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ABSTRACT 

Development and management o f  p l  a n t a t  i ons t a  
suppor t  wood-energy programs Rave been a g g r e s s i v e l y  
promoted i n  t h e  P h i l i p p i n e s  s i n c e  1979, Over 
60,000 h e c t a r e s  o f  energy p l a n t a t i o n s  have been 
p l a n t e d  under  government-supported programs, T h i s  
paper  documents t h e  problems and accomplishments o f  
these programs, and d e s c r i b e s  p l a n t a t i o n  e s t a M i s h -  
ment , n a i  ntenance, p r o t e c t i o n ,  growth and yi el d  , 
h a r v e s t i n g ,  and wood t ranspor t ,  Research pr ior i  - 
t i e s  f a r  i m p r o v i n g  energy f a r m  o p e r a t i o n s  a re  a l s o  
suggested, 

1. I n t  r o d u c t  i on 

L i k e  most devel  o p i n g  c o u n t r i e s  w i t h  
l a r g e  p o p u l a t i o n s ,  t h e  P h i l i p p i n e s  w i l l  
be c o n f r o n t e d  w i t h  fuelwood shor tages- -  
p o s s i b l y  severe shor tages- -wi  t h i  n  t h e  
n e x t  two decades, A l  ready,  f u e l  wood i s  
sca rce  i n  p a r t s  o f  t h e  n o r t h e r n  and 
c e n t r a l  Phi 1  i p p i  nes, 

The l a r y e l y  r u r a l  P h i l i p p i n e  popu- 
l a t i o n  o f  55 m i l l i o n  depends h e a v i l y  on 
f i rewood, especi  a1 l y  f o r  cooking,  Sur- 
v e y i n g  fuelwood consumption i n  I 1  ocos 
Nor te ,  Hyman (1985) e s t i m a t e d  annual 
iqood use a t  3,172 kg/household  (ahout  
t h r e e - f o r ~ r t h s  o f  a s o l  i d  r l 3 / p e r ~ o n l y r ! ,  
Es t ima tes  o f  0,76 t o  O,H7 m3/person/yr  
have heen nade f o r  o t h e r  r u r a l  areas i n  
t h e  P h i l i p p i n e s  (Wiersun 1982), C o u ~ t r y -  
wide, household fuel iqood use i s  conserv-  
a t i v e l y  e s t i r l a t e d  a t  33,s r ~ i l l i o n  s o l i d  
n 3  a n n u a l l y  and i s  expected to r i s e  t o  
33,5 r ~ i l l i o n  s o l i d  r13 by t h e  y e a r  2000 
( i i e v i  11 a 1985). I n d u s t  r i  a1 f u e l  wood and 
charcoa l  use f o r  g e n e r a t i n g  e l e c t r i c i t y  
and steam, sme l t i ng ,  and d r y i n g  i s  
expected t o  r i s e  even more d r d n a t i c a l l y ,  
T o t a l  i n d u s t r i  a1 use i s  p r o j e c t e d  t o  
i ncrease s i x f o l d  between 1985 and 2000, 
f rom 5.0 m i l l i o n  t o  30,0 m i l l i o n  s o l i d  
m3/y r (Kev i  11 a  B985), 

P r o j e c t i o n s  made by t h e  P h i l i p p i n e  
F o r e s t r y  Development Center  suggest  t h a t  
f u e l  wood suppl i es w i  l l 1 ag beh i  nd 
d e s i r e d  demand by a t  l e a s t  8 2  m i l l i o n  
s o l  i d  1x3 annual l y  by t h e  y e a r  2000 i f  

t h e  p resen t  course o f  P h i l i p p i n e  
f o r e s t r y  i s  mai n t a i  ned (Revi  1  l a 1985). 
Cont inued low pe t ro leum p r i c e s  may mean 
i n d u s t r i a l  fuelwood demand w i  11 grow a t  
a s l i g h t l y  s lower  pace than  p r e v i o u s l y  
a n t i c i p a t e d ,  hu t  denand i s  s t i l l  l i k e l y  
t o  outpace s ~ ~ p p l  i e s  by a s i g n i f i c a n t  
r l a r y i n ,  

Kecogni z i ng t h e  Pile l wood needs o f  
t i l e  r a p i d l y  i n c r e a s i n g  popirl a t i o n ,  and 
h o p i n g  t o  s u b s t i t u t e  wood f o r  i ~ t p o r t e d  
fuel i n  ryany i n d u s t r i a l  processes,  t h e  
Ph i  1 i p p i  ne Governnent has expanded f u e l  - 
wood i l l a n t a t i o n s  i n  recen t  years ,  
Sirni 1  a r l y ,  t h e  p r i v a t e  s e c t o r  has 
responded t o  t h e  inc reased  demand f o r  
fuelwood. Tree f a r m i n g  has become p r o f -  
i t a b l e  f o r  a  number o f  p r i v a t e  i n v e s t o r s  
w i t h  access t o  land,  

T h i s  paper focuses on e f f o r t s  by 
Phi  1  i p p i  ne government agencies t o  deve l  op 
energy p l a n t a t i o n s ,  F i  r s t ,  i n s t i t u -  
t i o n a l  arrangements t h a t  suppor t  t r e e  
f a r m i n g  a r e  i d e n t i f i e d ,  and p l a n t i n g  
accompl i shments a r e  documented, P l  an ta -  
t i o n  management, i n c l u d i n g  e s t a b l i s h -  
ment, maintenance, p r o t e c t i o n ,  h a r v e s t -  
i ny, and wood t r a n s p o r t ,  i s  t h e n  
d e s c r i b e d  i n genera l ,  P a r t i c u l a r  a t t e n -  
t i o n  i s  focused on h a r v e s t i n g ,  f o r -  
ward i  ng, and wood t r a n s p o r t ,  because 
t h e s e  a c t i v i t i e s  have been p o o r l y  docu- 
mented up t o  now, F i n a l l y ,  research  
p r i o r i t i e s  f o r  s t r e n g t h e n i n g  t r e e  
farmSng o p e r a t i o n s  a r e  suggested, 



2. O r g a n i z a t i o n s  and Accomplishments 

The p r i n c i p a l  g o v e r n n ~ n t  a g ~ t n c i  es 
s g p p o r t i n g  energy p l  a n t a t i o n  developr lent  
i'l t h e  P h i l i p p i n e s  a r e  t h e  r i a t i r l na l  
E l e c t r i f i c a t i o r ~  A d n i n i s t r a t i o n  (NEA), 
t h e  Farm Systems Devel n p t x n t  Gorporat  i on 
(FSUC), t h e  M i n i s t r y  o f  Human S e t c l e -  
rnents (ElHSf , and t h e  Bureau o f  F o r e s t  
Development (BFO) . 

