
I P.O. Box 1001 Hilo. Hawaii 96720 

1980 ANNUAL REPORT DOE/ET/20074--T' 

(January 1980 - December 1980) DE82 009495 

Thomas B. Crabb, Project Manager R. L. Herberg, Project Coordinator 
BioEnergy Development Corporati on C. Brewer and Company, Limited 
P. 0. Box 1801 P. 0. Box 1826 
Hilo, HI 96720 Honolulu, HI 96805 

Craig D. Whitesel 1, Principal Invest-igator 
Ins t i tu te  of Pacific Islands Forestry 
USDA Forest Service 
1151 Punchbowl St ree t ,  Room 323 
Honolulu, HI 96813 

BIOENERGY DEVELOPMENT CORPORATION .. 
h s a n  C. 'fligag&h,~.4gpw3&st;lSoi 1 Sci ent i  s t  

- - 
- =  - 

Ian B. Thain , Operations S U < ~ ~ + V ~ V . ,  

Teri King, Senior Forest Technician 

A i  1 een Wung, Forest Technician 

1' b DISCLAIMER 
Rlis boO* w oremred as an acmvot of muk rponoored by an a3- of me Unirad State 
Naim the United Stat- Go~nmeo t  mr any ww merml. MI n v  ul  ttmio nz~pioru 
mnaty. amreu or implied. or awma any lwl liabilitv or raponsibilily for i 

rnmoldnem. ar useful- of any informstion. apwatur. prodrrt. w PTOCES, 
rw- mn ;IS ura vrouia not inlringe privsleiy owned rights Rebrew hwein I t  
m M  pmdun, procaa, or mrvice by trade wm. ~rdemark, manuhnura, o 
MI nr*ls~& mnsitute oc imply its snaorremenr. remmmmdstlon, or l m r i r  
Sma oarnment n any a w n /  thrsof. The view and opinions of authors axpm. .. 
-lly rime or reflen rhos of the Uni td Stass Gwarnmrnt or any w n c v  thsr-I. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



TABLE OF CONTENTS 

Page . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Summary 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  I n t r o d u c t i o n  2 

. . . . . . . . . . . . . . . . . .  The 1980 A c t i v i t y  Schedule 8 

. . . . . . . . . . . . . . . . . . . .  Major  M i les tones  8 

. . . . . . . . . . . . . . . . . . . . . . . .  . S i t e  D e s c r i p t i o n  11 

Hamakua . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

Ka 'u . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

F i e l d  Operat ions . . . . . . . . . . . . . . . . . . . . .  i . . .  14 ... 

Nursery . . . . . . . . . . . . . . . . . . . . . . . . .  14 

. . . . . . . . . . . . . . . . . . . . . . . . .  C lea r i ng  17 

P l a n t i n g  . . . . . . . . . . . . . . . . . . . . . . . . .  18 

WeedContro l  . . . . . . . . . . . . . . . . . . . . . . .  21 

F e r t i l i z a t i o n  and Crop Logging . . . . . . . . . . . . . .  22 

Harves t ing  . . . . . . . . . . . . . . . . . . . . . . . . .  24 

Economi c Ana lys i  s . . . . . . . . . . . . . . . . . . . .  24 

Budget . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

Experiments i n  Progress o r  Completed . . . . . . . . . . . . .  26 

Hamakua D i s t r i c t  Stud ies . . . . . . . . . . . . . . . . .  26 

Spacing Study a t  Akaka F a l l s  . . . . . . . . . . . . . .  26 

. . . . . . . . . .  F e r t i l i z e r  NP T r i a l  a t  Akaka F a l l s  28 

. . . . . . . . .  Species Screening T r i a l  I a t  Onomea 32 

. . . .  Eucalyptus - Legume Admixture T r i a l  a t  Onomea 33 

. . . . . . . . .  Herb i c i de  Screening T r i a l  I a t  Kamae 35 

. . . . . . . .  Herb i c i de  Screening T r i a l  I 1  a t  Kamae 44 



Comparison o f  F e r t i l i z e r  Types a t  Kamae . . . . . . . .  46 

. . . . . . . . . . .  Species Screening T r i a l  11 a t  Kamae 51 

Legume Ground Cover Screening T r i a l  I a t  Kamae . . . . .  53 

Legume Ground Cover Screening T r i a l  I 1  . a t  Kamae . . . .  55 

Osmocote 1 y e a r  Release T r i a l  a t  Kamae. . . . . . . . .  57 

F e r t i l i z e r  NPK T r i a l  a t  Amauulu . . . . . . . . . . . .  57 

. . . . . . .  Seedl. ing Conta iner  S i ze  T r i a l  a t  Amauulu 60 

Ka 'u  D i s t r i c t  S tud ies  . . . . . . . . . . . . . . . . . . .  -61 

Spacing Study I . . . . . . . . . . . . . . . . . . . .  61 

Spacing Study I 1  . . . . . . . . . . . . . . . . . . . . .  61 

. . . . . . . . . .  . Eucalyptus Legume Admixture T r i a l  63 

F e r t i  1 izer NP T r i  a1 . . . . . . . . . . . . . . . . .  64 " 

Species Screening T r i a l  . . . . . . . . . . . . . . . .  66 

. . . . . . . . . . . . . . . . . . . . .  Provenance Study 68 

Nursery . . . . . . . . . . . . . . . . . . . . . . . . .  73 

. . . . . . . . . . . .  Lime P lus  M i  c r o n u t r i e n t s  T r i  a1 73 

Mag .Amp T r i a l  . . . . . . . . . . . . . . . . . . . . .  76 

Conta iner  S ize  T r i a l  . . . . . . . . . . . . . . . . .  76 

. . . . . . . . . . . . . . .  Mycorrh izae I nocu ' l a t i on  T r i a l  77 

. . . . . . . . . .  Pub l i ca t i ons ,  Presen ta t ions  and V i s i t a t i o n s  79 

Chrono log ica l  Events and V i s i t a t i o n s  . . . . . . . . . . . . . .  81 

Cooperat ing Agencies and Personnel . . . . . . . . . . . . . . .  87 

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . .  89 

. . . . . . . . . . . . . . . . . . . . . . .  L i t e r a t u r e  C i t e d  9 0 



SUMMARY 

I n  1980 BioEnergy Development Corpora t ion  p l a n t e d  200 acres o f  

euca lyp tus  t r e e s  f o r  a  research  and development biomass energy p l a n t a t i o n  

b r i n g i n g  t h e  t o t a l  area under c u l t i v a t i o n  t o  300 acres. O f  t h i s  t o t a l  

acreage, 90 acres o r  30% was p l a n t e d  i n  exper imenta l  p l o t s .  The remain ing 

70% o f  t h e  c u l t i v a t e d  area was c l o s e l y . m o n i t o r e d  t o  determine t h e  economic 

c o s t / b e n e f i t  r a t i o  o f  l a r g e  .sca le  biomass energy p roduc t ion .  

. In  t h e  l a r g e  sca le  p l an t i ngs ,  BioEnergy has s e t  up s tandard f i e l d  

p r a c t i c e s  f o r  a1 1  phases o f  p roduc t ion :  nursery ,  c l e a r i n g ,  p l a n t i n g ,  weed 
. . 

c o n t r o l  and f e r t i  1  i z a t i  on. , These p r a c t i c e s  were c o n s t a n t l y  eva l  ua ted  f o r  
' 

p o t e n t i a l  improvements i n  e f f i c i e n c y  and reduced cos t .  Promis ing exper imenta l  

t rea tments  were implemented on a  l a r g e  s c a l e  t o  t e s t  t h e i r  e f f e c t i v e n e s s  

under f i e 1  d  p roduc t i on  c o n d i t i o n s .  

I n  t h e  exper imenta l  areas a l l  scheduled da ta  c o l l e c t i o n  i n  1980 has been 

completed and most measurements have been keypunched and analyzed w i t h  t h e  

S t a t i s t i c a l  Ana lys is  Systems (SAS) programs on t h e  U n i v e r s i t y  o f  Hawai i  

IBM 370 computer. S o i l  samples and l e a f  samples have been analyzed f o r  

n u t r i e n t  concen t ra t ions .  Crop l o g g i n g  procedures have been s e t  up t o  

mon i t o r  t r e e  growth through p l a n t  t i s s u e  ana l ys i s .  

An i n t e n s i v e  computer search on biomass, nu rse ry  p r a c t i c e s ,  ha rves t i ng  

equi  pment and h e r b i c i d e  appl i c a t i o n s  has been completed th rough t h e  

s e r v i c e s  o f  the  U. s'. Fores t  Serv ice .  



.. INTRODUCTION 

There e x i s t s  i n  Hawai i  an u rgen t  need f o r  a d d i t i o n a l  domest ic energy 

sources t o  reduce dependence on impor ted  o i  1  . 'I'n 1978, more than  12 mi 11 i o n  

b a r r e l s  o f  r e s i d u a l  f u e l  were used i n . t h e  S t a t e  o f  Hawai i  t o  produce e l e c t r i c i t y ,  

process steam, and o t h e r  forms o f  energy. 

H i s t o r i c a l l y ,  sugarcane f a c t o r i e s  have burned bagasse ( t h e  p l a n t  f i b r e  

remain ing a f t e r  sugarcane i s  processed) t o  produce e l e c t r i c i t y  and steam 

f o r  i n t e r n a l  energy needs. .Any excess power was s o l d  t o  l o c a l  u t i l i t y  

companies. 

~ e c k n t l y ,  a  number o f  sugarcane f a c t o r i e s  have f o r m a l l y  con t rac ted  t o  

supp ly  e l e c t r i c i t y  t o  p u b l i c  u t i l i t i e s  on a  r e g u l a r  bas i s .  I n  1978, app rox i -  

mate ly  38% o f  t h e  e l e c t r i c a l  power s o l d  on t h e  I s l a n d  o f  Hawaii (about  150 

mi 11 i o n  k i l o w a t t - h o u r s )  was suppl i e d  by sugar companies. S ince these 

companies c u r r e n t l y  must suppleanent t h e i r  bagasse w i t h  f u e l  o i l  i n  o r d e r  t o  

meet t h e i r  c o n t r a c t  quota o f  , k i l owa t t - hou rs ,  they  a re  i n t e r e s t e d  i n  a l t e r r i a t i v e  

f u e l  sources. C. Brewer and Company, L i m i t e d  i s  c u r r e n t l y  spending n e a r l y  

$2 m i l l i o n  annua l l y  f o r  t h i s  supplemental o i l .  

One p romis ing  source of a1 t e r n a t i v e  f u e l  i s  wood f i b r e  s u p p l i e d  f rom 

fas t -g row ing ,  commercial ly-managed f o r e s t s .  The U. S. Fo res t  Serv ice  and 

t h e  S ta te  D i v i s i o n  o f  F o r e s t r y  have c l a s s i f i e d  approx imate ly  one m i l l i o n  

acres i n  Hawai i  as comnercial  f o r e s t  lands.  The l a r g e s t  b l o c k  o f  such 

lands i s  l o c a t e d  on Hawai i  I s l a n d ,  b u t  each ma jo r  i s l a n d  has s i g n i f i c a n t  

p o t e n t i a l  f o r  f o r e s t  development (Tab le  1  ) .  

Hawai i , w i t h  i t s  year- round growing c l  imate , prov ides  an i d e a l  env i  ron-  

ment f o r  biomass p roduc t ion .  I n  p a r t i c u l a r  A u s t r a l i a n  euca lyp tus ,  w o r l d  



Table 1. Commercial f o r e s t  l a n d  i n  t h e  S t a t e  o f  Hawai i .  

Commercial Fo res t  
I s l a n d  Lands. (Acres)  

H a w a i i  710 jOOn 

Maui 120,000 

Mol oka i 24,000 

Lanai 

Oahu 

Kauai 



renown f o r  i t s  h i gh  . fue l  va lue  and rap id ,  growth r a t e ,  grows we1 1 on most 

s i t e s  i n  t h e  s t a t e .  As ene,rgy p l a n t a t i o n s ,  euca lyp tus  t r e e  farms can he lp  

re1  i e v e  Hawai i o f  i t s  pet ro leum dependency. 

I n  1978 C. Brewer and Company, L i m i t e d  and the  USDA Fores t  Se rv i ce  

prepared a research  and development proposal  t o  e x p l o r e  p roduc t i on  o f  biomass 

energy f r om euca lyp tus  t r e e s  on Hawaili I s l and .  Th i s  proposal  was accepted 

f o r  f und ing  by t h e  U. S. Department o f  Energy. 

Annual l y  renewable federa l  g ran t s  a r e  matched w i t h  c o n t r i b u t i o n s  o f  

land ,  equipment, roads, genera t ing  f a c i l i t i e s  and managerial  resources f rom 

C. Brewer. S i l v i c u l t u r a l  and economic e x p e r t i s e  and o t h e r  t e c h n i c a l  a s s i s -  

tance a re  p rov ided .by  t h e  - I n s t i t u t e  o f  P a c i f i c  I s l a n d s  Fo res t r y ,  a  research 

u n i t  o f  ?he U. S.  ores st Serv ice.  . ... 

E a r l y  i n  1979 C. Brewer formed BioEnergy Development Corpora t ion  t o  

conduct t h e  research and development p r o j e c t .  Together: w i t h  t h e  1 , n s t i t u t e  

o f  P a c i f i c  I s 1  ands Fo res t r y ,  BioEnergy Development Corpora t ion  has embarked 

on one o f  t h e  l a r g e s t  f o r e s t r y  research and development p r o j e c t s  d i r e c t e d  a t  

biomass f u e l  p roduc t i on  i n  t h e  Un i t ed  S ta tes .  

The o b j e c t i v e  o f  ~ i o ~ n e r g y ' s  p r o j e c t  i s  t o  answer e i g h t  broad ques t ions :  

1. How do d i f f e r e n t  s i t e s ,  c u t t i n g  c.ycles, spacings and i n t e n s i v e  

c u l t u r a l  p r a c t i c e s  a f f e c t  t h e  growth, y i e l d ,  r o t a t i o n ,  l e n g t h  

and p r o f i t a b i l i t y  o f  s h o r t - r o t a t i o n  euca lyp tus  investments? 

2 .  What a re  t h e  r e l a t i v e  c o s t / b e n e f i t s  o f  growing pure  s tands o f  

euca lyp tus  w i t h  var ious  f e r t i l i z e r s  vs.  admixtures of euca lyp tus  

w i t h  n i t r o g e n  f i x i n q  species on d i f f e r e n t  s i t e s ?  

3. M i l  1 c rop  l o g g i n g  (mon i t o r i ng  growth p e r i o d i c a l l y  w i t h  chemical  

and phys i ca l  t e s t s )  ' p r o v i d e  guide1 i n e s  t o  produce maximum y i e l d s ?  



4. Can g e n e t i c a l - l y  supe r i o r  eucalyptus . ... p l a n t i n g  s tock  be i d e n t i f i e d  

and mass-produced w i t h i n  a  s h o r t  t ime  frame through phenotyp ic  

s e l e c t i o n  i n  seed orchards? 

5. Which species o f  euca iyp tus  - . w i l l -  prove b e s t  adapted on p l a n t i n g  

s i t e s  d i f f e r i n g  g r e a t l y  i n  e l e v a t i o n ,  r a i n f a l l  and s o i l  p r o p e r t i e s ?  

6 .  Can e x i s t i n g  equipment be mod i f ied  a t  min imal  c o s t  t o  p l a n t  and 

c u l t i v a t e  eucalyptus . . .  ... seed1 i ngs  and t o  haul  wood f i b r e  t o  gene ra t i ng  

p l a n t s ?  

7. To what e x t e n t  do s o i l  and t e r r a i n  c o n d i t i o n s  l i m i t  acreage i n  

l a r g e - s c a l e  c o m e r c i a l  f o r e s t  ope ra t i ons  on company lands?  

8. What i s  t h e  optimum m i x t u r e  o f  euca lyp tus  ... . , wood ch ips  and o t h e r  

. biomass f u e l  sources? . _ 
B ioEnergy 's  p r o j e c t  w i l l  span a  5  y e a r  p e r i o d  and 900 acres (700 acres 

a long  t h e  Hamakua c o s t  and 200 acres i n  Ka 'u ) .  I n  1980,200 acres o f  

euca lyp tus  t r e e s  were p l  anted., b r i n g i n g  t h e  t o t a l  acreage under c u l t i v a t i o n  

t o  300 acres. 

Eucalyptus .- , .. s eed l i ngs  a r e  r a i s e d  a t  B ioEnergy 's  nu rse ry  i n  Wainaku 

which has an annual c a p a c i t y  o f  more than  450,000 seed l ings .  The seed l ings  

a re  ou tp l an ted  a t  5  x  5  f oo t  i n t e r v a l s  and annual p e r  ac re  y i e l d s  o f  10 

tons d r y  we igh t  o f  wood f i b r e  i s  t h e  p roduc t i on  o b j e c t i v e .  

Once t r e e s  reach a  harves tab le  s i z e  (50-60 f e e t  i n  h e i g h t )  a f t e r  5 t o  

7  years,  .they w i l l  be chimpped and used as supplemental  b o i l e r  f u e l  t o  

produce steam a t  two nearby sugar p l a n t a t i o n  power p l a n t s .  These p l a n t s  

a l r eady  produce steam-generated e l e c t r i c i t y  f rom sugarcane bagasse w i t h  

o i l  as a  supplemental f u e l  and power i s  s o l d  t o  t h e  l o c a l  p u b l i c  u t i l i t y  

company. 



Economic impacts are evaluated a t  every level of the project. Cost 

accounting i s  s t r i c t l y  adhered to  by BioEnergy and economic data recorded 

to  accurately gauge the cost/benefit r a t i o  of large scale biomass energy 

production. There must be a net energy gain and a net financial savings 

relat ive to  the cost of fuel o i l  for  the project t o  be judged successful. 

BioEnergy Development Corporation i s  s taffed with a project manager, 

an accountant, a secretary,  an operations supervisor, an agronomist/soil 

s c i en t i s t ,  2 forestry technicians, 2 nursery workers, 6 f i e ld  hands and 

4 f i e ld  workers. See Table 2 fo r  further de ta i l s .  





THE 1980 ACTI'V.ITY SCHEDULE 

A l l  p r o j e c t  a c t i v i t i e s  i n  1980 were on schedule,  w i t h  one except i 'on i n  

t h e  area o f  seed o rchard  es tab l i shment  (,Tab1 e 3 ) .  The a c t i v i t y  b lockage 

here i s  due t o  t h e  need t o  improve vege ta t i ve  p ropagat ion  methods i n  o r d e r  

t o  c lone  s u p e r i o r  eucalyptus t r e e s .  Work on v e g e t a t i v e  p ropagat ion  w i l l  

con t i nue  i n t o  1981. 

MAJOR MILESTONES 
, 
Research Program I n s t a l  1 a t i o n  o f  major  exper iments i n  species and 

Weed Cont ro l  

Crop Cont ro l  

Nursery 

h e r b i c i d e  screening,  spacing, f e r t i 1 , i z e r  requirements,  
- 

legume admixtures, o t h e r  i n t e n s i v e  c u l t u r a l  p r a c t i c e s  

and nu rse ry  p r a c t i c e s  completed. Data c o l l e c t i o n  on 

schedule and r e s u l t s  analyzed on I B M  370 computer w i t h  

SAS programs. 

