 CoRE FBRC –traded research.

The best isolates from this screening trial will now be tested on P radiata cuttings at the PF Olsen and 
Te Ngae nurseries in 2009/10.

Entomopathogenic fungi for bark beetle biocontrol (Appendix 1)
(see Appendix 1)

Armillaria disease forestry trials:
The Trichoderma vs  Armillaria forest plantation trials at Rotoiti (established in 2007) and Kaingaroa 
(established in 2001), were assessed for tree health, mortality and for growth in June 2009. 

Rotoiti Forest Trial 

In  May 2008  over  7,000 trees in  this  trial  were  assessed for  health  and mortality  (see Table  1, 
Appendix 2).  The ArborGuardTM treatment had the highest health score and lowest mortality from 
Armillaria disease.

In June 2009 this trial was re-assessed.  Unauthorised personnel had removed plot and marker posts 
for  blocks  1  –  6.   it  was  virtually  impossible  to  be  sure  that  trees  were  assessed  according  to 
treatment in these blocks. (Figures 9 – 10, Appendix 2).  However, for Blocks 7 – 9 there was no 
difficulty in assessing the trees.  The ArborGuardTM treatment (T3) was best for health and had the 
lowest mortality (less than 5%) (Figures 9 – 10, Appendix 2).

Kaingaroa Forest Trial 

Tree mortality was virtually unchanged from the previous assessment.

Results for assessment of tree health height and DBH and the ratio of DBH / height are shown in 
figures  1  –  8  Appendix  2.   Differences  between  ArborGuardTM and  control  treatments  and 
‘containerised’ and ‘bare root’ stock were small.
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Bio-Protection of Acacia mangium using Trichoderma in the Planted 
Forest Zone, (PFZ) Sarawak:

The  success  of  the  New  Zealand  forestry  bio-protection  research  has  led  to  a  collaborative 
partnership  between  the  Bio-Protection  Research  Centre,  Lincoln  University,  Sarawak  Planted 
Forests Sdn Bhd and Grand Perfect Sdn Bhd in the Planted Forest Zone of Sarawak, Malaysia. Dr 
Hill  has  been contracted  as  a  consultant  to  lead  a  two-stage  project:  firstly  to  enhance  Acacia 
mangium seedling  establishment, growth and health  in  the forest  nursery and secondly  to  control 
Ganoderma root rot disease in plantation forests using selected local Trichoderma isolates.

This project involves a collaborative partnership between the Bio-Protection Research Centre, Lincoln 
University, Sarawak Planted Forests Sdn Bhd and Grand Perfect Sdn Bhd. Dr Robert Hill has 
been contracted as a consultant to lead the project, working closely with Grand Perfect Research and 
Development and Sarawak Forestry Corporation staff. 

Using selected local Trichoderma isolates, twelve forest nursery trials, with up to 12 treatments per 
trial,  were  established  at  the  Samarakan  nursery 
between  August  2008  and  August  2009.  The  best 
Trichoderma-treatments  increased  seedling  growth  and 
vigour and reduced disease incidence, without the use of 
any fungicide sprays. The average number of seedlings 
meeting specification for planting out into the forest (108 
days after sowing) per tray was; Trichoderma (mean) 41, 
untreated control (mean) 29, fungicide control (standard 
nursery practice, mean) 26. Seedling height  followed a 
similar  pattern:  best  Trichoderma,  mean  38.3  cm; 
untreated control mean 30.6 cm and fungicide sprayed 
mean 27.8 cm.

A  large-scale  validation  of  the  best  Trichoderma 
treatments has been completed in the forest nursery (in 
the  first  quarter  of  2009),  and  pilot-scale  forestry 
plantation trials (vs Ganoderma disease), at three sites in 

the  PFZ  were  
      established in August/September 2009.

Grand  Perfect  and  the  Sarawak  Forestry  Corporation  have  decided  to  change  their  nursery 
production system at Samarakan to treat all the Acacia seedlings with Trichodermas  isolated in this 
project (30 – 50 million / year) and to discontinue fungicidal sprays.