2.1 N a t i o n a l  E l e c t r i f i c a t i o n  
Admi n i  s t  r a t i o n  Programs 

The NEA manages two rnajor wood- 
energy programs. The Dendro Thermal 
Power Program uses wood t o  generate  
e l e c t r i c i t y  f o r  r u r a l  power g r i d s .  The 
TANGLAW Program produces wood f o r  a  
number o f  markets  and uses. 

2.1.1 Dendro Thermal Power Program 

The Dendro Thermal Power Program i s  
t h e  b e t t e r  known o f  t h e  NEA's two ma jo r  
wood energy programs b e c a u w  i t s  prog-  
ress  has been documented by severa l  
au tho rs  ( A d r i  ano 1982; Denton 1983; 
Durs t  1986a, 1986b; l i a r l ow  and Adr iano 
l(480). The p r o g r a n  p l a n s  60 t o  70 wood- 
f i r e d  e l  e c t  r i  c i  t y - g e n e r a t  i ng pawerpl a n t s  
--each w i t h  sup?or t  i ng energy p l  an- 
t a t i o n s  o f  1,100 ha o r  more. 

b e n e f i t s ,  i n f r a s t r u c t u r e  deve lopnent  , 
and a guaranteed market  f o r  t h e  f a r m e r s '  
wood. 

Over 8,000 ha o f  p l a n t a t i o n s  have 
been e s t a b l i s h e d  under t h e  Dendro Thermal 
Power Program (NEA 1984b). A l though 
p l a n t i n g  success has improved s t e a d i l y  
s i n c e  1980 ( t a b l e  I ) ,  s u r v i v a l  and c o s t  
e f f e c t i v e n e s s  va ry  d r a m a t i c a l l y  among 
t h e  43 p r o j e c t  s i t e s  ( t a b l e  2 ) .  T h i r -  
t e e n  s i t e s  have no t  y e t  e s t a b l i s h e d  100 
hd o f  p l a n t a t i o n s ,  and f i v e  s i t e s  have 
s u r v i v a l  r a t e s  below 10 percen t .  Rut 
s i x  s i t e s  now have more t h a n  400 ha o f  
e s t a h l  i s h e d  p l a n t a t i o n s ,  and n i n e  s i t e s  
boast  s u r v i  v a l  r a t ~ s  o f  over  80 p e r c e n t .  

P r o j e c t  managers a t t  r i   hut^ suc- 
cesses t o  s e c u r i t y  o f  l a n d  tenure ,  p r o -  
v i s i o n  o f  loans t o  fa r r l~e rs ,  s u i t a b l e  
s i t e s  f o r  growing t r e e s ,  and yuardnteed 
markets.  Fa i  1  u res  a re  usual  l y  a t t r i  b -  
u t e d  t o  f ree - roaming  l i v e s t o c k  o r  u n f a -  
v o r a b l  e s o i  1  c o n d i t i o n s .  Inadequate  
i n s t i t u t i o n d l  suppor t  and poor o r y a n i z a -  
t i o n  a r e  a l s o  r e s p o n s i b l e  f o r  f a i l u r e s  
a t  some p r o j e c t  s i t e s ,  Fur thermore,  t h e  
c o u n t r y ' s  macroeconomic p r o b l  ems have 
f o r c e d  t h e  NEA t o  d i s c o n t i n i r e  i t s  farrner 
1  oan prograrn ( t a b l e  1 ) .  

Tab le  1.--Loan r e l e a s e s  and p l a n t i n g  accomplishments a t  
44 P h i l i p p i n e  dendrothermal  s i t e s ,  1980-84 

Nood t o  supp ly  t h e  powerp lants  i s  
grown hy up land farmers  r e c r u i t e d  by t h o  
NEA r u r a l  $1 e c t  r i  c  c o o ~ e r a t  i ves t h a t  
manage t h e  p r o j e c t s  l o c a l l y .  Farmers 
a r e  o rgan ized  i n  a s s o c i a t i o n s  o f  10 
f a r l i l i e s  each. The t r e e  farmer  asso- 
c i a t i o n s  a r e  e l i g i b l e  t o  l ease  up t o  
100 ha o f  l a n d  (10 h a l f a m i l y f  f rom t h e  
government a t  t h e  concess ionary  r a t e  o f  
0.50 peso ( l e s s  t h a n  $0.10)/ha/yr .  The 
NEA loans money t o  t h e  r u r d l  e l e c t r i c  
coopera t i ves ,  who, i n  t u r n ,  l o a n  farmers  
up t o  3,500 pesos (8467 a t  1980 exchange 
r a t e s ) / h a  t o  h e l p  d e f r a y  t h e  c o s t  o f  
p l a n t a t i o n  e s t a b l i s h m e n t  and management. 
The loans,  which c a r r y  i n t e r e s t  charges 
o f  12 pe rcen t  p e r  year ,  a r e  repayab le  i n  
12 years ,  i n c l u d i n g  an i n i t i a l  4-year 
grace pe r iod .  Ass is tance  i s  a l s o  g i v e n  
t o  farmers i n  t h e  t e c h n i c a l  aspects  o f  
p l  a n t i  ng and managi ng t r e e s .  Other  
i ncent  i ves i n c l  ude hea l  t h  and medica l  

NEA l o a n  Area Area 
Year re leases  p l a n t e d  s u r v i v i n g J  S u r v i v a l  

M i l l i o n  pesos - - - - ha - - - - - % - 

T o t a l  54.95 17,827 8,017 45 .0 

aNEA computes area s u r v i v i n g  based on number o f  
t r e e s  p e r  h e c t a r e  r e l a t i v e  t o  f u l l  s t o c k i n g  o f  10,000 
t r e e s ;  thus ,  a  h e c t a r e  w i t h  o n l y  5,000 l i v e  t r e e s  i s  
counted as one-ha l f  o f  a s u r v i v i n g  hectare.  