He rb i c i de  screening t r i a l s  have i d e n t i f i e d  p rom is i ng  

t rea tments  t h a t  a re  be ing  a p p l i e d  on a p a r t i a l  f i e l d  

sca le .  I n i t i a l  weed c o n t r o l  schedules fo rmu la ted  and 

app l ied ,  us i ng  a i r c r a f t ,  t r a c t o r s ,  and backpack sprayers.  

Fol  i a r  a n a l y s i s  f rom f e r t i  1 i z e r  exper iments used as 

g u i d e l i n e s ' f o r  mon i t o r i ng  t r e e  growth. Crop l o g g i n g  

schedules formulated. 

Two f u l l y  automated p ropagat ion  houses and o u t s i d e  

hardening areas completed and 600,000 seed1 i ngs produced. 

Promis ing t rea tments  i d e n t i f y  ed i n  nursery  f e r t i  1 i z e r  

exper iments were implemented i n  p roduc t i on  p r a c t i c e s .  



Propagat ion 
Methods 

Phenoty i c  4 
Land Aubra isa ls  

Handl ing and 
Generators 

Seed p ropagat ion  used p r i m a r i l y .  Vegeta t i ve  p ropagat ion  

methods be ing  i nves t i ga ted .  

C o o p e r a t i v e , e f f o r t  w i t h  Dr. James King, U. S .  Fores t  

Serv ice  G e n e t i c i s t .  Four ma jo r  provenance t r i a l s ,  i n s t a l l e d .  

P r e l i m i n a r y  s tudy  completed w i t h  upda t ing  i n  progress.  

Environmental  assessment completed on.341-acres Conservat ion-  

zoned 1 and pa rce l  . i n ,  Amauul u mauka. 

General Fuel M i x .  . Cooperat ive.  e f f o r t  w i t h -  Hi.10 Coast '  Process ing Company. 

P r e l i m i n a r y  t r i a l  r u n  w i th .  Cap i t o l  Woodchip Company 

d i s c a r d  m a t e r i a l .  

Ongoing d iscuss ions  w i t h  H i l o  Coas t .Process ing  Company. 





SITE DESCRIPTI'ON 

Hamakua Coast 

There a r e  f o u r  separate p l a n t i n g  s i t e s  a long  t h e  Hamakua Coast: - 
Akaka F a l l s ,  Onomea, Kamae, and Amauulu. Table 4 p resen ts  t h e  summarized 

da ta  on s o i l  pH and a v a i l a b l e  s o i l  n u t r i e n t s .  

. . Akaka F a l l s  . . . . :. ,. . 

The 26-acre (10.5 ha)  p l a n t i n g  s i t e  a t  Akaka F a l l s  i s  l o c a t e d  a t  

1600 f e e t  (480 m) i n  e l e v a t i o n .  Annual r a i n f a l l  i s  200 inches (5,080 mm) 

d i s t r i b u t e d  f a i r l y  even ly  th roughout  t h e  yea r .  The s o i l  s e r i e s  i s  t h e  Akaka 

s i l t y  c l a y  loam, and slope's range f r om 10 t o  20 percen t .  

The Akaka F a l l s  s i t e  i s  on abandoned cane 1and . t ha t . t i ad  been prepared 

f o r  t a r o  p roduc t i on  w i t h  a d d i t i o n  o f  2 T/A (4.5 mT/ha) o f  crushed c o r a l  

(92% CaC03). The s o i l  i s  medi um a c i d  (pH. 5.7 t o  6.0) and t he  l e v e l  , o f  

ca lc ium i s  moderate ly  h i g h  a t  810 ppm a t  t h e  18-24" (46-61 cm) depth.  

Onomea 

The 22-acre ( 9  ha) p l a n t i n g  s i t e  a t  Onomea i s .  l o c a t e d  a t  1400 f e e t  

(420 m) i n  e l e v a t i o n .  Annual r a i n f a l l  i s  200 inches (5,080 mrn) d i s t r i b u t e d  

f a i r l y  even ly  th roughout  t he  yea r .  The s o i l  s e r i e s  i s  t h e  Akaka s i l t y  c l a y  

loam, and s lopes range f rom 10 t o  20 percen t .  

The Onomea s i t e  i s  on abandoned cane land,  and t h e  s o i l  i s  ve ry  s t r o n g l y  

a c i d  (pH 4.8 t o  5.0) w i t h  a low l e v e l  o f  ca l c i um a t  35 ppm a t  t h e  18-24'! 

(46-61 cm) depth.  

Kamae 

The 170-acre (69 ha)  p l a n t i n g  s i t e  a t  Kamae i s  l o c a t e d  a t  1600 f e e t  

(480 m) i n  e l e v a t i o n .  Annual r a i n f a l l  i s  200 inches (5,080 mm) d i s t r i b u t e d '  



Table 4. S o i l  and pH and S o i l  N u t r i e n t  Ana lys is  f o r  B ioEnergy 's  D i f f e r e n t  
P l a n t i n g  S i t e s .  

. . . .  . . . .  . . . .  . .  . . . , .  . . 

F i e l d  Depth N , P P ~  P ,PPm K,ppm Ca,pPm Mg,PPm PH 

- - - -  - - ~ 

Akaka F a l l s  0-6" 3,730 7 3 9 197 39 5.7 

18-24" 4,001 7 5 0 81 0 83 6.0 

Onomea 0-6" 6,736 6 48 103 112 4.8 

18-24" 3,760 5 50 3 5 26 5.0 

Kamae 0-6" 6 ,845. .  18 52. :1. 6 4 37 :. 5.0 

18-24" 4,701 10 43 40 13 5.1 

Amauulu (A) 0-6" 4,320 3 83 500 174 6.1 

18-24" 2,936 4 35 89 2 4 5.4 

Amauulu ( B )  0-6" 6,736 6 48 103 112 4.8 

Ka 'u  ( K i l o a  0-6" 4,093 20 1 110 51 0 156 5.6 
s o i l  s e r i e s )  

12-18" 3,582 140 9 1 696 156 5.7 

Ka 'u  (A lapa i  0-6" 6,507 104 112 792 201 5.7 
s o i l  s e r i e s )  

12-18" 3,426 7 7 5 7 894 208 5.9 



f a i r l y  evenly  th roughout  t h e  year .  , The . s o i l  s e r i e s  i s  t h e  Akaka s i l t y  c l a y  

loam, and s lopes range f rom 10 t o  20 percent .  

The Kamae s i t e  i s  p r i n c i p a l l y  on abandoned cane l a n d  w i t h  some areas 

c l a s s i f i e d  as waste land s i n c e  they  were u n s u i t a b l e  f o r  cane p roduc t i on .  The 

s o i l  i s  ve ry  s t r o n g l y  a c i d  (pH 5.0 t o  5.1) and t h e  l e v e l  o f  c a l c i u m  i s  low 

a t  40 t o  64 ppm. 

Amauul u  

The 28-acre (11 ha) p l a n t i n g . s i t e  a t  Amauulu i s  l o c a t e d  a t  1600 f e e t  

(480 m) i n  e l e v a t i o n .  Annual r a i n f a l l  i s  200 inches  (5,080 mm) d i s t r i b u t e d  

f a i r l y  evenly  throughout  t h e  yea r .  The s o i l  s e r i e s  i s  t h e  K a i w i k i  s i l t y  

c l a y  loam, and s lopes range f rom 4  t o  20 percen t .  

The Amauul u  s i t e  i s'dn an..abandoned pas tu re  (.waste1 and). Loca t i on  A  

had been prepared f o r  t a r o  p roduc t i on  w i t h  . t he  a d d i t i o n  o f  a  4 T/A ( 9  mT/ha) 

of  crushed c o r a l  (92% CaC03), whi 1  e  1  o c a t i o n  B had never  been i n  a g r i c u l t u r a l  

c rop p roduc t ion .  The s o i l  a t  l o c a t i o n  A  i s  s l i g h t l y  a c i d  (pH 6.1),  w h i l e  

l o c a t i o n  B i s  ve ry  s t r o n g l y  a c i d  (pH 4.8 t o  5.0).  Leve ls  o f  s o i l  c.11ciu.n 

a r e  moderate ly  h i gh  a t  l o c a t i o n  A  (500 ppm) and low a t  l o c a t i o n  B '(26-112 ppm) . 
Ka ' u  

The 65-acre (26 ha) p l a n t i n g  s i t e  a t  N i n o l e  V a l l e y  i n  Ka 'u  i s  l o c a t e d  

a t  1800 f e e t  (540 m) i n  e l e v a t i o n .  Annual r a i n f a l l  i s  100 inches (2,540 m) 

w i t h  a  d r y  season f rom August t o  September. There a r e  two s o i l  s e r i e s :  t h e  

K i l o a  ext remely  s tony  muck and t he  A lapa i  ex t reme ly  s tony  s i l t y  c l a y  loam. 

Slopes range f rom 6  t o  20 percent .  

Table 4  p resen ts  summarized i n f o r m a t i o n  on s o i l  pH and a v a i l a b l e  s o i l  

n u t r i e n t s .  The Ka 'u  s i t e  i s  on r e c e n t l y  abandoned cane l a n d  t h a t  had been 

i n  cane p roduc t i on  f o r  o n l y  25 years.  Compared t o  t h e  Hamakua s i t e s ,  t h e  

Ka 'u  s i t e  i s  on a  younger s o i l  w i t h  moderate ly  h i g h  l e v e l s  o f  phosphorus, 
- 

potassium, ' c a l c i u ~ ~ i ,  and nraynesium. 



FIELD OPERATIONS 

A f t e r  two years  i n  opera t ion ,  B i  oEnergy Devel opment Co rpo ra t i  on has 

s e t  up s tandard f i e l d  p r a c t i c e s  f o r  a l l  phases o f  p roduc t i on :  nursery ,  

c l e a r i n g ,  p l a n t i n g ,  weed c o n t r o l ,  and f e r t i  1  i z a t i o n .  These p r a c t i  ces a r e  

be ing  c o n s t a n t l y  eva lua ted  f o r  p o t e n t i a l  r educ t i ons  i n  c o s t  and inc reases  

i n  e f f i c i e n c y ,  y i e l d  and employee safety. '  Mechanizat ion, i n  p a r t i c u l a r ,  i s  

be ing  . looked a t  f o r  f u t u r e  ope ra t i ng  improvements. 

Nursery 

Eucalyptus s e e d l i n g s . a r e  grown i n  p l a s t i c  d i b b l e  tubes c a l l e d  "Ray 

Leach cone- ta i  ne rs "  . ' ~ a i ' i i  ng...contai n e r i  zed s toca  i s  i conven ien t  ; economical 

way t o  grow l a r g e  numbers o f  seed l ings  w i t h  minimal. r o o t  damage a t  t ime  o f  

o u r p l a n t i n g .  The "Ray Leach Cone- ta iners"  a r e  r i b b e d  on t h e  i n t e r i o r ,  and 

t h i s  p reven ts  c i r c l i n g  o f  t h e  r o o t s  w i t h  subsequent s t a n g u l a t i o n  o r  "J" - 

r o o t i n g .  

The seed l ings  a r e  removed f rom t h e  con ta ine rs  s h o r t l y  be fo re  p l a n t i n g  

and t h e  con ta ine rs  a r e  r e c y c l e d  a f t e r  s t e r i l i z a t i o n  w i t h  a  10% c h l o r o x  

s o l u t i o n .  The p o t t i n g  media used i s  a  2 : l  mix  o f  v e r m i c u l i t e  and pea t  moss. 

Osmocotel ( 1  4-1 4-1 4 ) ,  do1 omi t e  , and ~i c r o ~ a x l  ( a  source o f  mi c r o n u t r i  en ts  ) 

a re  mixed t ho rough l y  i n t o  the  media by hand. 

The mcdia i s  s e t t l c d  i n t o  t h e  con ta ine rs  manual ly  and a  p l e x i g l a s s  

compactor p l a t e  i s  used t o  press down t h e  media t o  make a  seed bed f o r  t h e  

eucalyptus seed. Mixed seed and c h a f f  a r e  sown by hand and then  covered 

l i g h t l y  w i t h  f i n e  g rave l .  

' ~ r a d e  names o re  used s o l e l y  t o  p rov ide  s p e c i f i c  i nformht ion .  Mcnt ion  
o f  a  t r a d e  name does n o t  imp l y  an endorsement. 



The racks  o f  tubes a re  p laced  i n  t h e  greenhouse where t h e  euca ly tus  

seed l ings  germinate i n  5  t o  7  days. Th inn ing  i s  done a t  t h e  s tage  o f  two 

p a i r s  o f  t r u e  leaves, which i s  about 3  t o  4 weeks a f t e r  sowing. Any r e q u i r e d  

t r a n s p l a n t i n g  i s  a l s o  done a t  t h i s  t ime.  

The seed l i ngs  a r e  moved from t h e  greenhouse t o  t h e  hardening area when 

they  a re  3  t o  4  inches i n  h e i g h t ,  o r  4 t o  6  weeks a f t e r  sowing. Depending on 

t he  s i z e  o f  t h e  con ta ine r ,  t h e  p l a n t s  a r e  ready f o r  o u t p l a n t i n g  a t  10 weeks 

t o  4 months a f t e r  sowing, when t hey  a r e  12-15 inches (30-38 cm) t a l l .  

Fungic ides and i n s e c t i c i d e s  a re  n o t  necessary i n  Hawai i  f o r  t h e  c u l t i -  

v a t i o n  o f  e u c a l y ~ t u s  seed l ings .  Occas iona l l y ,  aphids o r  Japanese rose  b e e t l e s  

become a  problem, and d iaz inon  . .. o r  ma la th i on  a re  used f o r  c o n t r o l .  Damping 

o f f  o n l y  becomes a  problem'whe'n t h e  p l a n t s  a re  w i t e r e d  t o o  f r e q u e n t l y ,  and 

thus t i m i n g  o f  i r r i g a t i o n  i s  s u f f i c i e n t  c o n t r o l  o f  t h i s  funga l  problem. 

BioEnergy 's  nu rse ry  consists o f  two greenhouses capable o f  h o l d i n g  

50,000 seed l i ngs  each, and t h e  ou tdoor  hardening area which has t h e  c a p a c i t y  

o f  64,000 seed l i ngs .  With a  r o t a t i o n  o f  3 t o  . 4  months, t h e  nu rse ry  i s  capable 

of  p roduc ing  450,000 seed l ings  p e r  year ,  a  number more than  adequate t o  p l a n t  

200 acres p e r  yea r  a t  a  5  x  5 f o o t  spacing. 

The nu rse ry  s t a f f  i s  composed of two h o u r l y  p a i d  employees, who c a r r y  

o u t  a1 1  phases o f  nu rse ry  ope ra t i ons .  Economic da ta  has been c a r e f u l l y  

moni tored and BioEnergy ' s  c u r r e n t  nu rse ry  p r a c t i c e s  w i  11 produce euca lyp tus  . . 

seed1 i ngs  f o r  $36 p e r  thousand i n  "p i ne  c e l l "  con ta ine rs  (Tab le  5 ) .  One 

p o s s i b l e  area f o r  c o s t  r educ t i on  i s  t h e  p o t t i n g  media used. A l e s s  expensive 

mix  o r  removing t h e  media p r i o r  t o  p l a n t i n g  (Meskiman 1973) would reduce 

seed1 i ng cos t s  cons iderab ly .  

Ongoing research i n  t he  nursery  i s  examining t h e  e f f e c t  o f  d i f f e r e n t  

c o n t a i n e r  s i z e s  as w e l l  as t h e  e f f e c t  o f  d i f f e r e n t  types o f  s low r e l e a s e  



Table 5. Seed1in.g Costs per Thousand f o r  Three Container Sizes.  

Materi a1 s - 
Container Size 

Super Stubbie Pine 

1.  Media $ 17.78 $ 12.31 $ 7.28 
2. F e r t i l i z e r  1.02 0.69 0.33 
3 .  Water 4.88 4.88 4.88 

Labor 

4. Seed Collection $ 1.96 $ 1.96 $ 1 - 9 6  
5. Sowing 7.94 7.78 5.83 
6. Thinning/ 

Transplanting 5.95 5.83 5.83 

Fixed Costs 

7. Grennhouse -' '.$ ,4.0'0 $ 4.00 :!- $ 4.00 
8. Containers 7.40 7.20 6.07 

These costs  a r e  based on: 

2: 1 vermiculi te  t o  peat mix. 
Osmocote 14-14-14 a t  1040 g/batch, dolomite a t  700 g/batch and 
MicroMax a t  200 g/batch. One batch of media f i l l s  about 2600 
stubbies o r  1760 supers o r  5400 pine c e l l s .  
Monthly water b i l l ,  
Seed col lec t ion a t  Waiakea. Forest Reserve. Estimated 40,000 seedlings ' 

per kg a f t e r  germination and thinning. 
Sixteen man-hours t o  sow 3 tables  (7,056 c e l l s )  of supers,  o r  3 t ab les  
(7,203 c e l l s )  of stubbies o r  4 t ab les  (9,600 c e l l s )  of pine c e l l s .  
Ten minutes per t r ay  f o r  thinning and t ransplant ing (98 c e l l s  
f o r  supers,  100 c e l l s  f o r  pine c e l l s  and s tubb ies ) .  
Costs of greenhouse fac i  1 i t i  es averaged over a 10.-year 1 i f e  
span - $18,000 
Costs of containers averaged over a 5 year period, with containers 
reused 20 times. 



f e r t i l i z e r  on seedling growth in the nursery and f i e ld .  Future research will 

focus on the e f fec t  of different  types of media.on seedling grow.th, and the 

possible use of pelletized seed to reduce the number of seed sown per, con- 

ta iner .  Pelletized seed has the potential t o  reduce the amount of purchased 

seed as we1 1 as reduce the need for  thinning. 

Clearing 

The planting s i t e s  can be classif ied into 3 main groups: abandoned 

cane land; wasteland and forest .  Along the Hamakua coast, the abandoned 

cane land i s  bulldozed clear of vegetation and harrowed. In Ka'u, the aban- 

doned cane 1 and i s  simply crushed down with a Krajewski roll  e r  t o  form a mat, 

of vegetation. A t  both locations,  ~ounduplis applied twice prior to  planting, 

with the f i r s t  shot a t  0; 75  gal/^ and the second :Shot a t  0.50 gal /A.  ' 

The wasteland classif icat ion consists of areas e i ther  in cane or aban- 

doned long ago. The brush i s  bulldozed and windrowed, then two applications 

of ~ o u n d u ~ l  are made prior to  planting a t  the same rates as on abandoned 

cane land. 

I n  forested areas, any commercially harvestable trees will probably 

be removed prior to bulldozing and windrowing of the vegetation. Two shots 

of Roundup will he applied before planting. 

Clearing abandoned cane land takes about 3 tractor-hours, or 1 hour 

each for two tractor  passes over the area plus 1 hour for  Soil Conservation 

ditch maintenance work. A t  $80 per hour to rent a D-6 t r ac to r ,  costs will 

be about $240 per acre for aharidnned cane land. 