The Planted Forests Project has been named as one of the six most important research projects in 
the world by Discover Magazine.
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Appendix 1 : Entomopathogenic fungi for bark beetle biocontrol
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Appendix 2 : New Zealand forestry trials assessment Rotoiti Forest and 
Kaingaroa Forest June 2009
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Figures 1 – 6 Kaingaroa forest data summary for the diameter breast height (DBH), height and 
DBH / height for treatments 1 and 11 with the relative measurements split between bareroot (BR) 
and containerised (C) seedlings (Figures 1 – 3) and the overall combined data (Figure 4 – 6). Error 
bars indicate the standard error of the mean (SEM) for Figures 1 and 4, while the means for Figures 
2, 3, 5 and 6 respectively are separated using an unrestricted Lsd (p 0.05).
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Figures 7 - 8          Kaingaroa forest data summary for the mean health scores for treatments 1 and 11 with the relative 
scores split between bareroot (BR) and containerised (C) seedlings (Figure 7) and the overall combined data (Figure 8). 
Error bars indicate the standard error of the mean (SEM) for each of the respective means.
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Figures 9 - 10        Rotoiti forest data summary for the mean health score (Figure 9) and percent dead trees (Figure 10) 
for treatments 1 - 4. Independant variables in parenthesis indicate the respective block numbers measured for each of the 
treatments. Error bars indicate the standard error of the mean (SEM) for each for the respective health score means.
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ROTOITI FOREST  TRIAL SUMMARY  OF 26/05/08 ASSESSMENT

        = 7,129Total numberof trees included in this assessment
     = 38 (0.5%)Total numberofdead trees

   =  3.6  ,     0 (= ) –  4 (=   )Average healthscore overall on a scale of dead very healthy

Mean health score 
(%)

Mean mortality 
(%)

 1 { 1  )T BD bacterialmixture 3.5 0.6
 2 {  109}T BD T 3.7 0.8
 3 { )T ArborGuardtm 3.7 0.4
 4 { , }T Control untreated 3.5 0.7

 Overallmean 3.6 0.5  
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Appendix 3 : Bio-protection of Acacia in PFZ, Sarawak
       , Locationof the planted forest zone in Sarawak Malaysia

Testimonial on PFZ Project
                    I write to thankyou for the privilege ofbeingable towitness the workthatyou are undertakingin the 

 .Planted Forest     .             It was inspiring The project is a beaconofhope in a regionthathas suffered 
      .greatly fromlack ofplanningand foresight

              .  The workthatyou and the Bio protectionunithas undertakenhas achieved startlingresults In my 
                   timeas a farmerandmore latterly as a funderof agriculturalsciences I am strugglingto thinkof a 
   .             moredramatic visible result The increase in growthrates and the extra bloomofhealth in the 

        .     acacia seedlings treatedwithyour systemwere absolutely stunning In additionto the obvious 
 ,             .commercial benefits here is an immediate impactof changingthe nursery toa biological system  

                  The large settlingponds at either end of the complexare beingused for recreationas well as fishing 
   .          , ,and cresses forconsumption Being able tomove away fromthe potpourriof herbicides fungicides  

     .        etc has a fundamentalhumanbenefit Absolutely consistentwith the objectives tohave production 
,      .forestry people and the natural forest coexist

   ,             If possible can you please conveymy admirationtoAlisonand the Bio protectionunit forbeing 
.     ’        . ,         there Not all ofmy countrys efforts in Asia I am proudof However as a Kiwi I am very proudof this 

. one

                The planted forestproject that is attemptingon a large scale tomeet the needs of sustainable 
           .developmentis very deservingofwhatever supportthatour countrycanmuster

                  I am sure apart fromthe philanthropicaspects ofbeing involved I feel that the rewards forbeingat 
              .  the cuttingedge of an internationaleffortsuch as thiswill providegoodsustainable returns I feel 

                frommyobservations that the highqualitymixof people thathave been attracted to the overall 
             .conceptwill ensure success and an international focus on the art of the possible

      ,     . It was a great towitness real practical science at the forefront    . It was inspirational      

                  So thankyou again Robert the timewithyou gave me valuable insightsand enabledme to judgeon 
      ,    the rest ofmymission the impacts practices and potential so       lutionswitha littlemore clarityand 

.balance

    .I am in yourdebt
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