Source: Dendro Thermal Development O f f i c e ,  N a t i o n a l  
E l e c t r i f i c a t i o n  A d m i n i s t r a t i o n ,  P h i l i p p i n e s .  



Tab1 e 2 ,--Cost e f  f rect i  veness o f  r e f o r e s t a t i o n  expend i tu res  a t  Phi 1 i p p i  ne d e n d r o t h e m a l  s i t e s ,  1980-84 

NunSer Cost ?er  C o s t  per 
C o s t - e f f e c t ~ v e  o F 1980-24 Area Area pl apt& s J r t ? v i r i g  

Group s i t e s  1 can eases  c i  auted survl  V I  n g a  S J T V I  v31 hec t a r e  q e c t a r e  

M i  l 1 I on 1984 pesos .. - - - ha - - - - ui 

- - - - 1984 pesos - - 

~ o s t  e f f e c t  ~ v e "  13 29.55 6,525 4,737 72.6 4,529 6,238 

Modera te ly  e f f e c t ? v e C  13 40.17 7,860 3,057 38.9 5,151 13,140 

Least  e f f e c t  i v e d  i 7 25.66 3 ,442  223 6.5 7,455 115,067 

A i l  S i t e s  4 4 35.38 i 7,827 8,017 45 , O  5 ,35Q i1,39" 

"see t a b l e  I, f o o t n o t e  a, 

S i t e s  a r e  grouped accord jng  t o  peso expenditures per s ~ r v i  v i  ng hec ta re :  

"ies t h a n  10,000 pesos spent per  s u r v i v i n g  hectare.  
' ~ e t w e e n  1U,000 and 20,000 pesos spent per s u r v i v i n g  hectare.  
dovet- 20,000 pesos spent per  survl v i  ng  hectare.  

2  .1 .2 TANGLAW Program 

The TANGLAM Program, a1 so admi n- 
i s t e r e d  by t h e  NEA, has "'Family Tree 
Farrn" and "School P l  a n t i  ngs" components, 
Under t h e  Fami ly  Tree Farm coryponent, 
f a rmer  a s s o c i a t i o n s  a r e  s i m i l a r  t o  t h o s e  
i n  t h e  Dendro Thermal Power Program, 
excep t  t h a t  o n l y  rninirna'i a s s i s t a n c e  i s  
y r o v i d e d  f o r  p l a n t a t i o n  e s t a b l  i shment 
and rnanagernent. No f i n a n c i n g  i s  
o f f e r e d ,  a  
t o  2 kg/ha 
1  eucocepha - 

nd m a t e r i a l  suppor t  i s  l i m i t e d  
o f  g i  a n t  i p i  1  -i p i  l (Leucaena 

l a  (Lam,) de W i t )  seeds, 
Success o f x h e  program depends on p ro -  
v i d i n g  markets f o r  t h e  wood t h a t  i s  p ro -  
duced, Depending on t h e  l o c a t i o n  o f  t h e  
p r o j e c t s ,  wood o r  charcoa l  may be s o l d  
t o  i n d u s t r i e s  (e.g., sme l te rs ,  d r y i n g  
f a c i l i t i e s ,  cement manufacturers ,  and 
p o t t e r y  makers), marketed i n  t h e  c i t i e s ,  
o r  expor ted,  I n  a d d i t i o n ,  fa rmers  may 
s e l l  wood t o  dendrothermal powerpl a n t s  
w i t h  d e f i c i e n t  fue lwood suppl  i e s ,  

Ky t h e  end o f  1984, a f t e r  2 yea rs  
o f  o p e r a t i o n ,  more t h a n  360 t r e e  farrners 
assoc i  a t  i ons had heen o rgan i  zed and 
18,000 ha had r e p o r t e d l y  been p l  anted 
( S u r t i d a  1984), R e l i a b l e  surveys have 
n o t  been conducted t o  d e t e r ~ ~ i n e  t h e  area 
o f  s u r v i v i n g  p l  a n t a t i o n s ,  

Under TANGLAW ' s  School P I  a n t i  ngs 
P r o j e c t ,  2,000 pesos ($154 a t  1983 
exchange r a t e s ) / h a  a r e  loaned t o  a y r i -  

c u l t u r a l  c o l l  eges, S t a t e  c o l l  eyes, and 
o t h e r  schoo ls  f o r  p l a n t i n g  and managing 
t r e e  farms. As w i t h  t h e  Fami ly  Tree 
Farm component, m a r k e t i n g  s t r a t e g i e s  
depend on t h e  l o c a t i o n  o f  t h e  p l a n -  
t a t i o n ,  Plore than  1,609 ha had been 
p l a n t e d  by schoo ls  by t h e  end o f  1984 
( S u r t i d a  1983), 

2.2 Farm Systems Development 
C o r p o r a t i o n  Programs 

The FSOC i s  a  government-operated 
c o r p o r a t i o n  t h a t  p r o v i d e s  t e c h n i c a l  and 
f i nanc i  a1 suppor t  f o r  r u r a l  development . 
Since 1980, t h e  FSDC has a c t i v e l y  p r o -  
moted t r e e  f a r m i n g  as a  means of 
i n c r e a s i n g  r u r a l  f a rmers '  income. 