' ~ r a d e  names are used solely to  provide specif ic  information. 
Mention of a trade name does not imply an endorsement. 



Wasteland takes about 6  t r a c t o r - h o u r s  p e r  ac re  o r  $480 pe r  ac re .  

Forested areas a re  b e i n g  budgeted a t  15 t r a c t o r - h o u r s  p e r  ac re  o r  $1200 

pe r  acre.  

The c o s t  o f  two Roundup a p p l i c a t i o n s  p r i o r  t o  p l a n t i n g  i s  $118 p e r  

ac re  f o r  m a t e r i a l s  and a p p l i c a t i o n .  S ince Roundup cos t s  $60 a  g a l l o n ,  t h e  

f i r s t  a p p l i c a t i o n  c o s t s  $46 pe r  ac re  and t h e  second $30 p e r  ac re  f o r  

m a t e r i a l s .  Renta l  o f  t h e  broadcast  t r a c t o r  (D-4) a t  $42 p e r  hour  r e s u l t s  i n  

cos ts  per  ac re  o f  $21 f o r  'each a p p l i c a t i o n  s i nce  t h e  t r a c t o r  covers 2  acres 

p e r  hour.  See Table 6 . f o r  an o u t l i n e  o f  es t imated  p l a n t a t i o n  es tab l i shment  

cos ts ,  and Tab le  7 f o r  ac tua l  p l a n t a t i o n  cos t s .  

C lea r i ng  cos t s  a r e  be ing  c l o s e l y  mon i to red  w i  tli the. o b j e c t i v e  o f  r educ ing  
. .. 

cos ts  where poss ib l e .  Ongoi h g  research i s  ex&ni 'n ing d i f f e r e n t  h e r b i c i d e  

mixes which may be used as l e s s  expensive s u b s t i t u t i o n s  f o r  Roundup. Fu tu re  

research needs w i l l  be t o  con t inue  t o  l ook  f o r  d i f f e r e n t  c l e a r i n g  machinery 

o r  methods which cou ld  l e a d  t o  reduced cos t s .  

P l a n t i n g  

The 3 t o  4  month-old seed l ings  f rom t h e  nu rse ry  a re  o u t p l a n t e d  manual ly  

a t  5  x  5  f o o t  spacings (1 .5  m x 1.5 m). The 6-person p l a n t i n g  crew works 

i n  p a i r s ,  w i t h  one person us ing  a  meta l  o r  wooden d i b b l e  t o  open a  ho le ,  and 

t he  o t h e r  f o l l o w i n g  beh ind  t o  p l ace  a  s e e d l i n g  i n  t h e  h o l e  then  cove r i ng  

i t .  

BioEnergy 's  6-person p l a n t i n g  crew can p l a n t  600 t r e e s  p e r  man-day 

a long  t h e  Hamakua coas t  and 300 t r e e s  p e r  man-day i n  Ka 'u  where t h e  ground 

i s  rocky.  A t  1742 t r e e s  per  ac re  ( 5  x  5 f o o t  spac ing) ,  t h e  6-person crew 

can p l a n t  2  acres p e r  day a long  t h e  Hamakua coas t  o r  1  ac re  p e r  day i n  Ka'u. 

A t  a  wage r a t e  o f  $4.06 pe r  hour,  t h i s  amounts t o  p l a n t i n g  cos ts  o f  $98 p e r  

acre i n  Hamakua and $195 pe r  ac re  i n  Ka 'u  (Tables 6, 7 ) .  



Table 6 .  Estimated Plantation Establishment Costs for a Eucalyptus Biomass 
Planting Along the Hamakua Coast on Abandoned Cane Land. 

Nursery Costs, $/A - 

Seed1 i ng Stock $ 70.00 

Clearing 

Tractor (D-6) $ 240.00 
Two Roundup appl i cati ons $ 118.00 

Weed Control 

Sickling $ 60.00 
Paraquat-Simazine application $ 46.09 

Ferti 1 i zer 

DC-1 53 (40z. appl i ed twi ce) $ 136.00 
Application $ 130.00 

TOTAL $ 898.00 



Table  7. Per  Acre Costs o f  B i o E n ~ r g y  F i e l d s  Under C u l t i v a t i o n  as o f  December 31, 1980. 1 

F e r t i  - Weed 
F i e l d  C l a s s i f i c a t i o n  Acres - C l e a r i n g  P l a n t i n g  Rep1 a n t i  ng 1 i z e r  C o n t r o l  T o t a l  

- - - - - - - --- - 

Ka' u 780 Cane l a n d  15 272.09 97.61 69.61 231.87 662.22 1.333.41 

Ka 'u  755 Cane l a n d  41.5 200.55 269.96 10.18 247.89 104.31 832.89 

K a ' u  765 Cane l a n d  46 341.97 - - - - 341.97 
(.. 

Amauul u Waste l a n d  2 3 658.30 89.85 . '  - 122.77 .67 871.60 

Onomea V05A 

I Onomea V09A 
IU 

Akaka 54C 

Kamae 25A 

Kamae 25B 

Kamae 26A 

Kamae 26B 

Kamae 27C 

Kamae 27D 

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

Cane l a n d  

 he c o s t s  f o r  c l e a r i  ~ g ,  p l a n t i n g ,  f e r t i  1 i z i n g  and weed c o n t r o l  va ry  depending on t h e  number o f  t r a c t o r  passes, 
t h e  numkfer o f  f e r t i l i z e r  and weed cont-01 a p p l i c a t i o n s ,  .and t h e  t y p e  o f  equipment used. 

. 



Future  research w i l l  l ook  a t  i n c r e a s i n g  t h e  e f f i c i e n c y  o f  p l a n t i n g  

through improved manual t o o l s  o r  mechanizat ion.  BioEnergy i s  p l ann ing  t o  . 

borrow a  mechanized t r a n s p l a n t e r  f rom t h e  Hawai i  S ta te  D i v i s i o n  o f  F o r e s t r y  

t o  t r y  a long  t h e  Hamakua coas t .  

The advantages and di 'sadvantages o f  mechanized p l a n t i n g  need t o  be .  

eva luated.  P o t e n t i a l  problems a r e  t h e  i n i t i a l  c o s t  o f  investment ,  t h e  

h i g h e r  cos t s  o f  t r a c t o r  r e n t a l ,  and t h e  l i m i t a t i o n s  due t o  t e r r a i n  and 

weather cond i t i ons .  

Weed Cont ro l  

Weed c o n t r o l  begins w i t h  two Roundup a p p l i c a t i o n s  p r i o r  t o  p l a n t i n g .  

Roundup has no r e s i d u a l  e f f e c t ,  s o . t h a t  2 t o  3 months a f t e r  o u t p l a n t i n g ,  

t h e  f i e l d s  a r e  aga in  f i l l e d  w i t h  weeds competing k i t h .  t h e  e u c a l y p t i s  seed1 i ngs 

f o r  sun1 i g h t  and nu t r i en t s . .  

I n  t h e  pas t ,  s i c k l i n g  was done t o  p reven t  ,shading o f  t h e  t r e e s ,  b u t  t h e  

e f f e c t  was ve ry  shor t - te rm,  sometimes l e s s  than a  month. S i c k l i n g  cos ts  

depend on t h e  d e n s i t y  o f  weed growth, b u t  i t  can run  up t o  $60 p e r  ac re  

o r  15 man-hours p e r  ac re .  

BioEnergy i s  c u r r e n t l y  exper iment ing  w i t h  pre-emergent h e r b i c i d e s  t h a t  

can be a p p l i e d  as a  p r e p l a n t i n g  t rea tment ,  e i t h e r  sepa ra te l y  o r  combined 

w i t h  t h e  Roundup a p p l i c a t i o n .  Pre-emergent h e r b i c i d e s  w i l l  c o n t r o l  t h e  

seeding grasses and broad l e a f  weeds f o r  up t o  3 t o  4 months. The most 

pron i is iny pre-emergent h e r b i c i d e  t e s t e d  t o  da te  i s  Simazine. 
1  

BioEnergy has a l s o  begun t e s t i n g  p o s t - p l a n t i n g  h e r b i c i d e  t rea tments .  

The rhizomatous grasses a r e  spot -sprayed w i t h  Round up, and then  a f t e r  4 weeks 

' ~ r a d e  names a r e  used s o l e l y  t o  p rov ide  s p e c i f i c  i n f o r m a t i o n .  Ment ion o f  - 
a ' t r a d e  name does n o t  imp ly  an endorsement. 



a  m i x t u r e  of  p a r a q u a t i - ~ i m a z i n e  i s  sprayed over  t h e  e n t i r e  area. The c o s t  o f  

a p p l y i n g  Paraquat-Simazine i s  about $46 p e r  ac re  (Tab1 e  6) ,  i n c l  u d i  ng 1  abor.  

Twenty acres a long t h e  Hamakua coas t  have been t r e a t e d  t h i s  way and t h e  

e f f e c t i v e n e s s  o f  these p o s t - p l a n t i n g  h e r b i c i d e  t rea tments  i s  b e i n g  c a r e f u l l y  

moni tored.  

I n  Ka'u, t h e  mat o f  crushed cane serves as an e f f e c t i v e  mulch t h a t  

reduces weed problems cons iderab ly .  Cu r ren t l y ,  t h e  ma jo r  weed problem i s  

c o n t r o l l i n g  cane regrowth,  b u t  t h i s  i s  a  m inor  problem a f t e r  two Roundup 

dppl  i cat5ons. 

Ongoing weed c o n t r o l  research a t  BioEnergy i s  a  cont inuous sc reen ing  

o f  h e r b i c i d e s  f o r  pre-emergent and post-emergent a c t i v i t y  combined w i t h  
. . '  

m inor  phy tox i  c i  ty  toward; ~ u c a l y p t u s .  Fu tu re  r e s e a r c h  wi 11 i n c l u d e  a d d i t i o n a l  

h e r b i c i d e  e v a l u a t i o n  as w e l l  as de te rmin ing  t h e  most e f f e c t i v e  methods o f  

a p p l i c a t i o n .  The dangers o f  Paraquat a r e  recognized,  and l e s s  dangerous 

con tac t  poisons w i l l  be t e s t e d  i n  1981. 

F e r t i l i z e r  and Crop Logging 

The t r e e s  a re  f e r t i l i z e d  immediate ly  a f t e r  p l a n t i n g  and 6  months l a t e r .  

1  
Meta l  o r  wooden d i b b l e s  a re  used t o  bury  4  ounces ( 1  13 g )  o f  DC-153 . (12-24-1 2 )  

' 

f e r t i l i z e r  about 6  inches awa.y f r om t h e  t r e e .  Each f e r t i l i z e r  a p p l i c a t i o n  

takes about 2  man-days p e r  acre,  o r  a t  $4.06 p e r  hour ,  $65 p e r  acre.  

Dur ing  t h e  f i r s t  y e a r  o f  es tab l i shment ,  eucalyptus t r e e s  r e c e i v e  104 l b s / A  

o f  n i t r o g e n ,  208 l bs /A  o f  phosphorus, and 104 l bs /A  o f  potassium. The c o s t  o f  

f e r t i  1  i z e r  i n  t h e  f i r s t  y e a r  i s  $1 36 per  ac re  p l u s  $130 pe r  ac re  f o r  appl  i c a -  

t i o n  (Tables 6, 7 ) .  

' ~ r a d e  names a re  used s o l e l y  t o  p rov ide  s p e c i f i c  i n f o r m a t i o n .  Ment ion d f  
a  t r a d e  name does n o t  imp ly  an endorsement. 
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Crop logg ing ,  o r  m o n i t o r i n g  t r e e  growth th rough p l a n t  t i s s u e  a n a l y s i s  

w i l l  be c a r r i e d  o u t  through t h e  e n t i r e  c ropp ing  cyc le .  Data f rom t h e  ongoing 

f e r t i l i z e r  exper iments w i l l  be used as a  guide1 i n e  f o r  e s t a b l i s h i n g  c r i t i c a l  

p l a n t  n u t r i e n t  l e v e l s .  

A f t e r  t h e  f i r s t  y e a r  o f  p l a n t a t i o n  es tab l i shment ,  f o l i a r  a n a l y s i s  w i l l  

be used t o  determine f e r t i l i z i n g  schedules. BioEnergy i s  t e s t i n g  a e r i a l  

1  a p p l i c a t i o n  o f  A-4 f e r t i l i z e r  (25-0-27) a t  a  r a t e  o f  50 I bs /A  o f  n i t r o g e n  

and 54 l bs /A  o f  potassium. The c o s t  o f  f e r t i l i z e r  i s  $28 p e r  a c r e . w h i l e  t h e  

c o s t  o f  a p p l i c a t i o n  ranges f r om $2.44 - $6.07 p e r  ac re  depending on area 

s i z e  and amounts app l i ed .  

Experiments a long  t h e  Hamakua coas t  have shown t h a t  n i t r o g e n  i s  t h e  
. .. 

p r imary  1  i m i  t i n g  n u t r i e n t .  The r a t e  o f  n i  t r o j e n  * f e r t i l . i . za t i on  has *been 

inc reased  i n  a  t r i a l  15-acre p l a n t i n g .  Two ounces o f  DC-1417 (14-14-14) 

per  t r e e  were a p p l i e d  a t  p l a n t i n g ,  then  f o u r  months l a t e r ,  4  ounces o f  A-4 

were app l i ed .  Th i s  method of  f e r t i l i z a t i o n  r e s u l t s  i n  138 l bs /A  o f  n i t r o g e n ,  
-. 

30 lbs /A  o f  phosphorus, and 148 lbs /A  o f  potassium. Costs a r e  $94 pe r  acre. 

f o r  m a t e r i a l s  and $130 pe r  ac re  f o r  two hand a p p l i c a t i o n s .  

I n  Ka'u,  t h e  l e v e l  o f  a v a i l a b l e  n i t r o g e n ,  phosphorus, and potass ium i n  

t h e  s o i l  i s  much g r e a t e r  than a long  t h e  Hamakua coas t ,  perhaps due t o  

t he  l owe r  r a i n f a l l  and l e s s  leach ing .  The t r e e s  appear very  h e a l t h y  and 

lower  r a t e s  o f  f e r t i l i z e r  ove r  t h e  e n t i r e  r o t a t i o n  w i l l  be r e q u i r e d .  The 

reduced c o s t  o f  f e r t i l i z a t i o n  may more than  compensate f o r  t h e  h i g h e r  cos ts  

o f  p l a n t i n g .  

' ~ r a d e  names a r e  used s o l e l y  t o  p rov ide  s p e c i f i c  i n f o r m a t i o n .  Ment ion o f  
a  t r a d e  name does n o t  imp l y  an endorsement. 



Ongoing research i s  be ing  conducted t o  examine t h e  e f f e c t s  o f  v a r y i n g  

l e v e l s  o f  n i t r o g e n ,  phosphorus, and potassium on t h e  growth o f  euca lyp tus  

seed l ings .  Fu tu re  research  w i l l  focus a t t e n t i o n  on t h e  p o s s i b l e  m e r i t s  o f  
. . 

rock  phosphate and l i m i n g .  F u r t h e r  work a l s o  needs t o  be done on c rop  

l o g g i n g  procedures, s i n c e  t h e  problems of l e a f  sampl i n g  i nc rease  p r o p o r t i o n -  

a t e l y  w i t h  t h e  h e i g h t  o f  t h e  t r e e s .  F i n a l l y ,  more economical methods o f  

f e r t i l i z e r  a p p l i c a t i o n  need t o  be looked  a t  t o  reduce man-hours requ i red .  

Ha rves t i ng  -~.--=---. , , 

A  computer search on h a r v e s t i n g  equipment has been c a r r i e d  o u t  by t h e  

I n s t i t u t e  o f  P a c i f i c  I s l a n d s  Fo res t r y ,  and l i t e r a t u r e  on t h i s  s u b j e c t  i s  

be ing  compi led. Also, a l l  ma jo r  h a r v e s t i n g  equipment companies i n  t h e  
. .. 

Un i t ed  S ta tes  have been con tac ted  f o r  equ i  pment s p e c i f i c a t i o n s  and ' recommen- 

da t ions .  BioEnergy Development Corpora t ion  i s  l o o k i n g  t o  t h e  U. S .  Fo res t  

Serv ice  f o r  t e c h n i c a l  e x p e r t i s e  i n  t h i s  area. A  v i s i t  by an equipment 

s p e c i a l i s t  i s  be ing  examined f o r  1981 o r  1982. 

Economic Ana l ys i s  

BioEnergy ' s  accountant, W. H. Jensen, i s  r e c o r d i n g  a1 1 t h e  economic da ta  

necessary t o  gauge t h e  c o s t / b e n e f i t  r a t i o  o f  t h i s  biomass p r o j e c t .  BioEnergy 

i s  work ing  w i t h  t h e  U. S. Fo res t  Se rv i ce  t o  use Dr. George Dutrow's  e x p e r t i s e  

on economic a n a l y s i s .  Dr. Dutrow (1971 ) has worked on t h e  economics o f  t he  

s i l a g e  sycamore concept and he p lans  t o  v i s i t  B ioEnergy 's  p r o j e c t  i n  1981 t o  

h e l p  s e t  up a  computer program f o r  economic a n a l y s i s .  



BUDGET 

The budget f o r  1980 was $546,315 made up o f  $505,070 o f  new a u t h o r i z a t i o n  

p l u s  a ca r r y -ove r  of $41,245 from 1979. Expendi tures t o t a l e d  $533,875 f o r  an 

underexpendi t u r e  o f  $1 2,440. 

Th i s  budget p rov ided  funds f o r  t h e  c l e a r i n g  and p l a n t i n g  o f  200 acres o f  

t r e e s  p l u s  maintenance on 100 acres p l  ante,d i n  1979. fin access road  i n t o  

one new area was completed. Expendi tures f o r  a d m i n i s t r a t i o n ,  f i e l d  supervi . -  

s~ ion ,  research and nu rse ry  ope ra t i ons  were g e n e r a l l y  on t a r g e t .  Expendi tures 

on weed c o n t r o l  exceeded budget by a cons iderab le  amount, b u t  were o f f s e t  by 

reduced expend i tu res  for,; c l e a r i n g  new areas. . ,I; , .  . 

The budget and ac tua l  expend i tu res  f o r  1980 a r e  summarized below: 

Budget Ac tua l  

S a l a r i e s  and Wages 
P a y r o l l  Benef i  t s  
i 4 d t e r i a l s  
T rave l  
Other  - Con t rac t  Serv ices  
Renta ls ,  taxes,  e t c .  
Carry  Over f r om 1979 

T o t a l s  $ 546,315 $ 533,875 



EXPERIMENTS IN PROGRESS O R  COMPLETED 
Hamakua Distr ic t  Studies 

Spacing Study a t  Akaka Falls 

The objective of th is  spacing study i s  t o  determine t h e  optimum spacing 

of Eucalyptus saligna for  an intensive, short-rotation (5 to  7 years) biomass 

energy plantation along the Hamakua coast; 

Materials and Methods --.-..-- 

Eucalyptus saligna t rees  were outplanted a t  four different  spacings in 

April, 1979. The spacings are: lm x 2 m ,  2 m  x 2 m y  2 m  x 2.5my and 1 . 2 m  x 2.5m. 