I n  m i  d-1984, t h e  FSDC r e p o r t e d  
2,341 ha o f  s u r v i v i n g  energy p l a n -  
t a t i o n s ,  m o s t l y  i n  t h e  western  Visayas 
and I'lindanao (NEA 1984a), The FSOC t r e e  
farmers  a re  o rgan i  zed i n  a s s o c i a t i o n s  
s i m i l a r  t o  those  i n  t h e  NEA programs. 
The FSUC loans  money, p r o v i d e s  a d v i c e  
and funds f o r  b u i l d i q g  charcoa l  k i l n s ,  
t r a n s p o r t s  wood, and nakes n a r k e t  con- 
t a c t s  f o r  farmers.  Wood f rom t r e e  farms 
i s  conver ted t o  charcoa l  f o r  s a l e  i n  t h e  
c i t i e s  o r  f o r  expor t ,  The FSIIC program 
has been l e s s  success fu l  t h a n  t h e  two 
N E A  programs because l o a n  resources a r e  
more l i m i t e d  and t h e  FSDC l a c k s  t h e  
o r g a n i z a t i o n a l  advantages o f  work ing  
w i t h  t h e  r u r a l  e l e c t r i c  c o o p e r a t i v e s  and 
school  s ,  



2.3 M i n i s t r y  o f  Human Se t t l emen ts  
Programs 

The PlHS promotes energy p l a n t a t i o n s  
i n  c o n j u n c t i o n  w i t h  i t s  haus ing  and 
r e s e t t l e m e n t  programs and t h e  K i l u s a n g  
Kabirhayan a t  Kaunl a ran  L i  v e l  i hood 
Program. Over 2,700 ha had been p l a n t e d  
by mid-1984, E i g h t  hundred ha have been 
p l a n t e d  i n  Negros Occ iden ta l  a lone,  
S i  g n i  f i  c a n t  areas have a1 so been p l  anted 
i n  t h e  I l o c o s  reg ion ,  i n  c e n t r a l  Luzon, 
and i n  sou the rn  and c e n t r a l  r l indanao 
(NEA 1984a). 

2.4 Bureau o f  F o r e s t  Development 
Programs 

The RFI) r e p o r t s  rfevel o p i  ng 22,750 
ha o f  fuelwnod p l a n t a t i o n s  s i n c e  1979. 
r lore t h a n  o n e - f o u r t h  a r e  i n  t h e  p r o v i n c e  
o f  Cagayan i n  n o r t h e a s t e r n  Luzon (NEA 
1984a). The BFU uses a  "communal t r e e  
farm"  approach t h a t  p r o v i d e s  up1 and farm 
fami 1  i e s  w i t h  t e c h n i c a l  ass i s tance ,  
seeds and seed1 i n g s ,  and l e g a l  access t o  
land.  

The BFD a l s o  a l l o w s  p r i v a t e  com- 
pan i  es t o  deve lop energy p l  a n t a t i  ons on 
government l a n d  under i t s  I n d u s t r i  a1 
Tree P l  a n t a t i o n  ( ITP)  Program, Tax 
exempt ions,  c r e d i t  p r i o r i t y  , e x p o r t  p r i  v- 
i l e g e s ,  and o t h e r  i n c e n t i v e s  a r e  p ro -  
v i d e d  a1 ong w i t h  l ow-cos t  50-year l a n d  
leases.  Only a  few ITP 1  i censes  have 
been granted,  however, and l i t t l e  o r  no 
p l a n t i n g  has been accomplished. 

2.5 Other  Government Programs 

A few p r o v i n c i a l  , mun ic i  p a l  , and 
barangay ( v i  11 age) governments a r e  deve l -  
o p i n g  t r e e  farms, u s u a l l y  i n  response t o  
d i  r e c t i v e s  from Man i la  r e q u i  r i n g  l o c a l  
governments t o  e s t a b l  i sh energy p l  an- 
t a t i o n s .  Compliance i s  f a r  s h o r t  o f  
u n i v e r s a l ,  however, and success fu l  l o c a l  
government p l a n t a t i o n s  a r e  seldom seen. 
The l o c a l  programs usual  l y  l a c k  f i n a n c i a l  
resources,  t e c h n i c a l  e x p e r t i s e ,  and a  
c l e a r  d e f i n i t i o n  o f  t a r g e t  b e n e f i c i a r i e s .  

2.6 Nongovernment I n i  t i a t  i ves 

Severa l  f o r e i g n  a s s i s t a n c e  o rgan i  - 
z a t i o n s  (e,g,, U.S. Agency f o r  I n t e r -  
n a t i o n a l  Development, World Bank, As ian 

Oevel opment Bank, and p r i v a t e  v o l u n t a r y  
o r y a n i  z a t  i o n s )  now suppor t  energy p l a n -  
t a t i o n  development w i t h  v a r y i n g  degrees 
o f  success. I n  a d d i t i o n ,  a  growing 
number o f  p r i v a t e  c o r p o r a t i o n s  and i n d i -  
v i d u a l  s  a r e  p roduc ing  t r e e s  f o r  fuelwood, 
espec i  a1 l y  i n  areas where dependabl e 
markets  e x i s t  ( e , y , ,  l l o c o s  tabacco- 
growing reg ion ,  western  V i  sayas sugar-  
p r o d u c i  ng reg ion ,  and areas su r round i  ng 
dendrothermal p l  an ts ,  smef t e r s ,  p o t -  
t e r i e s ,  e tc , ) ,  These p r i v a t e  i n i t i a t i v e s  
a r e  o f t e n  more success fu l  t h a n  govern- 
ment p r o j e c t s  because t r e e s  a r e  p l a n t e d  
on b e t t e r  q u a l i t y  l a n d  and more p r o t e c -  
t i o n  i s  g i v e n  t o  young p l a n t a t i o n s .  
Because nongovernment p l a n t a t i o n s  a r e  so 
w i d e l y  d i spersed ,  however, no a c c u r a t e  
e s t i m a t e s  o f  t h e i r  t o t a l  area o r  s t a n d i n g  
volume a r e  a v a i l a b l e ,  

3. P l a n t a t i o n  Es tab l i shment  

P l  a n t a t  i o n  e s t a b l  i shrnent procedures 
va ry  th roughou t  t h e  P h i l i p p i n e s  w i t h  
c l i m a t i c ,  edaphic,  s o c i a l ,  and economic 
d ?  f f e r e n c e s ,  Nonetheless,  common a c t i  Y -  

i t f e s  and exper iences can be presented,  

3.1 P l a n t a t i o n  L o c a t i o n  

Wi th2a  p o p u l a t i o n  d e n s i t y  o f  184 
people/km , i n t e n s e  p ressures  a r e  p l a c e d  
on t h e  P h i l i p p i n e  l a n d  base. As a  
r e s u l t  , most qua1 i t y  1  owl and i s  occup ied 
by  a g r i c u l t u r a l  f i e l d s ,  i n d u s t r i a l  f a c i  l- 
i t i e s ,  houses, o r  roads. Energy p lan -  
t a t i o n s  and a s s o c i a t e d  f o r e s t r y  produc- 
t i o n  a c t i v i t i e s  a r e  u s u a l l y  r e l e g a t e d  t o  
r o a d l e s s  s i t e s ,  which a r e  steep,  rocky,  
and i n f e r t i l e ,  

Surveys o f  NEA and FSOC energy 
p l a n t a t i o n  s i t e s  r e v e a l  t h a t  t r e e s  a r e  
o f t e n  p l a n t e d  on 40- t o  60-degree s lopes.  
S o i l s  w i t h  pH below 5.0 predominate a t  
some l o c a t i o n s ,  Dry  seasons t y p i c a l  l y  
l a s t  5 t o  7 months a t  many p r o j e c t  
s i t e s ,  The l a c k  o f  roads and t r a i  1s a t  
nlountair l  s i t e s  comp l i ca tes  s e e d l i n g  
d i s t r i b u t i o n ,  s i l v i c u l t u r a l  a c t i v i t i e s ,  
and m a r k e t i n g  o f  wood. 

Elost l a n d  now b e i n g  developed by 
NEA, FSDC, and MHS programs was p re -  
v i o u s l y  under t h e  management o f  t h e  BFD. 



The BFU has f r e q u e n t l y  been accused o f  
r e f u s i n g  t o  r e l i n q u i s h  c o n t r o l  o f  i t s  
b e t t e r  lands t o  o t h e r  agencies.  

I n  some areas,  power fu l  p o l i t i c i a n s  
have i n f l u e n c e d  pt anners t o  l o c a t e  p r o j -  
e c t s  so as t o  p r o v i d e  maximum efilploy- 
n e n t  and b e n e f i t s  f o r  t h e i r  c o n s t i t u e n t s  
o r  hometowns. Not s u r p r i s i n g l y ,  s i t e  
s e l e c t i o n  based more on p o l i t i c s  t h a n  on 
s  i 1  v i  cs  has genera l  l y  produced poor  
r e s u l t s ,  

3.2 Species S e l e c t i o n  

G i a n t  i p i  1  - i p i  1  i s  t h e  most conmnn 
spec ies  grown i n  P h i l i p p i n e  energy p l a n -  
t a t i o n s ,  making up a t  l e a s t  90 percen t  
o f  t h e  t o t a l  area p l a n t e d .  The t r e e  
grows r a p i d l y ,  f i x e s  n i t r o g e n  i q  t h o  
s o i  1 ,  i s  easy t o  manage, and copp ices 
r e a d i l y  a f t e r  h a r v e s t i n g ,  I n  a d d i t i o n ,  
i t s  wood makes exce l  l e n t  f u e l  and char -  
c o a l ,  and i t s  leaves make h i g h - p r o t e i n  
1  i vestock feed ( N a t i o n a l  Research 
Counc i l  1984), Leucaena grows p o o r l y ,  
however, a t  a1 t i  tudes  above 500 m o r  
h here s o i l  pH i s  below 5.5. 

I n  t h e  e a r l y  y e a r s  o f  energy p l a n -  
a t  i on devel  opment , many s i t e s  p l  an ted  
' i t h  i p i l - i p i l  were b e t t e r  s u i t e d  f o r  

o t h e r  species.  The r e s u l t s  were some- 
t i m e s  d i s a s t r o u s .  O f  1,031 ha p l a n t e d  
a t  one dendrothermal p r o j e c t  s i t e ,  f o r  
example, o n l y  10 ha s u r v i v e ,  

More e f f o r t  i s  now b e i n g  made t o  
d i v e r s i f y .  T r i a l s  have been e s t a b l i s h e d  
i n  f o u r  areas o f  t h e  c o u n t r y  t o  system- 
a t i c a l  l y  assess t h e  p o t e n t i a l  o f  18 
o t h e r  species,  A f t e r  2  years ,  pu Gmel i n a  
a rbo rea  Roxb., Acac ia  a u r i c u l  i f o r m i s  A, 
Cunn. ex Benth., Acac ia  mangium Wi l ld . ,  
G l i r i c i d i a  sepium (Jacq.) Steud., 
A l k i z i a  lebbek (I.) Benth., C a l l i a n d r a  ------ 
c a l o t h y r s u s  -- ~ e i s s n . ,  -- c a s s i a  - s p e c t a b i  ----- 1  i s  
DC,, and severa l  e u c a l y p t s  a r e  demon- 
s t r a t i  ng t h e  most p o t e n t i a l ,  

3.3 S i t e  P r e p a r a t i o n  

A l though secondary Fores ts  a r e  
occas iona l  l y  conver ted  t o  energy farms, 
p l a n t a t i o n s  a r e  usua l  l y  e s t a b l  i shed on 

g rdss lands  or h r ~ l s i j y  areas. There fo re ,  
c l e a r i n g  can t i s i l a l l y  be acconp l i shed  
w i t h o u t  c h a i n  saws o r  heavy equipment. 