This experiment fol 1 ows' a' randomized complete bl$ck design with 4 ,  treatments 

and 5 rep1 icates .  

Each plot i s  approximately 3Um x 30m, with 496 t rees  a t  the closeslt 

spacing and 338, 256, and 208 t rees  a t  progressively wider spacings. The 

inner 49 t rees  wei~e measured for  height and diameter breast high (dbh), with 

border rows of 6 meters. Biomass equations will be generated in 1981 a f t e r  

2 years of growth, and dry weight yields will be estimated per acre. 

Results and Discussion 

Increased t ree densiiy tended to resu l t  in increased t ree  height and 

diameter breast high a t  6 ,  12, and 20 months a f t e r  outplanting (Graph 1 ). 

Trees a t  the lm x 2m spacing were s ignif icant ly t a l l e r  than t rees  a t  the 

two widest spacings (95% probabi 1 i  ty  1 eve1 ) , however the i r  diameter breast 

high was n o t  signif icant ly different  from the other treatments. 

The greater heights a t  the closer spacings could be expected, due to 

competition for  l i g h t . .  The diameters also tended to be greater a t  the 

closer spacings. This e f fec t  may be due to the early canopy closure a t  the 

closer spacings and subsequent decreased weed competition in these plots. 

- 26 - 



Spacing,  m2 

Graph 1. Tree h e i g h t  and d i a m i t e r  b r e a s t  h i g h  o f  Eucalyptus s a l i g n a  
20 months a f t e r  o u t p l a n t i n g  a t  f o u r  d i f f e r e n t  spacings a long  t he  
Hamakua coast .  



F e r t i l i z e r  NP T r i a l  a t  Akaka F a l l s  

The o b j e c t i v e  of t h i s  exper iment i s  t o  determine t h e  optimum l e v e l s  

o f  n i t r o g e n  and phosphorus f e r t i l i z e r s  f o r  t h e  es tab l i shment  and growth o f  

E. s a l i g n a  a long  t h e  Hamakua coast .  

M a t e r i a l s  and Methods 

The E. s a l i g n a  t r e e s  were o u t p l a n t e d  i n  August, 1979 a t  a  1.5m x  1.5m 

spacing. T h i s  exper iment has randomized complete b l o c k  des ign w i t h  1 6  t r e a t -  

ments and 4 rep1 i c a t e s .  The 16 fertil i z e r  t rea tments  a r e  a  4  x  4 f a c t o r i a l  

w i t h  4 l e v e l s  o f  n i t r o g e n  and 4  l e v e l s  o f  phosphorus (Tab le  8) .  

The t reatments  were a p p l i e d  t h r e e  t imes:  a t  o u t p l a n t i n g ,  6  months, 

and 15 months l a t e r .  Dur ing t h e  f i r s t  year ,  t h e  f o u r  r a t e s  o f  n i t r o g e n  

a p p l i e d  were 0, 98, 198; and 296 kg/ha. The 'feu; r a t e s  o f  phosphdrus a p p l i e d  

were 9, 116, 234, and 350 kg/ha i n  t h e  f i r s t  yea r  (Tab le  8 ) .  

Each p l o t  i s  13.5m x  13.5m w i t h  81 t r e e s  p e r  p l o t .  The i n n e r  25 t r e e s  

were measured w i t h  2  b0rde.r . rows remaining. 

Resul t s  and Discuss ion 

N i t r ogen  appears t o  be t h e  p r imary  l i m i t i n g  n u t r i e n t  a long  t h e  Hamakua 

coast.  Eucalyptus s a l i g n a  showed a  tremendous p o s i t i v e  growth response t o  . 

t he  a d d i t i o n  of  urea (Graphs 2, 3 ) .  He igh t  and .d iameter  b r e a s t  h i g h  a t  3, 

6, 9, 12, and 15 months a f t e r  o u t p l a n t i n g  inc reased  s i g n i f i c a n t l y  ' (95% l e v e l  ) 

w i t h  i n c r e a s i n g  amounts of  a p p l i e d  phosphorus, p a r t i c u l a r l y  a t  t h e  h i ghes t  

l e v e l  o f  n i t r o g e n  (Graphs 2, 3 ) .  The e f f e c t  o f  phosphorus on t r e e  h e i g h t  

and d iameter  was s i g n i f i c a n t  (95% l e v e l  ) a t  3, 6, and 9  months, however t h e  

e f f e c t  was n o t  s i g n i f i c a n t  a t  12 and 15 months a f t e r  o u t p l a n t i n g .  

I n t e r a c t i o n  between n i t r o g e n  andv phosphorus was a1 so s i g n i f i c a n t  (95% 

l e v e l )  a t  3, 6, 9, 12, and 15 months. Th i s  i n t e r a c t i o n  e f f e c t  seemed t o  be 
., 

due t o  a n i t r o g c n  t h r c s h o l d  ncccssary f o r  a  phosphorus rcsponse. 



T a b l e  8. Races and Costs p e r  Hec ta re  f o r  One A p p l i c a t i o n  o f  t h e  F e r t i l i z e r  Treatments  i n b t h e  
F e r t i l i z e r  t4P T r i a l  a t  Akaka F a l l s  

Urea,  Tsp, . KC1, N, P20S K2° Cost  , Cost  , 
Treatment  g,'t r e e  g / t r e e  g/ t r e e  kg/ha kg/ha kg/ha $/ha $/A 



N P Fert i l izer T r i a l  ' -  Akuka Falls 

Graph 2 .  Height of Eucalyptus sal igna t r e e s ,  15 months a f t e r  outplanting 
a t  4 levels  of urea (3, 25-,  50,  and 75 g / t r e e )  and 4 levels  of 
t r e b l e  superphospate ( 0 ,  30, 60, and 90 g / t r e e ) .  
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N P . Fertilizer Trial . Akaka Falls 
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T S P :  added, g /  tree 

Graph 3. ~ i a m e t e r  breas t  high of Eucalyptus s a l i  na t r e e s  15 months 
a f t e r  outplanting,  a t  4 levels  of urea -+- 0 ,  25, 50, and 75 g j t r e e )  
and 4 level  s of t r eb l e  superphosphate ( 0 ,  30, 60,  and 90 g / t r e e )  . 



The l e v e l  o f  t o t a l  n i t r o g e n  i n  t h e  Hamakua s o i l s  d o e s n ' t  i n d i c a t e  a  

n i t r ogen -poo r  s i t e  (Tab le  4 ) ,  however t h e  h i g h  annual r a i n f a l l  (5,080mm) 

p robab ly  leaches away a  l a r g e  p r o p o r t i o n  o f  t h e  a v a i l a b l e  n i t r o g e n .  The 

resu l  t s  o f  t h i s  exper iment  show t h a t  300 kg/ha o f  n i t r o g e n  combined w i t h  

300 kg lha  of  phosphorus i s  optimum f o r  E. s a l g i n a  growth i n  t h e  f i r s t  yea r  

a long  t h e  Hamakua coast.  

Economic cons ide ra t i ons  i n  f e r t i l i z a t i o n  w i l l  be examined more c l o s e l y  

i n  1981. Biomass equat ions w i l l  be generated, f i b r e  y i e l d s  w i l l  be e s t i -  

mated, and f e r t i l  i z e r  cos ts  w i l l  be eva lua ted  i n  terms o f  economic r e t u r n s .  

Fu tu re  f e r t i l i z e r  research  a long  t h e  Hamakua coas t  w i l l  a l s o  l o o k  a t  

t he  p o s s i b i l i t y  o f  a p p l y i n g  rock  phosphate b e f o r e  p l a n t i n g ,  so t h a t  o n l y  
. . 

urea and m u r i t e  o f  potash wi l .1  need t o  be a p p l i e h  a f t e r  p l a n t i n g .    his 

method o f  f e r t i l  i z a t i o n  w i l l  e l i m i n a t e  problems o f  incompat i  b i l  i t y  between 

urea and t r e b l e  superphosphate, which make commercial NPK mixes o f  h i g h  

n i t r o g e n  a n a l y s i s  i m p r a c t i c a l  . 
Species T r i a l  a t  Onomea 

The o b j e c t i v e  o f  t h i s  ,exper iment i s  t o  determine t h e  b e s t  t r e e  spec ies 

f o r  a  biomass p l a n t a t i o n  a long  t h e  Hamakua coast.  

Ma te r i  a1 s  and Methods 

Ten spec ies o f  euca lyp ts  and leguminous t r e e s  were o u t p l a n t e d  a t  a  1.5m x  

1.5m spacing i n  August, 1979. The spec ies are:  E. sa l i gna ,  E. grandis ,  

E. u rophy l l a ,  E. d u n i i ,  E. camaldulensis,  E. c i t r i o d o r a ,  E. robusta,  E. g lobu lus ,  

Acacia melanoxylon, and A1 b i z i a  f a1  c a t a r i a .  

Each p l o t  i s  9m x  9m and con ta ins  36 t r ees ,  excep t  f o r  E. g l obu l  us which 

has 12 t r e e s  and E. camaldulens is  which has 24 t r ees .  The i n n e r  16 t r e e s  i n  

a. p l o t  were measured w i t h  1  border  row remaining, excep t  f o r  E. g l obu lus  p l o t s  



where 8 t r e e s  were measured and E. camaldulens is  where 12 t r e e s  were measured. 

The exper imenta l  des ign i s  a  randomized complete b l o c k  des ign w i t h  10 t r e a t -  

ments and 4 r e p l i c a t e s .  

Resu l ts  and Discuss ion 

E. c i t r i o d o r a  seed l i ngs  had a v e r y  low s u r v i v a l  r a t e  ( l e s s  than  10  pe r -  

cen t )  and thus  no f u r t h e r  measurements were taken. 

Twelve months a f t e r  o u t p l a n t i n g ,  A l b i z i a  f a l c a t a r i a  had a s i g n i f i c a n t l y  

g r e a t e r  d iameter  b r e a s t  h i g h  (95%' l e v e l  ) than  a l l  t h e  o t h e r  species,  and a 

s i g n i f i c a n t l y  g r e a t e r  h e i g h t  than  a l l  t h e  o t h e r  spec ies except  E .  s a l i g n a  

(Graph 4 ) .  I n  t h i s  area o f  h i g h  annual r a i n f a l l  (5,080mm) and excess ive 

l each ing  o f  n i t r o g e n ,  a  legumin ious t r e e  such as A l b i z i a  seems t o  have a 

?. 
g r e a t e r  growth advantage o v e r '  t h e  euca lyp ts .  ' 

, .  

However, A1 b i z i a  f a1  c a t a r i a  has two disadvantages: 1  ) qow s p e c i f i c  

g r a v i t y  and 2)  a  tendency f o r  branching. Ha rves t i ng  an excess i ve l y  branched 

t r e e  t r u n k  may be t o o  t ime  consuming a t a s k  t o  be economical. 

Species Mix T r i a l  a t  Onomea 

The o b j e c t i v e  o f  t h i s  exper iment i s  t o  determine t h e  advantages and 

disadvantages o f  i n t e r p l a n t i n g  leguminous t r e e s  w i t h  euca lyp ts .  It i s  

hypothes ized t h a t  t h e  leguminous t r e e s  w i l l  share t h e i r  " f i x e d "  n i t r o g e n  w i t h  

t h e  euca lyp ts  th rough l e a f  l i t t e r  and r o o t  decay, and h e l p  i nc rease  s o i l  

f e r t i l  i ty. 

M a t e r i a l s  and Methods 

The euca lyp ts  and leguminous t r e e s  were o u t p l a n t e d  a t  a  2m x 2m spacing 

i n  August, 1979. The euca l yp t  spec ies a re  E. s a l i g n a  and E. g rand is ,  w h i l e  

t h e  1 egumi nous t r e e  spec ies a re  Acacia me1 anoxyl  on and A1 b i z i a  f a1  c a t a r i a .  

Th i s  exper iment has a randomized complete b l o c k  des ign w i t h  3 t rea tments  
., 

and 3 rep1 i c a t e s .  The t h r e e  t rea tments  a r e  pure Eucalyptus,  Eucalyptus 



Onornea Species Trial 

Graph 4 .  He igh t  and d iamete r  b r e a s t  h i g h  12 months a f t e r  o u t p l a n t i n g  
o f  10 d i f f e r e n t  spec ies o f  euca lyp tus  and leguminous t r e e s .  



i n t e r p l a n t e d  w i t h  Acacia,  and Eucalyptus w i t h  A l b i z i a .  Each p l o t  i s  a t  l e a s t  

0.4 hectares,  and 49 t r e e s  were sampled f rom each p l o t .  

Resul t s  and Di scuss i  on 

No s i g n i f i c a n t  d i f f e r e n c e s  i n  h e i g h t  o r  d iameter  o f  euca l yp t s  were found 

12 months a f t e r  o u t p l a n t h g .  However, one yea r  i s  t o o  e a r l y ' t o  expec t  a s i g -  

n i f i c a n t  t r a n s f e r  of n i t r o g e n  from t h e  legumes th rough l e a f  1  i t t e r  o r  r o o t  

decay. Fo l  i a r  a n a l y s i s  does suggest t h a t  some n i t r o g e n  i s  be ing  t r a n s f e r r e d  

from t h e  legumin ious t r e e s  t o  t h e ' e u c a l y p t s .  

One'major problem i n  t h e  managemen.t o f  i n t e r p l a n t e d  t r e e s  i s  t h a t  one 

spec ies may outcompete t he  o the r .  The A l b i z i a  t r e e s  have grown so r a p i d l y  

t h a t  t h e y  a re  shading o u t  t h e  l ight -demanding euca l yp t s  and caus ing them t o  
. .. 

d i e  back. One s o l u t i o n '  t o  t h i s  problem i s  t o  reduce t h e  number o f  i n t e r p l a n t e d  

A l b i z i a  so t h a t  shading of euca lyp ts  i s  no l o n g e r  a  problem, and an exper iment  

i n  1981 w i l l  l o o k  a t  d i f f e r e n t  r a t i o s  o f  1e.gumes t o  euca lyp ts .  

He rb i c i de  Screen T r i a l  I a t  Kamae 

The o b j e c t i ~ e  o f .  t h i s  exper iment  was t o  i d e n t i f y  t h e  most p rom is i ng  

pre-emergent h e r b i c i d e s  t o  use as a  p r e p l a n t  t r e a t n e n t  f o r  weed c o n t r o l  i n  a  

euca lyp tus  biomass. ? l  a n t a t i p n .  

M a t e r i a l s  and Methods 

Th i s  exper iment  t e s t e d  8  d i f f e r e n t  h e r b i c i d e s  a t  v a r y i n g  r a t e s  f o r  a  

t o t a l  o f  18 t reatments .  The h e r b i c i d e s  appl  i e d  were T O K ~ ,  ~ t r a z i n e l  ,   ref 1  an1, 

~ i m a z i n e l  , ~ e n c o r l  , ~ o n s t a r l  ,   act hall , and a  ~ a r a ~ u a t l  + Simazine m ix tu re  

(Table 9 ) .  

The h e r b i c i d e s  were a p p l i e d  manual ly  w i t h  a  p ressu r i zed  sprayer  i n  

December, 1979. Three increments o f  E. g rand is  seed1 i ngs were o u t p l a n t e d  

., 

l ~ r a d e  names a r e  used s o l e l y  t o  p r o v i d e  s p e c i f i c  i n f o rma t i on .  
Ment ion o f  a t r a d e  name does n o t  imp l y  endorsement. 



Table 9. Rates and Effects  of Herbicide Treatments 

Treatment Effect  
Rates (a .  i . ) T  Rates (a .  i . )I 
kg/ha 1 bs/A 

1.  TOK WP50 

2. TOK WP50 

3. Atrazine 80W Pre-and pos t-emergent 3.6 3.2 

4. Atrazine 80W Pre-and post-emergent 7.2 6.4 
. . 

5. Atrazine 80W Pre-and post-emergent 10.8 9.6 

6. Tre f lan .  Pre-emergent 0.G 0.5 

Tref 1 an 

Trefl an 

Si mzai ne 50WP 

Simazine 50WP 

Sencor 

Sencor 

Rons t a r  

Ronstar 

Pre-emergent 

Pre-emergent 

Pre-and post-emergent 

Pre-and post-emergent 

Pre-emergent 

Pre-emergent 

15. Dacthal Pre-emergent 16.8 15.0 

16. Paraquat CL + 
Simazine 50WP Post-and Pre-emergent 0.1 + 2.2 0.1 + 2.0 

17. Check 

18. Check 

l ~ c t i v e  ingredient  i s  abbreviated as a.  i . 



one week apart  a t  a 1.5m x 1.5m spacing, beginning a week a f t e r  the herbicide 

application. 

The experiment design i s  a randomized complete block design, with 18 

treatments and 4 replicates.  Plot s ize  was 4.5m x 7.5m with a 0.75m boarder. 

The plots were observed monthly and ratings were given for  weed control,  

based on the percentage of area covered by broad leaf weeds and grasses. 

Phytotoxi ci t y  ratings were a1 so determined for  the E .  grandi s seed1 i ngs. 

'Results'and Discussion . < 

The problem weeds in the experimental area were primarily broad leaf 

annuals such as ageratum (Ageratum conyzoides) and f i r e  weed (Erechti tes  

h ierac i fo l ia ) .  Treatments of Atrazine a t  7.2 and 10.8 kg/ha ( a .  as well 
. .. 

as Simazine a t  4.5 kg/ha (a; i . ; ) l  and Sencor a t  5?6 kcj/ha ( a . i  . ) l  showed good 

control of weeds b u t  also a high degree of phytotoxicity in Eucalyptus grandis 

3 months a f t e r  outplanting. Thus, these treatments are  not considered fur ther  

as clean f ie lds  are not desired a t  the expense of the t rees .  

Atrazine a t  3.6 kglha ( a .  ? Sencor3 a t  i:.8 kg/ha (a .  i .  ) , Simazine a t  

2 .2  kg/ha ( a ) ,  and a Paraquat + Simazine mixture a t  0.1 + 2 . 2  kg/ha ( a . i . ) '  

showed good control of broad leaf annuals as well as good control of annual 

grasses a t  3 months (Graphs 5, 6,  7,  8 ) .  Of the above four treatments, 

Paraquat + Simazine had the lowest phytotoxic e f fec t  (Graph 9 ) .  TOK, Treflan, 

Ronstar and Dacthal showed poor control of broad leaf  weeds a f t e r  3 months 

b u t  acceptable control of grasses present (Graphs 5, 6, 7 ,  8 ) .  

Table 10 shows a breakdown in cost per hectare for  each type of herbi- 

cide appl ied. Of the four promi sing treatments (Atrazine, Simazine, Sencor, . .  

and Paraquat + Simazine), Sencor was the most expensive, while Simazine was 

the least  expensive. 

' ~ c t i  ve ingredient i s  abbreviated as a.  i . 



WEED CONTROL - GRASSES 

'49 d9  d3 RAINS 14'3 

,DAYS AFTER TREATMENT APPLIED 

Graph 5 .  Ratings f o r  control  of seeding g ras ses  with 1 a s  100% 
weed cover  and 9 a s  1 %  weed cover.  Ratings of 7 o r  
g r e a t e r  a r e  considered s a t i s f a c t o r y  weed c o n t r o l .  



WEED CONTROL. GRASSES 

DAYS AFTER TREATMENT APPLIED 

Graph 6 .  Ratings fo r  control of seeding grasses with 1 as 100% weed cover 
and 9 a s  1% weed cover. Ratings of 7 o r  g rea te r  arc  considcrcd ., 

sa t i s fac to ry  weed control .  



WEED CONTR O L  BROADL EAF 

I I I I 

43 63 3 3  RAINS I43 

DAYS AFTER TREATMENT APPLIED 

Graph 7 . Rat ings f o r  c o n t r o l  of b r o a d l e a f  weeds w i t h  1  as 100% weed cover  -. 

and 9 as 1% weed cover.  Rat ings o f  7 o r  gl-eate- a r e  considei;ed 
s a t i s f a c t o r y  weed c o n t r o l .  



Graph 8 .  Ratings f o r  control  of broadleaf weeds with 1 a s  100% weed cover 
dv~d 9 a s  1% weed cover.  Ratings of 7 o r  g r e a t e r  a r e  considered 
s a t i s f a c t o r y  weed cont ro l  . 
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PHYTOTOXIC EFFECT (before rains) 

5.0 
PHY TOTOX I C ITY 

Graph 9 . 

GRADING SYSTEM 

I I - no effect  

2 - v e r y  slight e f f e c t  

3 - s l i g h t  

planted 12/27 01. /02 . 01/09 

- 

- 

- 

PLANTING INCR EMEPJTS 
( treotments applied 1 2 / 1 9 / 7 9 )  

, 

. . 
4 -slight to moderatei 
5- rnodera te  
6 - severe 

TI1 7 -very severe 

8 -.dying, soma green 
T9 ..~-c o I or 

9 - d e e d ,  no green 

T3 

T9 

T3 
T I1 

TI 
-TI, 13, 16, 1 7 t  18 -T13,16,17 t 18 
I 2 3 

d 

Ratings for Phytotoxicity of E. Grandis 
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Table 10. Costs o f  He rb i c i de  Treatments. 

Rate ( a . i . )  
Treatment Chemi c a l  kg/ha Cost $/Acre Cost' $/ha 

3 A t r a z i n e  80 WP 3.6 $ 7.52 $ 18.58 

9 Simzaine 50 \dP 2.2 7.25 17.91 

11 Sencor . .. 2.8 55.25 136.52 
. . ! 

16 Paraquat CL' & 
Simazine 80 WP 0.1 + 2.2 11.79 29.13 

8 T r e f  1 an 4.5 40.49 1.00.05 

13 Ronstar 4.5 180.00 444.78 
- 



Paraquat + Simazine was s e l e c t e d  as t h e  most p romis ing  t r ea tmen t  due t o  

i t s  low p h y t o t o x i c  e f f e c t  on E. g rand i s  (Graph 9 ) .  The p l o t s  which r e c e i v e d  

Paraquat + Simazine showed no p h y t o t o x i c  e f f e c t  on t h e  t r ees ,  and t he  t r e e  

growth comparable t o  those  on t h e  check p l o t s .  

Simazine i s  t h e  a c t i v e  i n g r e d i e n t  i n  pr incep1,  and a  new 9 0 - c a l i b r e  

~ r i n c e ~ l h a s  been c l e a r e d  f o r  use i n  euca lyp tus  p l a n t a t i o n s  i n  a l l  s t a tes ,  

thereby making i t  more access ib le .  I t  was found t h a t  even 5 months a f t e r  

o u t p l a n t i n g  and f o l l o w i n g  heavy r a i n s ,  t h e  Paraquat + Simazine p l o t s  were 

s t i  11 acceptably ,  weed-free and t h e  t r e e s  were growing s a t i  s f a c t o r i  ly.  

He rb i c i de  Screening T r i a l  I 1  a t  Kamae 

The o b j e c t i v e  o f  t h i s  smal l  t r i a l  was t o  compare t h e  e f f e c t i v e n e s s  and 

r e s i d u a l  a c t i o n  o f  ~oundu'p a1 one and Roundup mixed  w i t h  t h e  pre-emergent 

he rb i c i des ,  Pr incep  and Gual . 
Ma te r i  a1 and Methods 

I 'n !Ju ly ,  1980, s i x '  h e r b i c i d e  t rea tments  (Table 11) were a p p l i e d  by  back- 

pack sprayers i n  p l o t s  measuring 15m x  4.5m. The h e r b i c i d e s  were a p p l i e d  

between t h e  rows o f  7 month-old Eucalyptus g rand i s  . t rees spaced a t  1.5m x  1.5m. . 

Since t h i s - w a s  s i n p l y  a  " sk i rm i sh "  t e s t ,  t h e r e  was o n l y  one r e p l i c a t e  o f  each 

t reatment .  

Observat ions were taken by  v i sua l '  assessment 1  and 2 months a f t e r  a p p l i -  

c a t i o n .  E f f e c t i v e n e s s  o f  weed c o n t r o l  as w e l l  as p h y t o t o x i c  e f f e c t  on t h e  

t r e e s  were eva l  uated. 

Resu l ts  and Conclusions 

I t  was no ted  t h a t  i n i t i a l  weed c o n t r o l  was good f o r  a l l  t rea tments  excep t  

those which had 0.8 kg/ha ( a . i  . )  o f  Roundup mixed w i t h  P r i ncep  and Dual .' 

- - 

l ~ r a d e  names a re  used s u l e l y  t o  p rov ide  speci f i e  i n f o r m a t i o n .  
Ment ion o f  a  t r a d e  name does n o t  imp l y  endorsement. 



Table 11. Rates p e r  Hectare of  He rb i c i de  Treatments. 

Roundup, P r i  ncep, Dual , 
Treatment kg/ha ( a . i . )  kg/ha ( a . i . )  kg/ha ( a . i . )  



Cont ro l  o f  grasses was poor p robab ly  because o f  t h e  adverse i n t e r a c t i o n  

between Roundup and t h e  c l a y  p a r t i c l e s  i n  Pr incep.  

The p l o t s  w i t h  1.7 kg/ha ( a . i  . )  o f  Roundup a lone showed good i n i t i a l  

weed c o n t r o l  , b u t  had an abundance o f  weed seed l i ngs  a f t e r  'one month. The 

p l o t s  which rece i ved  Roundup p l u s  pre-emergents were s t i l l  f r e e  o f  annual 

weed seed l ings  a f t e r  2  months. 

Trees i n  p l o t s  which rece i ved  Roundup p lus  pre-emergents d i d  show some 

i n t e r v e i n a l  ch l  o r o s i  s  , b u t  symptoms disappeared a f t e r  2 months. There was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  growth between t h e  a f f e c t e d  t r e e s  and t h e  c o n t r o l s .  

The use o f  Roundup mixed w i t h  pre-emergent h e r b i c i d e s  shou ld  be con- 

s i de red  as a  p o s t - p l a n t  t reatment ,  s i n c e  i t  c o n t r o l l e d  bo th  p e r n n i a l  grasses 

and broad l e a f  annual weeds a t  t h e  h i g h e r  r a t e  o f  1.7 kg/ha (a .  i . ) o f  Round- 

up. Th is  m i x t u r e  can be a p p l i e d  as needed u n t i l  t h e  crowns c l o s e  and weeds 

a re  no l o n g e r  a  problem. 

Comparison o f  -- F e r t i l i z e r  Type Study a t  Kamae 

Th is  s tudy  i n c l u d e s  two exper iments,  one on E. s a l i g n a  and one on 

E. g rand is .  The o b j e c t i v e  of t h i s  s tudy  i s  t o  i d e n t i f y  t h e  b e s t  f e r t i l i z e r  

f o r  t he  c o s t  ( s o l u b l e  versus slow re l ease )  f o r  euca lyp tus  growth a long  t h e  

Hamakua coast  o f  t h e .  I s l a n d  o f  Hawaii.  

Ma te r i  a1 s and Methods 

The E. s a l i q n a  and E. q rand i s  t r e e s  were ou tp l an ted  i n  January 1980 a t  

a  3m x  0.75111 spacing. Th is  s tudy  f o l l o w s  a  randomized complete b l o c k  des ign 

w i t h  f i v e  t rea tments  and f o u r  r e p l i c a t e s  on each o f  t he  two Eucalyptus spec ies.  

The f i v e  f e r t i l i z e r  t i ea tments  a re :  DC-153' (12-24-12) a p p l i e d  once: 

DC-153l a p p l i e d  tw ice ;  ~ s m o c o t e l  (14-14-14) a p p l i e d  once; ~ ~ r i f o r m l  (20-10-5) 

l ~ r a d e  names a re  used s o l e l y  t o  p rov ide  s p e c i f i c  i n f o r m a t i o n .  
Ment ion o f  a  t r a d e  name does n o t  imp l y  endorsement. 



applied once; and ~i troganol (3-4-25) applied once. Ferti 1 i zer costs are 

out1 ined in Table 12. Two applications of DC-153 were applied in one t rea t -  

ment, because the cost of DC-153. i s  half tha t  of any other f e r t i l i z e r .  The. 

f e r t i  1 i zer .rates are calculated to  give 54 kg/ha of ,nitrogen (48 1 bs/A) for  

each application. 

Each plot i s  approximately 27m x 7.5m, with two border rows on the 

narrow rows and a one border row on the side rows. Forty t rees  were measured 

for  height and diameter breast hi'gh: 

Results and Discussion 

No signif icant  difference in heights" among the f ive treatments (95% level ) 

was found a t  3 months; however, by 6 months, the Osmocote treatment resulted 

in signirficantly greater heights (95% level)  compa&d tb  a l l  the other t rea t -  

ments (Graphs 10, 11) .  This e f fec t  was probably due to the slow-release nature 

of Osmocote f e r t i l  i  zer. 

A t  s ix  months, one .of the DC-153 treatments received another dose of 

f e r t i l i z e r  and by 9 months, t h i s  treatment had s ignif icant ly greater heights 

and root co l la r  diameters (95% level)  compared to a l l  the other treatments 

(Graphs 10, 11) .  

Osmocote f e r t i l i z e r  was almost three times the cost of the soluble DC-153 

f e r t i l i z e r  (Table 12);  however, i t  did n o t  produce three times the t ree  growth 

(Graphs 10, 1 1 ) .  A second application of DC-153 cost less  than one applica- 

tion of Osmocote and resulted in s ignif icant ly greater heights and diameters 

(95% level) compared to  Osmocote. Based on economic considerations, Osmocote 

i s  not the optimum:.fertilizer for  a eucalyptus t r ee  plantation along the 

Hamakua coast. 

l ~ r a d e  names are .used solely to  provide spec i  Tic information 
Mention of a trade narrle does not imply endorsement. 



Comparison of Ferti l izers 

Graph 10. Comparison o f  h e i g h t s  o f  E. s a l i q n a  g i v e n  5 d i f f e r e n t  f e ' r t i l i z e r  
t ypes  a t  3, 6,  and 9 months a f t e r  o u t p l a n t i n g .  



Comparison of  Ferti l izers 

Graph 11. Comparison of  h e i g h t s  o f  E. g rand i s  g i v e n  5 d i f f e r e n t  f e r t i l i z e r  
types a t  3, 6, and 9 months a f t e r  o u t p l a n t i n g .  



Table - 1 2  Rates and costs  of f e r t i l i z e r s  used in the Comparison 
of F e r t i l i z e r  Type Study a t  Kamae 

Effective Cost Cost 
Treatment Fer t i l  i z e r  TY pe Duration -$/ha1 $ / A 1  

1 DC-153 So1 ubl e 2 mos. 192 ' 78 

2 DC-153 . Soluble 2 mos. 383 155 

3 Osmocote Slow-release 3-4 mos. 528 21 4 

4 Agri form Slow-release 1 year 762 309 

. . . . 

5 
- 

428 173 N i  trogano Slow-re1 ease 1 year ' 

. . . . . . 

l ~ o s  t f igures  i ncl ude.'materi a1 s .and .I abor . 



Agr i f o rm  and N i t rogano b o t h  performed very  p o o r l y  compared t o  DC-153 

and. Osmocote. These f e r t i l i z e r s  were 2  t o  3  t imes t h e  c o s t  o f  DC-153 (Tab le  

12) and d i d  n o t  produce even as much t r e e  h e i g h t  o r  d iameter  as one appl  i- 

c a t i o n  o f  DC-153 (Graphs 10, 1 1 ) .  

Species T r i a l  I 1  a t  Kamae 

The o b j e c t i v e  o f  t h i s  exper iment i s  t o  determine t h e  f a s t e s t  growing 

biomass :spet ies ' f o r  .an energy, p l a n t a t i o n .  a1 ong t h e  Hamakua coas t  .'of:'the 

I s l a n d  o f  Hawai i .  

Ma t e r i  a1 s  and Methods 

Ten Eucalyptus spec ies ,  and one ~ c a c i a  spec ies were o u t p l  anted i n  A p r i  1, 

1980. The spec ies a re : '  E. microcorys,  E.  ma iden i i ,  E. n i t e n s ,  E. sa l i gna ,  

E. dunii:, A. mangium, E. v i m i n a l i s ,  E. robusta,  ~ . ' ; u r o p h y l l a ,  E. g rand is  and 

E. bo t r yo ides .  

The exper iment  f o l l o w s  a  randomized complete b l o c k  des ign w i t h  e leven 

t rea tments  and f o u r  r ep l ' i ca tes .  P l o t  s i z e  i s  13.5m x 13.5m w i t h  81 t r e e s  

p e r  p l o t .  ':he i l i n e r  5x5 t r e e s  (25)  were measured f o r  h e i g h t  and d iameter  

w i t h  two border  rows. 

Resu l ts  and Discuss ion 

E. s a l  i gna  and E. urophy l  l a  had t h e  g r e a t e s t  he igh t s  a t  6 months (Graph 

12) ;  however, t h i s  d i f f e r e n c e  was n o t  s i g n i f i c a n t  (95% l e v e l ) .  No s i g n i f i -  

can t  d i f f e r e n c e  i n  h e i g h t  o f  t h e  e leven spec ies was found. 

The b l o c k  e f f e c t ,  however, was s i g n i f i c a n t  (95% 1  eve1 ) ' due t o  t h e  v a r i e d  

t e r r a i n  w i t h  t h e  exper imenta l  a r e a . .  Two b locks  were l a i d  o u t  on a  wet s i t e ,  

. u r~e  b luck  was on a..r iclge t o p  and t h e  f o u r t h  was on a 10% s lope.  

A1 1  t h e  species t e s t e d  grew bes t  on t h e  s lop ing ,  w e l l - d r a i n e d  s i t e .  

MoSt spec ies d i d  t h e  poores t  on t he  wet  s i t e s  excep t  f o r  E. d u n i i  and 

E. v im ina l  i s  which were s h o r t e s t  on t he  expose r i d g e  t a p  s i t e ,  
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Six  months i s  t o o ' e a r l y  t o  draw any conclus ions about t h e  f a s t e s t  

growing specjes a long t h e  Hamakua coast. However, w i t h  t h e  g rea t  v a r i a t i o n s  

i n  t e r r a i n  t h e  optimum species may vary  from f i e l d  t o  f i e l d  and even w i t h i n  

a f i e l d .  

Legume Ground Cover Screening T r i a l  I a t  Kamae 

The o b j e c t i v e  o f  t h i s  experiment was t o  determine t h e  legume ground 

cover species bes t  s u i t e d  f o r  i n t e r p l a n t i n g  i n  .a  eucalyptus t r e e  farm a long 

the  Hamakua coast. 

Ma te r i a l s  and Methods 

Eucalyptus g rand i s  was ou tp lan ted  i n  A p r i l  1980 a t  a  1.5m x 1.5m spacing. 

Treb le  superphosphate was broadcast a t  118 kg/ha t o  a i d  i n  t h e  establ ishment  

o f  the  legumes. Then legume seeds were coated w i t h  t h e  a p p r o p r i a t e  inocculum 

and broadcast by hand. 

Three d i f f e r e n t  legumes were tes ted ,  based on t h e  recommendations o f  t h e  

Soi 1  Conservation Serv ice and a P l a n t  I n t r o d u c t i o n  spec ia l  i s t ,  M r .  DeReath 

Palmer. Pai f a  wh i te  c l o v e r  ( T r i  f o l  i um repens) New Zeal and wh i te  c l o v e r  

( T r i f o l  i uni repens) and Seca S t y l o  (Sty losanthes guianensis)  were each. sowed 

a t  3.4 kg/ha. 

The experimental  design was a randomized complete b l o c k  w i t h  4 t reatments 

and 4 r e p l i c a t e s .  P l o t  s i zes  were 18m x 18m w' i th  144 t r e e s  per  p l o t .  Percent 

cover o f  the ground was measured w i t h  t h e  p o i n t - i n t e r s e c t i o n  method (Mue l le r -  

Dombois and E l  lenberg, 1974) . 
Resul ts  and Discussion 

None of t h e  legumes t e s t e d  were successfu'l i n  outcompeting t h e  weeds 

(Table 13) .  Percent cover ranged from 4 t o  13 and t h e  experiment was te rm i -  

nated due t o  t h e  poor legume establ ishment.  



Table 13. Percent cover of the ground by three  d i f f e r en t  legumes 
and various weed species.  

~ e ~ u m e l  Weed Species Bare 
Treatment % Ageratum,% Grass,% Other,% Ground,% 

New Zeal and white c lover  10.5 52.0 22.0 6.0 9.5 

Seca s t y lo  4.0 ' 49.5 19.0 12.5 15.0 

Haifa white clover 13.0 

Control 0.0 

lpercent  ground cover was determined by the  point - in tersect ion method 
(Muel ler-Domboi s and E l  1 enberg, 1974). 



Legume Ground Cover Screening Trial I1  a t  Kamae 

The objective of th i s  experiment was to  determine the legume ground 

cover species best suited for  interplanting in the eucalyptus t r ee  farm 

along the Hamakua coast. 

Material s and Methods 

Eucalyptus salicjna was outplanted in October 1980 a t  a 3m x 0.75111 spacing. 

Treble superphosphate was broadcast a t  118 kg/ha to  aid in the establishment 

of the legumes. Legume seeds were coated with the appropriate inocculum and 

broadcast by hand.  

Three different  legumes were tested, one a repeat from the f i r s t  screening 

t r i  a1 . New Zeal and white clover (Tri fol i um repens)and Bi rdsfoot t re fo i  1 

(Lotus cornicul a tus)  were sowed a t  6.7 kg/ha. Lana 'vetch. (Vicia desycarpa).; 

was sowed a t  27 kg/ha and 54 kglha. 

The experimental design was a randomized complete block with 5 t r ea t -  

ments and 4 replicates.  The plot s ize  was 9m x 9m with 52 trees per plot. 

Percent cover of the ground was measured with the point-intersection method. 

Results and Discussion 

Lana vetch a t  the higher seeding r a t e  of 54/kg/ha grew vigorously and 

covered 41% of the area (Table 14).  However, the remaining percentage of 

ground was covered with seeding grasses and broad 1eaf.weeds. 

Birdsfoot t re fo i l  did poorly, covering only 9% of the area, while New 

Zealand white clover covered only 13% of the area (Table 14) .  