Competing v e g e t a t i o n  i s  reifloved 
f ro in  p l a n t i n g  s i t e s  by s l a s h i n g  i t  w i t h  
b o l o s  (machetes).  S l a s h i n g  i s  o f t e n  
f o l l o \ r e d  by bu rn ing .  A l though most 
s i t e s  a r e  t o o  s teep o r  rocky  t o  p e r m i t  
i t ,  p l o w i ~ g  has been success fu l  i n  some 
areas (Cadaweng 1985). P lowing i s  
c o s t l y ,  b u t  i t  e f f e c t i v e l y  reduces com- 
p e t i t i o n  and a l l o w s  farmers t o  grow food  
c rops  d u r i n g  t h e  y e a r  f o l l o w i n g  p l a n -  
t a t i o n  es tab l i shment ,  

I n  some areas,  farmers d i g  h o l e s  
f o r  t h e  seed1 i n g s  severa l  weeks p r i o r  t o  
t h e  r a i n y  season so t h a t  p l a n t i n g  can 
p r ~ c e e d  q u i c k l y  when t h e  r a i n s  beg in .  

3.4 P l a n t i n g  

V i r t u a l l y  a l l  t r e e  p l a n t i n g  i n  t h e  
P h i l i p p i n e s  i s  done by hand. The 
spac i  ng n o s t  o f t e n  recomvendsd f o r  
energy p l a n t a t i o n s  i s  1 n x 1 q, o r  
7 L ~ I , ~ J V  I \  r i ( )  t r e e s / h a ,  Best  s w v i  va l  i s  

a t t a i n e d  when con ta ine r -g rown s e e d l i n g s  
a r e  p l a n t e d ,  b u t  d i r e c t  seeding i s  more 
common a t  most p l a n t a t i o n  s i t e s ,  Rare- 
r o o t  seed1 i ngs have been p l  anted suc- 
c e s s f u l l y  a t  a  few l o c a t i o n s  bu t  a r e  n o t  
used e x t e n s i v e l y .  Where s o i l  and w a t e r  
c o n d i t i o n s  a r e  f a v o r a b l e ,  d i  r e c t  seed ing 
can be j u s t  as success fu l  as p l a n t i n g  
s e e d l i n g s ,  and i t  i s  much more econorni- 
c a l  because n u r s e r y  o p e r a t i o n s  a r e  unnec- 
essary.  D i r e c t  seed ing sometimes 
r e s u l t s  i n  s tands t h a t  a r e  overs tocked,  
however, because farmers  t e n d  t o  p l a n t  
severa l  seeds a t  each h i  11. Wi th  good 
ge rm ina t ion ,  a  s tand  o f  20,000 t o  30,000 
stems/ha may r e s u l t ,  and few o f  t h e  
stems w i l l  grow t o  d e s i r e d  d iameters .  

I n  many p laces,  a  c rop  o f  up land  
r i c e ,  corn,  beans, o r  r o o t  c rops i s  
p l a n t e d  b e f o r e  o r  s i m u l t a n e o u s l y  w i t h  
t h e  seed1 i n g s  and ha rves ted  b e f o r e  t h e  
t r e e  canopy c loses ,  These crops p r o v i d e  
food and a d d i t i o n a l  income f o r  fa rmers ,  
wh ich h e l p s  o f f s e t  t h e i r  ou t1  ays f o r  
p l a n t i n g ,  By c u l t i v a t i n g  crops s i w u l t a -  
neous ly  w i t h  t r e e s ,  compet ing weeds and 
grasses a r e  more e f f e c t i v e l y  suppressed. 



I n  a d d i t i o n ,  where such crops a r e  
p l a n t e d ,  f a r r l e r s  t e n d  t o  he more a c t i v e  
i n  p r o t e c t  i ng t h e i  r p l  a n t a t  i ons f rorrl 

f i r e  and y r d z i n y  l i v e s t o c k ,  

3.5 Weeding 

P l a n t a t i o n s  must be weeded f r e -  
quent 1  y u n t  i 1  t r e e s  reach a  h e i  y h t  aF 
1 , 5  t o  2 m, o r  u n t i  1 t h e  canopy beg ins  
t o  c l o s e  and t h e  t r e e s  a r e  a b l e  t o  corn- 
p e t e  e f f e c t i v e l y  w i t h  grasses and weeds, 
Tenacious qrasses such as coyon - 

--- i n d r i c a  (L.)  ~ e a u v . )  and 
accharum spontaneum ( L a ) )  a r e  

usua l  l y  t h e  most t rodblesome. . A t '  i e a s t  
t h r e e  weedings about 2 months a p a r t  a r e  
necessary  b e f o r e  t r e e s  o v e r t a k e  t h e  
grasses.  On p o o r e r  s i t e s ,  severa l  more 
c l e a n i n g s  may be r e q u i  red.  

Grasses and weeds a r e  c u s t o m a r i l y  
c u t  by hand w i t h  curved g r a s s - c u t t i n g  
b lades  o r  bo los ,  b u t  a t  l e a s t  one p r o j -  
e c t  i s  h a v i n g  considerable success w i t h  
h e r b i c i d e s  (Cadaweng 1985) ,  A f t e r  
grasses and weeds a r e  c u t ,  t h e y  a r e  
p laced  a t  t h e  base o f  t h e  young t r e e s  
f o r  r ~ u l c h .  

3,6 F e r t i  l i z a t i o n  

V a r i o u s  f e r t  i 1  i z e r  formul  a t  i ons a ~ d  
app l  i c a t  i on r a t e s  a r e  recomnended a t  
p l a n t a t i o n  s i t e s ,  The recomnendat i o n s  
a r e  o f t e n  ignored,  however, because o f  
t h e  h i g h  c o s t  o f  f e r t i l i z e r ,  A  p a r t i a l  
s o l u t i o n  suggested by Johnson (1985) 
c a l l  s  f o r  more c a r e f u l  ma tch ing  o f  spe- 
c i e s  t o  s i t e s ,  t h u s  rni n i m i  z i  ng t h e  need 
f o r  f e r t i l i z e r .  