Part of the problem in legume establishment i s  the method of hand 

broadcasting the seed. A mechanical means of broadcasting the seed might 

resu l t  in a more even distribution and a higher percent cover of the total  

area. 



Table 14. Percent cover  o f  t he  ground by th ree  d i f f e r e n t  legumes. 

Percentage Cover 

Legume I. I I. I I I I V Ave . 
Contro l  -none(27 kg/ha) 0 0 0 0 0 

Lana vetch 48 3.0 8 40 3 1 

Lana vetch (54 ,kg/ha) 3 6 5 6 24 5 0 4 1 

B i r d s f o o t  T r e f o i l  10 10 2 16 9 

N. Z. wh i t e  c l o v e r  30 4 14 6 13 



Osmocote F e r t i  1  i z e r  T r i a l  a t  Kamae 

The o b j e c t  o f  t h i s  exper iment was t o  compare slow re l ease  ( 1  yea r )  

Osmocote (17-7-12) w i t h  s o l u b l e  DC-141 (14-14-14) f e r t i l i z e r .  

M a t e r i a l s  and Methods 

Eucalyptus s a l i g n a  t r e e s  were o u t p l a n t e d  i n  September 1980 a t  a  1.5m x  

1.5m spacing. The f e r t i l i z e r  t rea tments  were p laced  i n  a  h o l e  4-6" f r om 

t h e  seed l ings  and covered. The 3 t rea tments  were 93 g / t r e e  o f  DC-141, 156 

g / t r e e  o f  DC-141 and 153 g/.tree of  Osmocote (Tab le  15) .  The DC-141 t r e a t -  ' 

ments w i l l  be repeated 6  months a f t e r  o u t p l a n t i n g .  

The exper imenta l  des ign f o l  1  ows a  randomi zed complete b l o c k  des ign 

w i t h  3 t rea tments  and 4  r e p l i c a t e s .  P l o t  s i z e  i s  16.5m x  16.5m w i t h  121 

t r e e s  p e r  p l o t .  There were 3 border  rows and t h e  i n n e r l 5 x 5  t r e e s  weke 

measured f o r  h e i g h t  and diameter.  

Resul t s  and Discuss ion 

No s i g n i f i c a n t  d i f f e r e n c e  (95% l e v e l )  was found i n  t r e e  he igh t s  f o r  t h e  

t h ree  t rea tments  a t  3  months. Th i s  i s  t o o  e a r l y  t o  eva lua te  t he  e f f e c t i v e n e s s  

o f  these  f e r t i l i z e r  t reatments .  

F e r t i l i z e r  NPK T r i a l  a t  Al~iauul u  

The o b j e c t i v e  o f  t h i s  exper iment  i s  t o  determine t h e  growth e f f e c t  on 

Eucalyptus s a l i g n a  o f  n i t r ogen ,  phosphorus, potassium, l i m e  and m i c r o n u t r i e n t s .  

M a t e r i a l s  and Methods 

Eucalyptus s a l  i y r la  was o u t p l a n t e d  i n  October, 1980 a t  a 1.5111 x 1.5r11 

spacing. The exper imenta l  des ign was a  randomized complete b l o c k  des ign w i t h  

12 t rea tments  and 4,. r e p l i c a t e s .  

The twe lve  f e r t i l i z e r  t rea tments  a r e  o u t l i n e d  i n  Table 16. These t r e a t -  

ments a re  based on r e s u l t s  f rom t h e  NP T r i a l  a t  Akaka F a l l s  where n i t r o g e n  

was found t o  be t h e  p r imary  1  i m i t i n g  i u t r i en t .  



Table 15. Comparison of f e r t i l i z e r  r z t e s  and c o s t  of DC-141 and Osmocote. 

- - - - - - - - - 

Fer t i  1 i z e r  Rates, P2O5 9 K20, Fer t i  1 i z e r  Appl i ca t ion  Total Costs,  
1 bs /A-yr. N ,  IbslA-yr. 1bslA-yr. lbs/A-yr. Costs, $/A Costs,  $ / A  $1 A 

Osmocete (17-7-121 588 100 4 1 7 1 431 .OO 48.50 479.50 



Table 16.  Rates of f e r t i l i z e r  used in the  N P K  experiment a.t Arnauulu. 

Urea, TS P KCL ' Dolomite Micro Max, 
Treatment F e r t i l i z e r  g / t ree  g / t r e e  g / t r e e  g / t r e e  g/ t r e e  

1 0 0 0 0 0 0 

2 N 1  2 5 0 0 0 0 

12  NIPIKl+l ime+ 25 30 2 0 70 10 
. m i  cronutri  en t s  



P l o t  s i z e  i s  13.5m x 13.5m w i t h  81' t r e e s  p e r  p l o t .  The i n n e r  25 t r e e s  

w i l l  be measured w i t h  2 border  rows remain ing.  

Resu l ts  and Discuss ion 

No measurements were taken i n  1980. 

Seed l ing  Conta iner  S i z e  T r i a l  a t  Amauulu 

The o b j e c t i v e  o f  t h i s  exper iment i s  t o  compare t h e  s u r v i v a l  and i n i t i a l  

f i e l d  growth o f  Eucalyptus s a l i g n a  r a i s e d  i n  3  d i f f e r e n t  s i zes  o f  p l a s t i c  

d i bb les .  

l i l a te r i  a1 s  and Meth- 

The E. s a l i g n a  t r e e s  were o u t p l a n t e d  i n  October, 1980 a t  a  1.5m x 1.5m 

-spac ing .  Three s i zes  o f  p l a s t i c  d i b b l e  tubes were used t o  r a i s e  t h e  seed l i ngs  
. . 

i n  the  nursery .  " ~ i n e " ;  c e l l s .  a re  66 cub i c  centi:meters', "Super" c e l l s  a re  

964 cub i c  cen t imete rs  and "Stubbies"  a re  131 cub i c  cen t imete rs .  

The exper imenta l  des ign i s  a  randomized complete b l ock  w i t h  3  t r e a t -  

ments and 4 r e p l i c a t e s .  P l o t  s i z e  i s  16.5m x 16.5m w i t h  121 t r e e s  p e r  p l o t .  
-. 

The i n n e r  5x5 t r e e s  w i l l  be measured w i t h  3  border  rbows remaining. 

Resul t s  and Discuss ion 

No measurements were taken  i n  1980. 



K A ' U  DISTRICT STUDIES 

Spacing Study a t ' K a 1 u  

The o b j e c t i v e  o f  t h i s  experiment, i s  t o . d e t e r m i n e  t h e  optimum spacing 

o f  Euc lyptus s a l i g n a  f o r  an i n t e n s i v e ,  s h o r t - r o t a t i o n  (5-7 yea rs )  biomass 

energy p l a n t a t i o n  i n  Ka'u.  

M a t e r i a l s  and.Methods . . . .  . 

The E. s a l i g n a  - t r e e s  were ou tp l an ted  i n  September, ' l979 a t  4 d i f f e r e n t  

spacings. The spacings a re :  l m  x  2m, 2m x 2m, 2m x  2..5m, and 1.2m x  2 . 5 ~ .  

The exper iment f o l  lows a  randomized complete b l o c k  des ign w i t h  4 t r e a t -  
. .. 

ments and 4 rep1 i c a t e s .   hepl plot s i z e  i s  appfox i inate iy  26m x  30m w i t h  390 

t r e e s  a t  t h e  c l o s e s t  spac ing and 260, ,195, and 156 t r e e s  a t  p r o g r e s s i v e l y  

w ide r  spacings. The i n n e r  50 t r e e s . w e r e  measured, l e a v i n g  a  b u f f e r  zone 

4 meters wide. 

Resu l ts  and D iscuss ion  

No s i g n i f i c a n t  d i f f e r e n c e  (95% l e v e l )  i n  h e i g h t  o r  d iameter  b r e a s t  h i g h  

was found among t h e  t rea tments  12 months a f t e r  o u t p l a n t i n g .  There was 'no 

c o n s i s t e n t  t r e n d  w i t h  i n c r e a s i n g  t r e e  d e n s i t y ,  a l though t h e  two c l o s e s t  

spacings had t h e  g r e a t e s t  he igh t s  and d iameters  b r e a s t  h i g h  12 months a f t e r  

o u t p l  a n t i n g  (Graph 13) .  

Th i s  l a c k  o f  t rea tment  e f f e c t  may be due t o  t h e  l a r g e  percentage o f  

r e p l a n t s .  Seed l ing  diebacks were caused by d r y  weather c o n d i t i o n s  a t  t h e  

t ime o f  o u t p l a n t i n g  and l a t e r  weed problems. S u r v i v a l  i n  t h e  p l o t s  ranged 

f rom 38% t o  96%. 

A second spac ing s tudy  has r e c e n t l y  been i n s t a l l e d  i n  1981 and h o p e f u l l y  
., 

t h e  w e t t e r  w i n t e r  months w i l l  i nc rease  seed l i ng  s u r v i v a l .  



Spacing Study, Kau 

2 3 4 

Spacing, m 2 

Graph 13. H e i g h t  and d i a m e t e r  b r e a s t  h i g h  o f  E.  s a l i g n a  12 months a f t e r  
o u t p l a n t i n g  a t  4 d i f f e r e n t  spac ings .  



Eucalyptus-Legume Admixture T r i a l  a t  Ka 'u  

The purpose o f  t h i s  exper iment i s  t o  determine t h e  c o s t s  and b e n e f i t s  

of  i n t e r p l a n t i n g  Eucalyptus w i t h  leguminous t r e e s .  It i s  hypothes ized t h a t  

t h e  t r a n s f e r  o f  " f i x e d "  n i t r o g e n  f rom t h e  legumes th rough l e a f  l i t t e r  o r  r o o t  

decay w i  11 b e n e f i t  t h e  eucalyptus and i nc rease  s o i  1  f e r t i  1  i ty  . 

The euca lyp ts  and leguminous t r e e s  were ou tp l an ted  a t  a  1: 5m x 1.5m 

spacing i n  September, 1979. The exper imenta l  design.was o r i g i n a l l y  in tended 

t o  be a randomized complete b l o c k  des ign w i t h  6 t rea tments  and 4 r e p l i c a t e s .  

Un fo r t una te l y ,  due t o  poor  germina t ion  o f  A l b i z i a  seed, t h e  number o f  seed l ings  

was inadequate f o r  t h e  e n t i r e  exper iment.  Only 2  r e p l i c a t e s  were p lan ted ,  

and i t  was understood t h a t  t h i s  t r i a l  would be a t e s t  on l y .  

The 6 t r ea tn~e r l t s  are:  pure  E. g rand is ,  pure E. s a l  igna,  E. g rand i s  + 

A l b i z i a  ( a l t e r n a t e  rows) ,  E. g rand i s  .+ A l b i z i a  ( a l t e r n a t e  t r e e s ) ,  E. s a l i g n a  + 

A l b i z i a  (a1 t e r n a t e  rows) ,  and E. sa l  i g n a  + A l b i z i a  (a1 t e r n a t e  t r e e s ) .  The 

p l o t  s i z e  i s  24m x 24m w i t h  256 t r e e s  p e r  p l o t .  The i n n e r  49 t r e e s  were 

measured w i t h  4  border  rows remaining. 

Resu l t s ' and  Discuss ion 

Twelve months a f t e r  o u t p l a n t i n g ,  t h e r e  were no r e a l  growth d i f f e r e n c e s  

among t h e  6 t reatments .  No i nc rease  i n  f o l i a r  n i t r o g e n  o f  euca l yp t s  was 

observed i n  i n t e r p l a n t i n g s  w i t h  leguminous t r e e s .  However, one y e a r  i s  t o o  

soon t o  expect  s i g n i f i c a n t  t r a n s f e r  o f  n i t r o g e n  f rom t h e  legunies t o  t h e  

euca lyp ts .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  a t  t h e  Ka 'u  s i t e ,  t h e  euca l yp t s  were 

outcompet ing t h e  A l b i z i a  t r e e s  i n  c o n t r a s t  t o  t h e  s i t u a t i o n  a t  t he  Onomea 

s i t e .  A l though t o t a l  n i t r o g e n  l e v e l s  i n  t h e  s o i l  a r e  lower  a t  t he  Ka 'u  



s i t e  compared t o  t h e  Onomea s i t e  (Table 4 ) ,  t h e  l owe r  r a i n f a l l  and l e s s  l e a c h i n g  

a t  t h e  Ka 'u  s i t e  r e s u l t s  in ,  g r e a t e r  a v a i l a b l e  n i t o r g e n .  Thus, t h e  leguminous 

t r e e s  do n o t  have a  growth advantage over  t he  euca l yp t s  on t h e  Ka 'u  s i t e .  

~ e r t i l i z e r ' ~ ~ ' ~ r i a 1  . a t  Ka 'u  
. . 

The o b j e c t i v e  o f  t h i s  exper iment i s  t o  determine optimum l e v e l s  o f  

n i t r o g e n  and phosphorus f o r  t h e  growth. o - F ' E i ' s a l i g n a  on t h e  A lapa i  and 

K i l o a  s o i l  s e r i e s  i n  Ka'u. 

Ma te r i  a1 s  and Methods 

The E. s a l i g n a  t r e e s  were ou tp l an ted  i n  June 1980 a t  a  1.5m x  1.5m 

spacing. The exper imenta l  des ign  i s  a  randomized complete b l ock  des ign 

w i t h  16 t reatments  and 4  r e p l i c a t e s  on t h e  A lapa i  s o i l  s e r i e s  and 4  r e p l i c a t e s  

on t h e  K i l o a  s o i l  s e r i e s .  . . 

The 16 f e r t i l i z e r  t rea tments  a r e  a  4  x 4  f a c t o r i a l  w i t h  4  l e v e l s  o f  

n i t r o g e n  (0, 25, 50, and 75 b / t r e e  o f  urea)  and 4  l e v e l s  o f  phosphorus 

(0 ,  30, 60, and 90 g / t r e e  o f  t r e b l e  superphosphate) (Table 8 ) .  

Resul t s  and Discuss ion 

He igh t  a t  3 months tended t o  inc rease  w i t h  i n c r e a s i n g  l e v e l s  o f  n i t r o g e n  

(Graph 14) ;  however t h i s  e f f e c t  was n o t  s i g n i f i c a n t  (95% l e v e l ) .  No s i g n i f i c a n t  

response t o  phosphorus was observed; however a  s i g n i f i c a n t  (95% l e v e l  ) i n t e r -  

a c t i o n  e f f e ~ t  was found. 

A t  3  months, t he  t rea tment  w i t h  t h e  g r e a t e s t  h e i g h t  was 25 g / t r e e  o f  

urea p l u s  60 g l t r e e  o f  t r e b l e  superphosphate (Graph 14) .  These l e v e l s  o f  

n i t r o g e n  and phosphorus a r e  very  c l o s e  t o  t h a t  i n  t h e  s tandard  f e r t i l i z a t i o n  

p r a c t i c e  ( 1  13 grams/ t ree o f  DC-153). 

The requi rement  f o r  n i t r o g e n  and phosphorus a t  t h e  Ka 'u  s i t e  w i l l  

p robab ly  be much lower  than  a long  t h e  Hamakua coas t  because o f  t h e  h i g h e r  

s o i  1  f e r t i l  i t y  a t  Ka 'u  (Tab le  4 ) .  Three months, however, i s  t o o  soon t o  

draw conc lus ions  about t h e  r e q u i r e d  f e r t i l i z e r  amounts. 
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Species Screening T r i a l  a t  Ka 'u  

The o b j e c t i v e  o f  t h i s  exper iment i s  t o  determine t h e  optimum biomass 

species on t h e  A lapa i  and K i l o a  s o i l  s e r i e s  a t  t h e  Ka 'u  s i t e .  

Four spec ies o f  Eucalyptus and one .o f  Acacia were ou tp l an ted  a t  a  

1.5m x 1.5m spacing i n  June, 1980. The spec ies were: E. sa l i gna ,  

E. microcorys,  E. c i t r i o d o r a ,  E . b o t r y o i d e s ,  and A;..mangium. 

Th i s  exper iment f o l l o w s  a. randomized complete b l o c k  des ign w i t h  5 

t reatments ,  and 4 .rep1 i c a t e s  on t h e  K i  1  oa s o i l  s e r i e s  and 4 on t h e  A1 apai  . 

s o i l  s e r i e s .  P l o t  s i z e  i s  13.5m x 13.5111 w i t h  81 t r e e s  p e r  p l o t .  The 

i n n e r  25 t r e e s  a r e  measured, surrounded by 2 bo rde r  rows. 

~ e s u ' i  t s  and Discuss i o n  

Eucalyptus s a l i g n a  and E. c i t r i o d o r a  were s i g n i f i c a n t l y  t a l l e r  a t  6 

months (95% l e v e l )  than  t h e  o t h e r  t r e e  species (Graph 15) .  Next t a l l ' e s t  

was E. bo t r yo ides ,  which was s i g n i f i c a n t l y  t a l l e r  than  E. m ic rocorys .  

F i n a l l y ,  Acacia mangium was s i c j ~ i i f i c m t l y  s h o r t e r  a t  6 months (95% l e v e l  ) 

than  t h e  o t h e r  4 spec ies (Graph 15) .  
, 

S i x  months i s  t o o  e a r l y  t o  draw d e f i n i t e  conc lus ions  about t h e  f a s t e s t  

growing species.  A l l  t h a t  can be s a i d  i s  t h e  E. s a l i g n a  and E. c i t r i o d o r a  

had a very  r a p i d  i n i t i a l  growth. 



Kau Species Trial 

Graph 15 .  He igh t s  o f  f i v e  d i f f e r e n t  t r e e  spec ies a t  t h e  
K a ' u  s i t e .  



PROVENANCE STUDY 

A major  concern i n  biomass p l a n t a t i o n  es tab l i shment  w i t h  Eucalyptus 

spec ies i n  Hawaii i s  t h e  seed source o r  gene t i c  q u a l i t y  o f  t h e  seed. The 

sources and species o f  t he  o r i g i n a l  Eucalyptus i n t r o d u c t i o n s  a re  p o o r l y  

documented. Many p l a n t i n g s  were made by ranchers,  sugarcane growers and 

amateur h o r t i c u l t u r i s t s .  Of ten  severa l  spec ies were t r i e d  i n  t h e  same 

p l a n t i n g  and those t r e e s  t h a t  grew w e l l  here were used as sources o f  seed 

f o r  subsequent. p l a n t i n g s .  Thus i f  t h e  f l o w e r i n g  t imes  o f  va r i ous  spec ies 

over lapped t h e r e  was ample o p p o r t u n i t y  f o r  d i f f e r e n t  spec ies t o  h y b r i d i z e .  

And indeed many young Eucalyptus stands i n  Hawaii today a r e  v a r i a b l e  enough , 
t o  suggest t h a t  they  a r e  o f  i n t e r s p e c i f i c  o r i g i n ,  w h i l e  o t h e r  stands a r e  

h i g h l y  u n i f o r m  as though o f  c l o s e l y  r e l a t e d  ( o r  i n b r e d )  o r i g i n .  To beg in  

a t r e e  improvement program f o r  f as t -g row ing  Eucalyptus i t  seemed c l e a r  

t h a t  we would have t o  e s t a b l i s h  a more c l e a r l y  d e f i n e d  g e n e t i c  base. 

Our i n i t i ' a l  emphasis i s  on Eucalyptus s a l i g n a  and E. g rand i s .  - E. 

g r a n d i s  w i l l '  g i v e  ou r  program a source o f  d isease r e s i s t a n c e  t o  t h e  

Eucalyptus stem canker t h a t  i s  found i n  Kauai County, Hawai i .  

I n  1978, we began e s t a b l i s h i n g  smal l  rangewide provenance t e s t s  o f  

E. s a l i g n a  and E. g rand is .  We ob ta ined  from C S I R O ,  i n  A u s t r a l i a ,  10 

c o l l e c t i o n s  each o f  t h e  two species (Tab le  1 7 ) .  We ob ta ined  an a d d i t i o n a l  

15 E. g rand i s  c o l l e c t i o n s  made by I . . P .  Burgess near  Co f f s  Harbour, 

Queensland (Tab le  18 ) .  



As o f  January 1980, we have used these seeds t o  e s t a b l i s h  f o u r  t e s t  

p l a n t a t i o n s  on C. Brewer lands.  Two o f  t h e  p l a n t i n g s  a re  i d e n t i c a l .  They 

each c o n t a i n  t he  20 seed lo ts  f rom CSrRO (.Table 17) ,  and a re  l a i d  o u t  i n  

randomized complete b l ocks  w i t h  12 r e p l i c a t i o n s  o f  p l o t s  o f  f o u r  t r e e s  

each. The f i r s t  p l a n t i n g  ( e s t a b l i s h e d  i n  September 1979) i s  near  Akaka 

F a l l s ,  t he  n o r t h e a s t  coas t  a t  340 m  e l e v a t i o n  an area w i t h  5100-mm annual 

r a i n f a l l .  

The second p l a n t i n g  ( e s t a b l i s h e d  i n  November 1979) i n  t h e  Ka 'u  area 

i s  on t h e  southwest coas t  100 km south o f  t h e  f i r s t  s i t e  a t  about t h e  same 

e leva t i on ,  b u t  w i t h  o n l y  about 2500 mm annual r a i n f a l l .  The r a i n f a l l  i s  

f a i r l y  evenly  d i s t r i b u t e d  th roughout  t h e  y e a r  a t  bo th  s i t e s .  The mean 

annual temperature i s  about 2Z0 C a t  t h e  s i t e s  and n e i t h e r  s i t e  has 

ever  recorded a  temperature below 9' C. We p l a n  t o  e s t a b l i s h  two more 

p l a n t i n g s  o f  these same seed sources by June o f  1981. 

The t h i r d  e s t a b l i s h e d  p l a n t i n g  on Hawaii was p l a n t e d  i n  January o f  

1980 and c o n s i s t s  o f  t h e  10 CSIRO E. g rand i s  seed lo ts  (Tab le  17; and t h e  

15 Co f f s  Harbour E. g rand i s  seed lo t s  (Tab le  1 8 ) .  The 25 seed lo ts  a r e  

p l a n t e d  i n  ii comple te ly  randomized des ign  w i t h  95 r e p l i c a t i o n s  o f  1 - t r e e  

p l o t s .  The s i t e  i s  near  the  f i r s t  (Akaka F a l l s )  E. s a l i g n a l g r a n d i s  

p l a n t i n g .  We have repeated t h i s  s tudy i n  August o f  1980 nea r  Ka'u, 

b u t  w i t h  t h e  25 E. g rand is  seed lo ts  i n  12 rep1 i c a t i o n s  o f .  4 - t r e e  p l o t s .  

By t h e  midd le  o f  1981 we w i l l  have e s t a b l i s h e d  s i x  t e s t  p l a n t a t i o n s  

c o n t a i n i n g  ove r  8000 source i d e n t i f i e d  seed l ings .  

We have taken h e i g h t  measurements on t h e  two o l d e s t  p l  ant ings' .  a f t e r  

s i x  months and one y e a r  i n  t h e  f i e l d .  A f t e r  one y e a r  t h e  Ka 'u  p l a n t i n g  

o f  E. s a l i g n a  and E. g rand i s  averages about 2.4 t imes  t a l l e r  than t h e  



same seed 'sources p l an ted  a t  Akaka F a l l s .  Bu t  t h e r e  i s  ve ry  1  i t t l e  d i f f e r e n c e  

between t h e  spec ies o r  among t h e  seed.sources w i t h i n  e i t h e r  pTant ing .  The 

o v e r a l l  h e i g h t  o f  t h e  Ka'u p1antin.g i s  4.5 meters w h i l e  t h e  Akaka F a l l s  

' p l a n t i n g  averages 1.9 meters.  

Fu tu re  measurements w i l l  i n c l u d e  h e i g h t ,  d iameter  and wood dens i t y .  

We w i l l  w a i t  u n t i l  these f u t u r e  measurements a r e  completed b e f o r e  we 

deter in ine t h e  b e s t  s e l e c t i o n  c r i t e r i a  f o r  t r e e s  t o  use i n '  ou r  s h o r t  

r o t a t i o n  p l a n t a t i o n s .  



T a b l e  17. S e e d l o t s  o f  E u c a l y p t u s  s a l i g n a  and E. g r a n d i s  o b t a i n e d  f rom CSIRO, 
A u s t r a l i a ,  and  used  i n  p rovenance  tests ,  ~ a w a i i ,  1980 

CS IRO 
s e e d l o t  
number L o c a t i o n  

. . 
Mother 

~ a t O s  Long OE A l t  (m) trees 

E u c a l y p t u s  s a l i g n a  ' , 

7786 . Windsor N.S.W. . 3205S1 15g033 I 300 1 2  

10225 Cessnock N.S.W. 
. . 

32O54 I ,  151°2'4 300 ., 8 

10733 Raymond T e r r a c e  N.s.w. .32O42'  15.1°43 I 9 - 

7 8 0 8 ' .  B u l a h d e l a h  N.S.W. , ' 32O20 I 15'2012 ' 210 1 2  

11605 N. Raymond . T e r r a c e  31°55 ' 151°48 ' 225 39  

11894 G l a d f i e l d  Qld  28OOO I 152023 I 1020 - 
. .. 

11756 C l i f f o r d  Qld . "' . . 28030" ." 1 5 i 0 5 0  I 240 ! '. - 
: 12145 ' Connondale  Qld  26044 ' 152031  ' ' 600 - 

12064 S. o f  C a l l i o p e  Qld  24O23 I 151000 ' 800 . 1  

11025 S.W. Rockhampton Qld 23049 149O03' . 860 4 

- 
, E u c a l y p t u s  g r a n d i s  

' 7810 B u l a h d e l a h  N.S.W. ' 320201 ,152013 120  11 

7823 C o f f s  Harbour  N.S.W. 30°10 I 
. . 153008 ' 1 8  . 12 

11243 Tyalgum N. S.W. 28O27 ' 153O12 ' 100 6  

10774 E. o f  Gympie Qld  26O1.4 ' 152O47 ' 400 6 

12143 C r e d i t o n  Qld  21°09 ' . . 148O30' - 700 
. . 

9 

11035 N.w. o f  C a r d w e l l  Qld 18O08 145O37' ' 600 4 

12423 T i n a r o o  F a l l s  Dam 
a r e a  Qld ' 17O11 ' 145036 '  . 800 1 3  

12422 S.F.R. 310 Gadgar ra  17O15 ' - 145O42' 680 20 

Q l d  17O17 ' 700 

1 2 3 8 1  Wondecla a r e a  Qld  17O23 ' - 14S027'- .  980 13 
17O27' i45028 '  1040 

. . 
12409 Ravenshoe a r e a  Qld  17042 1 145028 '  940  2 6 



Tab1 e 18. Eucalyptus 'grandi s seedlots  from. Coffs Harbour Queens1 and, 

Austral i a ,  used in provenance studies.  in Hawai i , 1980. 

. . 

Locat ion  La t  i- Longi- A l t i -  Long. d i s t .  

Seed- o f  samp- tude  tude  tude . t o  s e a  

l o t Y  Catchment system ' Tr ibu ta ry  l i n g  s i t e  O s O E  . (m) ' (Km) 

EK . Hunter River 

EL Camden Haven - 
S tewar t s  River Complex 

Minmi 0 . 5  ' ~ m  3g052' . 151°39' ' 

Creek N.W.  of 
M ~ I I I I I ~  

Herons , 

Creek ' ' 

Queens 
Lake S.F.  

Dl Camden Haven - Black ~ o r n e  S.F.  31°39' 15Z032' ' 250 . 27.4 
S t e v a r t s  River Complex , Creek . . . 

, . . .  . . , . 

W Macleay R ive r  . Clybucca Tanban 30°52 ' 152053' 30 1 1 . 3  
Creek S.F. 

EO Macleay. River  Hickeys ' Nulla  Five  30'43' . 152O32' . 200 .41,8 
Creek days S.F. 

EP Nary River Yabba Brooloo 26O37' 152025' 519 67.6 
Creek ' S.F. 135 

EQ Clarence River  
(Orara Branch) 

ER Clarence  River' 
(Orara Branch) 

ES Clarence River  
(Orara Branch 

ET Clarence  River 
(Ilorthern Branch) 

EU C1;lrence. River  
(Nymboida Branch) 

EV Kalang River 

Halfway Newfound- . 
Creek 1 a n d S . F .  ' 

Taylor ' 

Creek 
Orara  Eas t  30°13 ' 153O06' 12  3 7.2 
S.F. 

1)ry Creck Orara  West 30°15' . 15ZU57' 183 
S.F. 

. . 
Bean Creek Yabba 

S.F. 

Mur'ura Wild C a t t l e  30°14' 152O51' 580 32.2 
Crcek Creek S.P. 

(Cascade) 

Lower Kalang ~ e w r ~  30°31' 152058 ' 6 15 .5  
River S.F. 

EV   el linger Rivcr  1 Km below Be l l i ngen  30°27 ! 15Z037' 100 66.0 
Dard.anelles Rivcr  

' 'Crcek S.F. 

t X  Bonv i l l e /P inc  
Creek 

. EY Donv i l l f lP ine  
Creck 

Lower P ine  Crcek 30024' 153O03' 6 3 .3  
Pine  Creek S.F. 

Upper Ronv i l l e .  Tuckcrs 30°72 ' 153OOO' 10 7 . 1 7 . 1  
Creek Knob S.F .  

~ ' ~ e o d l o r  l o t t c r o  nooigncd  by 1nsc i tu ; e  o f  Fores t  G e a e t i c i ,  P l ~ c e l v i l l e .  C a l l [ u ~ l i l a .  , 



NURSERY STUDIES 

Lime Plus M i c r o n u t r i e n t s  T r i a l  

The purpose o f  t h i s  exper iment was t o  determine t h e  e f f e c t  o f  l i m e  and 

m i c r o n u t r i e n t s  on E. s a l  igna  seed l i ng  growth i n  t h e  n'ursery.  

M a t e r i a l s  and'Methods 

Eucalyptus s a l  i g n a  seed .was sown i n  March, 1980 i n t o  po t t i , ng  media w i t h  

8  d i f f e r e n t  amounts o f  amendments. T h i s  exper iment f o l l o w e d  a randomized 

complete b l o c k  des ign w i t h  8  t rea tments  and 5 r e p l i c a t e s .  The ' t rea tments  

were a  4 x  2  f a c t o r i a l  w i t h  4 r a t e s  o f  . do lom i te  (0 ,  1.20, 2.39, 4.78 g / l )  

and 2  r a t e s  o f  MicroMax (0,  0.6.8 g / l  ) (Tab le  1 9 )  :' 
Each t r e a t ~ r ~ e n t  p e r  r e p l i c a t e  con ta ined  200 "p i ne  c e l l "  seed l ings  and 

30 seed l ings  were measured f o r  h e i g h t  and r o o t ,  stem, and l e a f  d r y  we igh ts  

2 months a f t e r  sowing. ' 

Fiesull-.~ and Di scuss i  on 
-. 

The t r ea tmen t  t h a t  r e s u l t e d  i n  t h e  t a l l e s t ,  h e a l t h i e s t  seed l i ngs  w i t h  

t h e  g r e a t e s t  d r y  we igh ts  con ta ined  0.68 g / l  o f  MicroMax and 4.78 g / l  o f  

do lom i te  (Graph 16).  Th i s  t rea tment ,  which had t h e  h i g h e s t  l e v e l  o f  

do lom i te  and MicroMax, had s i g n i f i c a n t l y  g r e a t e r  (95% l e v e l  ) l e a f  d r y  

weights  and h e i g h t s  compared t o  a l l  t h e  o t h e r  t reatments .  

Seedl ings t h a t  lacked  MicroMax appeared t o  branch more p r o f u s e l y  w i t h  

cup-shaped 1  eaves t h a t  had sca l  1  oped margins.  Queresh i  (1  978) r e p o r t e d  

t h a t  copper d e f i c i e n c y  on E. t e r e t i c o r n i s  was accompanied by de fo rmat ion  

o f  t he  l e a f  b lades w i t h  i r r e g u l a r  l e a f  margins.  He found t h a t  z i n c  

de f i c i ency  r e s u l t e d  i n  s tun ted ,  cup-shaped leaves and s tun ted  p l a n t  growth. 



Table 19. Rates - o f  f e r t i l i z e r s  and amendments used i n  t h e  l i m e  p l u s  m i c r o n u t r i e n t s  t e s t  and pH o f  t h e  
p o t t i n g  media. 

Treatment 
Do1 omi t e ,  

911 
Osmocote 

N,g/l P205 ,911 K20sg/1 
Do1 omi t e  

Ca,g/l Mg,gl l  PH 



Lime and Micronutr  i ents ' i n  Nursery  

Dolomite, g I 

Graph 16. The e f f e c t  of m i c r o n u t r i e n t s  and l i m e  on E. s a l i g n a  
r o o t ,  stem and l e a f '  dry weigh ts .  



Fol i a r  a n a l y s i s  showed t h a t  l e v e l s  o f  copper and z i n c  were s i g n i f i c a n t l y  

lower  (95% l e v e l )  i n  t rea tments  w i t h o u t  ~ i c r o ~ a x .  I t i s  p robab le  t h a t  seed- 

l i n g s  grown w i t h o u t  t h e  a d d i t i o n  o f  Mi'croMax were d e f i c i e n t  i n  copper and 

z i nc .  

Mag Amp T r i a l  

The purpose o f  t h i s  exper iment i s  t o  compare t h e  e f f e c t  o f  Osmocote 

(14-14-14) and MagArnp (7-40-6) on E. s a l i g n a  growth i n  t he  nursery .  

Md1er.i d l s  arld Methods 
. . 

Eucalyptus s a l i g n a  seed was sown i n  December, 1980 i n t o  p o t t i n g  media 

w i t h  5 d i f f e r e n t  f e r t i l i z e r  t rea tments .  One t r ea tmen t  had Osmocote w i t h  

MicroMax and dolomi te ,  w h i l e  t h e  o t h e r  4 t rea tments  had. MagAmp w i t h  v a r y i n g  

r a t e s  o f  .hydrated 1  ime and M i  croMax. I .  
< 

Th is  exper iment f o l l o w s  a  randomized complete b l o c k  des ign w i t h  5 

t rea tments  and 4  r e p l i c a t e s .  Each t rea tment  i n  a  r e p l i c a t e  con ta ins  200 

"p i ne  c e l l "  seed1 ings ,  and a f t e r  3 .monthsY 30 seed l ings  w i l l  be sampled f o r  

h e i g h t  and d r y  weight .  

Resul ts  and Discuss ion 

No data.  has y e t  been co l - lec ted .  

Conta iner  S ize  T r i  a1 

The purpose o f  t h i s  exper iment was t o  compare t h e  growth o f  E. s a l i g n a  

i n  t h r e e  d i f f e r e n t  nu rse ry  con ta ine rs .  

M a t e r i a l s  and Methods 

Eucalyptus s a l i g n a  seed was sown i n  J u l y ,  1980 i n t o  3  d i f f e r e n t  s i z e d  

con ta i  ners  (66 cm3, 132 cm3, 165 cm3). Th i s  exper iment f o l  lowed a  randomized 

complete b l o c k  des ign w i t h  3  t rea tments  and 4  r e p l i c a t e s .  

Each t r ea tmen t  i n  a  r e p l i c a t e  con ta ined  200 seed l ings  and 20 seed l ings  

were sampled f o r  d r y  we igh t  3  months a f t e r  sowing. 



Resu l ts  and Discuss ion - 
Root d r y  we igh ts  were s i m i l a r  amo.ng a l l  t he  t reatments ;  however stem 

and l e a f  d r y  weights  were much. g r e a t e r  f o r  t h e  Stubby (132 cm3) and Superce l l  

(165 cm3) con ta ine rs  (Graph 17).  . T h i s  inc reased  shoot  growth r e s u l t e d  i n  

top-heavy seed l ings  t h a t  had t o  .be pruned be fo re  o u t p l a n t i n g .  D i f f e r e n t  

f e r t i l i z e r  regimes a r e  be ing  t e s t e d .  t o  i nc rease  t h e  r 6 o t  t o  shoot  r a t i o ,  

and reduce t h e  problem of top-heavy seed l ings .  

Mycorrh izae I n o c u l a t i o n  T r i a l  

The purpose o f  t h i s  exper iment i s  t o  determine whether t h e  fungus 

Sclerodema verrucosum, i s  myco r rh i za l .  on Eucalyptus s a l i g n a  and E. g rand is .  

M a t e r i a l s  and Methods 

F r u i t i n g  bodies o f  Sc l  erodema verrucosum were c o l  1  ec ted  f r om 1  y e a r  01 d.: 

p l a n t i n g s  o f  E. s a l i g n a  and E. g rand is  a t  t h e  Ka 'u  s i . te .  Eucalyptus s a l i g n a  

and E. g rand is  seed were sown i n  October, 1980, e i t h e r  w i t h  o r  w i t h o u t  a  

d u s t i n g  of spores and i n t o  media w i t h  o r  w i t h o u t  f r u i t i n g  bodies.  

Th is  exper iment f o l l o w s  a  randomized complete b l o c k  des ign w i t h  6 

t rea tments  and 4 r e p l i c a t e s .  Each t r ea tmen t  i n  a  r e p l i c a t e  con ta ins  a t  

1  eas t  5 "Superce l l  " seed1 i ngs . 
Resu l ts  and Discuss ion 

The seed l ings  were measured f o r  h e i g h t  2 months a f t e r  sowing. It was 

noted t h a t  seed l ings  i n  t h e  media w i t h  f r u i t i n g  bodies tended t o  be s h o r t e r  

and have s r r~a l l e r  d iameters  than t h e  c o n t r o l s .  A f t e r  4 months, t h e  seed l ings  

w i l l  be examined f o r  myco r rh i za l  i n f e c t i o n  and then  conc lus ions  may be drawn. 

The research  area o f  mycor rh iza l  r e l a t i o n s h i p s  w i t h  euca lyp tus  i s  one t h a t  

needs f u r t h e r  i n v e s t i g a t i o n .  Mycorrh izae can inc rease  t h e  su r f ace  area o f  t h e  

t r e e  r o o t s  and as he lp  i n  the  abso rp t i on  o f  phosphorus and microe lements.  