3.7 Labor and M a t e r i a l  Requirements 

Labor  and m a t e r i a l  r e q u i  rements f o r  
p l a n t a t  i o n  e s t a b l  i shment va ry  c o n s i d e r -  
a b l y  w i t h  c o n d i t i o n s  at each p l a n t i n g  
s i t e  and w i t h  t h e  method o f  e s t a b l i s h -  
ment. Rased on 4 y e a r s  "experience a t  
44 p r o j e c t  l o c a t i o n s ,  t h e  MEA Dendro 
Thermaf Development O f f i  ce has e s t i m a t e d  
t h e  average r e q u i  rements f o r  e s t a b l  i sh- 
i ng leucaena p l a n t a t i o n s  ( t a b l e  3 ) .  
S i m i  1  a r  r e q u i  renen ts  have been observed 
f o r  o t h e r  species,  

4 ,  P I  a n t a t i o n  Maintenance and 
P r o t e c t  i o n  

A f t e r  t rees  reach  2 m i n  h e i g h t ,  a 
m i n i n u n  o f  maintendqce i s  requ i red ,  A 
merlber o f  t h e  t r e e  far i r l  Fani l y  may occa- 
s i o n a l l y  v i s i t  t h e  p l a n t a t i o n  t o  guard 
a g a i n s t  wander ing l i v e s t o c k ,  w i l d f i  res ,  
and i l l e g a l  woodcut ters ,  b u t  p l a n t a t i o n s  
a r e  seldom checked more t h a n  two o r  
t h r e e  t i m e s  a week a f t e r  t h e  f i r s t  
g rowing season, 

I n  areas o f  h i g h  f i r e  danger, some 
farmers  b u i l d  f i r e b r e a k s  around t h e i r  
p l a n t a t i o n s ,  b u t  most do not ,  F i r e -  
breaks a r e  seldom more than  2 o r  3 m  
wide and a r e  r a r e l y  adequate f o r  
s t o p p i n g  ma jo r  f i r e s ,  

S e r i o u s  p s y l l i d  ( 
cubana Crawford)  i n f e s t a t i o n s  a r e  now 
b e i n g  encountered i n  many leucaena p l a n -  
t a t i o n s ,  A l though t h e  d e f o l i a t o r s  can 
be c o n t r o l  l e d  by s p r a y i n g  w i t h  sys temics  
( N i t r o g e n  F i  x i  ng Tree Associ a t  i on 1986) , 
most fa rmers  a r e  r e l u c t a n t  t o  i n v e s t  i n  
i n s e c t i c i d e s  t o  p r o t e c t  t r e e s ,  They 
p r e f e r  t o  a l l o w  t h e  i n f e s t a t i o n  t o  r u n  
i t s  course, c o n f i d e n t  t h a t  t h e  t r e e s  
w i l l  s u r v i v e ,  Most t r e e s  do s u r v i v e ,  
b u t  growth i s  s e v e r e l y  c u r t a i l e d  by t h e  
d e f o l i a t i o n s ,  

P l  anners and p r o j e c t  managers have 
f r e q u e n t l y  d iscussed t h i n n i n g  o p t i o n s  
f o r  p l a n t a t i o n s  (Dugan 1985; Fo res t  
Eng ineer ing  I n c o r p o r a t e d  1984; Paper 
I n d u s t r i e s  C o r p o r a t i o n  o f  t h e  
P h i l i p p i n e s  1985). T h i n n i n g  would be 
b e n e f i c i a l  , e s p e c i a l  l y  where d i  r e c t -  
seeded stands have over  10,000 stems/ha. 
To date,  however, very  t i t t l e  t h i n n i n g  
has occur red,  Many managers a r e  a f r a i d  
t h a t  encourag i  ng farmers  t o  t h i n  w i  11 
l ead t o  o v e r c u t t i  ny, Conversely,  many 
farrners a r e  r e l u c t a n t  t o  c u t  any t r e e s  
b e f o r e  they  reach f i n a l  h a r v e s t  age, 
s i n c e  they  b e l  i e v e  t h a t  a l l  stems--even 
t h o s e  i n  dense s t a n d s - - w i l l  reach a  
d e s i r e d  l a r g e  d iamete r  i f  a l l o w e d  t o  
grow, Others  f e e l  t h e  r e t u r n s  w i l l  n o t  
o f f s e t  t h e  l a b o r  and m a r k e t i n g  c o s t s  
a s s o c i a t e d  w i t h  t h i n n i n g ,  



Table 3.--Labor and ma te r ia l  requirements per hectare f o r  th ree  methods o f  
e s t a b l i s h i n g  leucaena energy p lan ta t i ons  i n  t h e  Ph i l i pp ines  

A c t i v i t y  
D i  r e c t  Cont a i  ner-grown Rare - roo t  
seedi  ng seedl  i ngs seed1 i ngs 

Nursery Establ i shment 

C l e a r i n g l b r u s h i n y  
Nursery  bed p r e p a r a t i o n  
Top s o i  1  c o l l e c t i o n  
Baggi n y j p o t t i  ng 
Sowing 
Mai ntenance and c a r e  
L i f t i n g  
Trirnrni ng 
Mud puddl i ng/pack i  ng 

P lan ta t i on  Establishment 

C l  e a r i n g / b r u s h i n g  
S t a k i n g  
Ho le  d i g g i n g  
P I  a n t i  ng 
T r a n s p o r t i n g  s e e d l i n g s  

P lan ta t i on  Maintenance 

F e r t i l i z e r  a p p l i c a t i o n  
P e s t i c i d e  a p p l i c a t i o n  
F i  r s t  weedi ng 
Second weedi ng 
Th i  r d  weedi ng 
F i  rebreak c o n s t r u c t  i o n  

Tota l  

Mater i  a1 s  

Seeds 
P l a s t i c  bags 
F e r t i l i z e r  
P e s t i c i d e  

2.5 kg 1.5 kg 2.0 kg - - 12,000 p i e c e s  - - 
1 bag 1 bag 1 bag 
1 q t  1 q t  1 q t  

Source: Dendro Thermal ~ e v e l  opment O f f  ice,  Nat ional  E lec t  r i  f i c a t  i o n  
Adminis t rat ion,  Ph i l ipp ines .  