Eucalyptus seed l ings  i n o c u l a t e d  i.n t h e  nu rse ry  w i t h  mycorrh izae c o u l d  have 

reduced f e r t i l  i z e r  requi rements and m o r t a l i t y  i n  t h e  f i e l d ' .  



Container Size Comparison 
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Graph 1 7 .  Comparison o f  r o o t ,  l e a f  and stem d r y  w e i g h t s  o f  
E. s a l i g n a  s e e d l i n g s  3 months a f t e r  sowing i n  3 
d i f f e r e n t  c o n t a i n e r  s i z e s .  



PUBLICATIONS, PRESENTATIONS AND VISITATIONS 

Close con tac ts  w i t h  Federal ,  S ta te  and County of  Hawai i  o f f i c i a l s  which 

i n c l u d e  Hawai i  Congressmen, S t a t e  O f f i c i a l s  and L e g i s l a t o r s ,  U. S. Fo res t  

Serv ice,  Hawai i  F o r e s t r y  Serv ice,  U. S. S o i l  Conserva t ion .Serv ice ,  Farm 

Bureau and S t a t e  o f  Hawaii Energy Extens ion Serv ice,  t o  name a  few. 

Presen ta t ions  and t o u r s  were made ' t o  numerous profe.ssiona1 (Hawai i 

I s 1  and School Teachers, Hawai i Sugar Techno1 o g i  s t ,  Assoc ia t i on  of U n i v e r s i t y  

Women, Zonta) , c i v i c  (K iwani  s, .Rotary  and Chamber o f  Commerce), and bus iness 

o rgan i za t i ons  (C. Brewer & . . Co., L t d .  i n  H i l o  and Hono lu lu ) ,  Ka 'u  Sugar Com- 
, . 

pany) , as w e l l  as S t .  ~ o s e p h ' s  ~ l e m e n t a r ~  School, ' ~ i l o ~ i ~ h  Schqol and Uni-  

v e r s i t y  o f  Hawaii H i l o  c lasses.  We have a s s i s t e d  w i t h  t h e  East-West Center 

s tudy groups, env i ronmenta l  (Honua Hawaii ) , ca ree r  educa t i ona l  development 

(Holomua) and benevolent  groups such as t h e  G i r l  Scouts. 

We have been f i l m e d  f o r  educa t iona l  t e l e v i s i o n  by Be lg i an  and Japanese - 

p roduc t ions  and t h e  s u b j e c t  o f  numerous a r t i c l e s  f o r  l o c a l ,  s t a t e  and n a t i o n a l  
. . 

pub1 i ca t i ons .  

Two updated f a c t  sheets were i s sued  (4/15/80 and 9/15/80) and c i r c u l a t e d  

a long  w i t h  a  co lo red  brochure (12/1/80) .  P a r t i c i p a t i o n  i n  t h r e e  Energy Forums. 

and two Energy Conferences was accompl ished and a  S t a t i c  D i sp lay  was e x h i b i t e d  

i n  H i l o ' s  major  shopping comp'lex commemorating t h e  75 th  ann i ve rsa ry  of  the  

County o f  Hawaii and f e a t u r i n g  a l t e r n a t e  energy p r o j e c t s .  The s t a t i c  d i s p l a y  

i s  now be ing  d i sp layed  i n  t h e  o t h e r  major  d i s t r i c t s  o f  t h e  i s l a n d .  

C o n t r i b u t i o n  was made a t  t h e  U. S. W i l d  L i f e  Conference and t h e  Na t i ona l  

Conference on Renewable Energy Technologies i n  t h e  fo rm o f  a  s l i d e  p r e s e n t a t i o n  



as w e l l  as c h a i r i n g  a work ing group a t  a  two-day work ing  conference on 

F o r e s t r y  and Related Na tu ra l  Resources o f  Hawai i .  

We have had t h e  p leasure  o f  meet ing many noted and respec ted  o f f i c i a l s  

i n  t h e  DOE, r e l a t e d  businesses, n a t i o n a l  and i n t e r n a t i o n a l  areas such as 

Belgium, B r a z i l  , ph i1  i p p i n e s ,  Scot1 and, New Zealand, F i j i  , Indonesii ; .  

Mexico, Canada, Puer to  Rico and Sudan. 

A t r i p  back t o  Washington, D.C. t o . t h e  DOE o f f i c e  was made i n  March t o  

p resen t  a  progress r e p o r t  on o u r  accomplishments. I was j o i n t  by U. 'S. 

Fores t  Serv ice  o f f i c i a l s  Dr. S tan ley  Krugman, Dean DeBel l  and Cra ig  Whitesel  1. 



CHRONOLOGICAL EVENTS AND VISITATIONS 

January 1980 

... USDA P r o j e c t  V i s i t a t i o n .  

. . . HSPA P r o j e c t  v i s i t a t i o n .  

February 1980 

. . .Hawaii County R&D D i r e c t o r  - P r o j e c t  V i s i t a t i o n .  

... L inda  Dolan, S e a t t l e  City L i g h t  P r o j e c t  Manager - P r o j e c t  V i s i t a t i o n .  

. . . U n i v e r s i t y  o f  Hawaii H i l o  Col lege o f  A g r i c u l t u r e  - S l i d e  P resen ta t i on .  

. . .Assoc ia t i on  o f  U n i v e r s i t y  Women - S l i d e  Presen ta t ion .  

. . . ~ h a r l e s  Phi  l p o t t ,  A s s ' t .  P a c i f i c  Southwest ~ i r e c t o r .  U.S. ~ o r e d t  - 

Serv ice  - P r o j e c t  V i s i t a t i o n .  

March 1980 

. . . Kona Energy Conference - D i sp lay  and . S l  i d e  'P resen ta t i on .  

... U n i v e r s i t y  o f  Hawaii Energy Forum a t  Ka 'u  - S l i d e  Presen ta t ion .  

. . .Kohala F i e l d  Day - Booth and D i sp lay  

. . .Washington, D.C. - Progress Repor t  ( s l  i d e  p r e s e n t a t i o n )  t o  

Sarah Sprague, DOE P r o j e c t  Manager. 

. . .Progress Report  t o  Hawaii Congressmen wh'i l e  i n  Washington D.C. 

. . .progress Report  t o  B i l l  Lambert, DOE P r o j e c t  ~ o o r d i a n t o r  i n  

Oakland O f f i c e  en tou te  t o  Washington, D.C. . 

.. .Kona Outdoor C i r c l e  Forum - S l i d e  Presen ta t ion .  

... Dean DeBel l ,  "Research D i r e c t o r ,  Olympia, Washington - P r o j e c t  

Cooperat ive Review. 

. . .Asael i Tuiniavou,. F i j i  i Fores t  Serv ice ,  F i j i a n  Gove,rnment - 

P r o j e c t  V i s i t a t i o n .  



A p r i l  1980 

... Zonta Club. - S l i d e  Presen ta t ion .  

. . .Marcia Reynolds (T r ibune  He ra ld ) ,  Hugh C la r k  (Hono lu lu  A d v e r t i s e r ) ,  

Layne Thompson (Honolu lu  S t a r  B u l l e t i n )  Repor ters  - P r o j e c t  

V i s i t a t i o n  w i t h  accompanying a r t i c l e s .  

... Updated Fac t  Sheet f o r  i n c l u s i o n  i n  t h e  1980 Energy E d i t i o n  o f  

t h e  U n i v e r s i t y  oT Hawai i .  

... Environmental  Resource Community Adv isory  Committee - P r o j e c t  

Review and V i s i t a t i o n .  

... U n i v e r s i t y  o f  Hawaii Energy Forum a t  Kamuela - S l i d e  Presen ta t ion .  

May 1 980 

. . . E.a:st-West Center Environmental  Group Study - ,'pro j , ec t  V i s i  t a t i o v .  - 

. . . S t .  Joseph 's  School Brownie Scout Troop - Nursery V i s i t a t i o n .  

. . .Andrea G i l l  Bennett ,  F i e l d  Representat ive,  S t a t e  o f  Hawaii Energy 

Extens ion Serv ice  - P r o j e c t  V i s i t a t i o n .  

. . .KPUA Haw~ei i  I s l a n d  Chamber Day - Radio P resen ta t i on  on P r o j e c t  

Ob jec t i ves .  

. . .Duke 'Per r in ,  Energy p lanner ,  Los Angeles C i t y  - P r o j e c t  V i s i t a t i o n .  

June 1980 
/ 

. . .Jack Ranney , P r o j e c t  Technica l  Adv isor ,  Oak Ridge, Tennessee - 

Two-day P r o j e c t  V i  s i  t a t  i on and Review. 

. . .Hi1 o High School (120 s t u d e r ~ t s )  - S l  i d e  Presentat t ion.  

... John Ramsey, P a c i f i c  News Spec ia l  P r o j e c t  E d i t o r  - P r o j e c t  V i s i t a t i o n  

and accompan.y,ing a r t i c l e .  

... Helen Braunste in ,  Oak Ridge - P r o j e c t  V i s i t a t i o n .  

... Cra ig  Morse, Energy Resources, U n i v e r s i t y  o f  C a l i f o r n i a  - P r o j e c t  

V i s i t a t i o n .  



... Linda Chr is tanty ,  Ecologist  from Indonesia - Pro jec t  Vi s i t a t ion .  

. ..Mac D. Bowan, American Carbon, Inc. - Pro jec t  Review. 

. . .Charles P h i l p o t t ,  Ass i s t an t  Direc tor ,  U.S. Forest  Service ,  

Pac i f i c  South.West - Pro jec t  Vi s i t a t ion  and Review. 

. . .Mrs. Krueger, Bank of Hawaii Researcher - P r o j e c t  'Review. 

Ju ly  1980 

... C.  Brewer & Co., Ltd. Board of Direc tors  and Corporate Of f i ce r s  

Annual. Meeting - Pro jec t  Review and Vis i t a t ion .  

... Jane Lipson, Consultant t o  Governor Ariyoshi based in  Washing, D.C. - 

Pro jec t  Vi s i t a t ion  

... Jim Moureau, Dillingham Company and Dr. Bruebaker, U . H .  Manoa Campus - 

p r o j e c t  Review and Vis i t a t ion .  

... Jane Wholly, Li l ton  Publicat ion Writer ,  A r t i c l e  on Energy - Pro jec t  

Review and Vis i t a t ion .  

... A1 Nakaji,  Energy Coordinator of County of Hawaii - Pro jec t  Vi s i t a t ion  

and update on progress.  

... Mr. Sakaiya, C ines i l l  TV Production - Japan group f i lming on Energy 

~ocumkntary. (Program on October 2 ,  1980 in  Japan) 

... S t a t i c  Display i n  Kaiko'o Ma1 1 ce l eb ra t ing  County of  Hawaii 75th 

Anniversary and fea tu r ing  a1 t e r n a t e  energy p ro jec t s .  

... S t a t e  Representat ive Yoshito Takamine - V i s i t a t i o n . &  Pro jec t  Review. 

August 1980 

. . .Marty Domagala, DOE Ass i s t an t  Administrator Region IX - Pro jec t  

Vi s i t a t ion .  

. . .Robert Wade Zahare, Mainland Plant ing Service - Pro jec t  V i s i t a t i o n .  

. . .Michael Buck, U.S. Forest Service - Pro jec t  v i s i t a t i o n .  



. . .Kipling Adams, Director of Agricultural Administration, A & B - 

Project  Vis i ta t ion.  

... Hamakua Soil Conservation D i s t r i c t  Committee - Project  Vis i ta t ion.  

... Steve Norris, Honua Hawaii'- Project  Vis i t a t ion . .  

September 1980 

... Energy Symposium, Hilo Panel Member, sponsored by Hawaii Economic 

Opportunity Council - Project  Pre'sentation. 

... Bob Clayton, U.S. Forest Service - Project  Vis i ta t ion.  

. . .John Rowlands, S t a t e  & Private  Forestry, California - Project  Vis i t a t ion ,  

... Cal Masaki, S t a t e  Forestry,  Honolulu - Project  Vis i t a t ion .  

. . . Gaylen Kurokami , Sta t e  Forestry, Kauai - Project  Vis i ta t ion.  

... G1@n  hish hi do, S t a t e  Forestry,  Maui - ~ r o j e c t ' ' ~ i s ' i t a t i o n .  

... Ernest Pung, S t a t e  Forestry, Hawaii - Project  Vis i t a t ion .  

... Update Progress Report - "Two Years Later--The BioEnergy Experience". 

. . . Envi ronmen t a l  Resource Community Advi sory Committee Meeting - Progress 

Report and Vis i ta t ion.  

... Sergio Macasieb, Project  Manager, National Power Co., Phil ippines - 
Project  Vis i ta t ion.  

... Dr. Boner, Professor, University of Washington, U.S. S t a t e  Dept. - 
Sponsored Vis i ta t ion in conjunction with.Sergio Macasieb. 

October 1980 

. . .S ta te  Forestry Wild Life Conference - Slide  Presentat ion.  

. . .University of Hawaii Hilo Campvs Agricultural Class - Project  Vis i ta t ion.  

. . . Dr. Robert Cal laham, Director,  Pac i f i c  Southwest - Project  Review 

and Vis i ta t ion.  

... James Lee, U. H .  Community College - Project  Vis i t a t ion .  



. . .Honua Hawaii - S l i d e  P resen ta t i on  and' P r o j e c t  V i s i t a t i o n .  

... Congressman Dan Akaka - Washington Update. 

November 1980 

. . .Dr. Jean Matre,  Correspondent - P r o j e c t  V i s i t a t i o n .  

. . .Dr. Paul Yuen, D i r e c t o r  HENA and Ralph F u j i t a ,  Manager, Technica l  

L i a i s o n  f o r  PR1 - P r o j e c t  V i s i t a t i o n .  

. . .Nor th  American Fo res t r y  Commission, S i  1  ve rcu l  t u r e  Study Group - 

P r o j e c t  V i s i t a t i o n .  

*Robert Nunez, Fo res t  Adm in i s t r a to r ,  Na t i ona l  Fores t  
Serv ice  - Mexico 

* Jav ie r  Chauelas, Research S c i e n t i s t ,  Na t i ona l  Fores t  
Serv ice  - Mexico (Chiapas) . 

. *Frank Wadsworth, Research Fores te r ,  I n s t i t u t e  o f  Tropical . .  
F o r e s t r y  - Puer to  Rico; 

*Frank Shrapshire,  Hardwood S p e c i a l i s t ,  Fores t  Serv ice,  
Jackson, M i s s i s s i p p i .  

*James T. A r n o t t ,  Leader o f  S i l v i c u l t u r e  Research, k lestern 
Canada --Vancouver.  

*Thomas Geary, Research Fo res te r  & P r o j e c t  Leader, Eucalyptus 
S p e c i a l i s t ,  Lehigh Acres, F l o r i d a  (U.S. Fores t  Se rv i ce ) .  

*Robert Phares, A s s i s t a n t  D i r e c t o r ,  Nor theas te rn  Fo res t  
Experiment S t a t i o n ,  Morgantaun, VA (U. S. Fores t  Serv ice ,  
Hardwood A u t h o r i t y )  . 

*Roger?.-Skb1ken.i. Research Fo res te r  and P r o j e c t  Leader, 
I .P. I .F. ,  Honolulu.  

December 1980 

... Marsha Oato, Holumua, Career Educat ional  Development - P r o j e c t  

V i s i t a t i o n  and Cooperat ive work program. 

... Gordon Chapman, Parsons of  Hawai i  and Kenneth K l e i n ,  DOE - 

P r o j e c t  V i s i t a t i o n .  

... Hawaii E l e c t r i c  L i g h t  Co., P ro fess iona l  Photographer - P r o j e c t  

V is  i t d l i o n  t u  i n c l u d e  ~ i o h e r g y  Development Corp. i n  Annual Report  



... John Quinn, Doe, Washington, D . C . ,  Di rec tor  of Planning - 

Pro jec t  V i s i t a t i o n .  

... National Energy Conference of I s land  Tour - Pro jec t  V i s i t a t i o n  

(60 people) . 



COOPERATING AGENCIES AND PERSONNEL 

I n s t i t u t e  o f  P a c i f i c  I s l a n d s  F o r e s t r y  

Char1 es Hodges , Chi e f  Path01 o g i  s t  
Roger Skolmen., S i l v i c u l  t u r i s t  
James King, Fo res t  G e n e t i c i s t  
Gerry  Wal t e r s ,  Research F o r e s t e r  
Jane t  Morse, Technica l  1,nformat ion Speci a1 i s t  
George Hashimoto, F o r e s t r y  Technic ian 

S t a t e  Fo res t r y  D i v i s i o n  

L i b e r t  Landgraf,  Ch ie f  Fo res te r  
Charles Wakida, D i s t r i c t  Fo res te r  
Howard Ho r i uch i ,  A s s i s t a n t  Fo res te r  

Soi 1  conserva t ion  Se rv i ce  

L a r r y  Soehnen, D i s t r i c t  Conse rva t i on i s t  
Saku Nakamura,. S o i l  S c i e n t i s t  
P a t r i c k  Watanabe, S o i l  Conse rva t i on i s t  
Jack Sprague, D i s t r i c t  Conse rva t i on i s t  
J e r r y  W i l l  iams, S o i l  Conse rva t i on i s t  
Larry Sh insh i ro ,  S o i l  Conse rva t i on i s t  

U n i v e r s i t v  o f  Hawaii 

Yusuf Tamimi , S o i l  S c i e n t i s t  
Samu El'-Swaify, Soi  1  S c i e n t i s t  
Ed Dangler, A s s i s t a n t  S o i l  S c i e n t i s t  
Andrew Lo, Graduate Student  
Ernes t  Okazaki, S o i l  S c i e n t i s t  
Roger Watanabe, A s s i s t a n t  Speci a1 i s t  i n  S o i l  Science 

Hawaii an Sugar P l a n t e r s '  Assoc ia t i on  

George M i  kami , Experiniental  i s L  

Mgun_a Kea Sugar Company 

Stephen Knox, V ice P res iden t  and Manager 
Ken Kunimi tsu,  Crop Cont ro l  Super in tendent  
Randy Cabral , F ie ' ld  Super in tendent  
I sao  Kaya, A g r i c u l t u r i s t  



Ka'u Sugar Company 

Ian Bowman, Vice President and Manager 
Iwao Yonemitsu, Crop Controq Superintendent 

Hilo Coast Processing Company 

Terry Inglet t ,  Executive Vice' Pres'ident & Chief Executive Officer 
Larry Iwami, Power Plant Superintendent 
Clarence Montgomery, Production Superintendent 
Bryce Robinson, Construction Superintendent 

Mauna Loa Macadamia N u t  Corporation 

Paul Bennett, Vice President and General Manager - Operations 
Dale Anderson, Orchard Manager - Ka'u 

Brewer Analytical Lab 

Takashi Nonaka, Manager 

Brewer Chemical Cor~oration 

  el' Smi t h  , Vice President,  Sales 
Dan Shon, Sales Engineer 

Sierra Chemi cal 

Karl Kol b ,  Technical Service Di rector 

Occidental Chemical 

Noel Ide ,. Technical Sales Representative 
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