5 ,  Growth and Yield 

Growth  r a t e s  o f  energy pl a n t a t i o n s  
v a r y  tremendous] y, dependi ng on t h e  
q u a l i t y  s f  management and t h e  s i t e ,  On 
e x p e r i m e n t a l  p l o d s ,  growth  o f t e n  a v e r -  
ayes w e l l  ove r  100 m 3  (40 tjlhalyr 
(Bawayan and Senana 19773, and t h i s  
level has been approached under  opera- 
t i o n a l  cond i t i ons  on f a v o r a b l e  s i t e s  
( NEA 1985). 1 Exper ience a t  NEA p l  an- 

t a t i o n s  i n d i c a t e s  growth  r a t e s  range 
from l e s s  than 20 m3 (8 t ) j h a l y r  t o  
90 m3 (36 t ) /ha /y r  ( t a b l e  4), Growth 
averages  between 41) and 60 mJ (16-24 t)/ 
h a  annually (Garid-ie and  Moore 1985; 
b4acOicken 1385; M A  1985; Van Den B e l d t  
b9134), 

b ~ l e s s  o t k ~ r w ~ s e  ~ndrcated, %"refers d o  a s t acked  
c u b r c  meter, or s te re ,  o f  wooa, The we igh t  o f  a 
s t a c k e d  m3 o t  giant rp:l-ipil wood averages  400 kg. 

Table 4.--Estimates o f  growth a t  selected N a t i o n a l  Elec t r i f i ca t ion  A d m i n i s t r a t i o n  
energy pa a n t a t i  onr i n  the  Phi 1 i p p i  nes 

Nane 
a n d  

l o c a t  i on 

ANTECO, Antique 53 33-50 38 40 43 

CASUKECO I'd, Camarines Sur N A 80-98 5 13 83 7 7 

FICELCO, Catanduanes 3 1 48-63 N A 213 36 

ISECO, I l o c o s  83 6 1-80 7 5 63 7 3 

[ lean 46 49-63 52 49 5 0 

_-- _ _ - - -  - - - ----- - - - - - - - - - - - - - -  - - - . - - - - - - . . . - - - -  - - - - - - - -  - - - - -  - - - - - - -  _ - - - - -  - -  - 

NA  = Not a v a i l a b l e ,  

I s t a c k e d  m3 ( s t e r e s j  a v e r a g i n g  400 k g  green weight, 

Sources: Column A, Gaudie and Moore (1985);  Column H ,  MacDickenj 1985); Column C, NEA 
(1985) ; C o l u m n  D ,  Van Den B e l d t  (1984).  



Under average c o n d i t i o n s ,  t r e e s  
t h a t  a r e  t o  he u t i l i z e d  f o r  Fi rewood o r  
charcoa l  can be ha rves ted  a f t e r  3 years .  
Subsequent copp ice crops a r e  h a r v e s t a b l e  
a f t e r  2 years.  P l  a n t a t  i o n s  prodlrc i r lg 
f u e l  f o r  dendrodhermal powerp lants  a r e  
a l l o w e d  t o  grow 3 t o  5 y e a r s  b e f o r e  t h e  
f i r s t  ha rves t ,  Ry t h e n ,  t r e e s  normal ly  
range froil 5 t o  13 c1-i i n  d iamete r  a t  
b r e a s t  h e i g h t  (d.h,h.), depending Q Q  

s tand  d e n s i t y ,  s i t e  q u a l i t y ,  dnd growing 
c o n d i t i o n s .  Coppice crops reach harvest- 
a b l e  s i z e  i n  2 do  4 years,  

6 ,  Marves t ing  

Most energy p l a n t a t i o n s  a r e  c l e a r -  
c u t  15 t o  25 cm above t h e  ground a t  t i m e  
o f  ha rves t ,  Small branches and t o p s  a r e  
t r immed f rom t h e  stems and l e f t  i n  t h e  
f i e l d  where t h e  t r e e s  a r e  f e l l e d ,  

I f  t h e  t r e e s  a r e  s o l d  d i r e c t l y  as 
fuelwood, they  a r e  c a r r i e d  o r  dragged t o  
t h e  roads ide  where t h e y  a r e  bucked and 
stacked. I f  charcoa l  p r o d u c t i o n  i s  
d e s i r e d ,  t r e e s  a r e  forwarded t o  k i l n s  
b e f o r e  bucking,  

6.1 f o a l s  and Equipment 

H a r v e s t i ~ g  o f  energy p l a n t a t i o n s  i n  
t h e  P h i l i p p i n e s  i s  n e a r l y  altdays done 
w i t h  c h a i n  sans, bo los ,  o r  both,  

P/(any o f  t h e  l a r g e r  o p e r a t i o n s  
employ cha in  saws, p r i m a r i l y  t o  speed up 
h a r v e s t i n y ' a c t i v i t i e s  when c o n t r a c t s  
r e q u i r e  wood t o  be d e l i v e r e d  by a spe- 
c i f i c  date, Chain saws Filay a l s o  he used 
when l a b o r  i s  t e m p o r a r i l y  i n  s h o r t  
supp ly .  

A t  some p l  a n t  a t  i ons (e, g, , CASURECO 
IV, Gamarines Sur) ,  t r e e s  a r e  f e l l e d  by 
c h a i n  saws, then  l imbed  and t r immed by 
l abore rs  u s i n g  bo los ,  A t  FICELCO 
(Catanduanes) , t r e e s  a r e  f e l  l ed and 
l i m b e d  by bo lo ;  c h a i n  saws a r e  used only 
t o  buck l o g s  t o  t h e  l e n g t h  d e s i r e d  by 
t h e  buyer, 

O r i g i n a l  p l a n s  c a l  l e d  f o r  fa rmers  
a t  a1 l dendrothernal p r o j e c t  s i t e s  t o  
h a r v e s t  t h e i r  t r e e s  w i t h  r e n t e d  c h a i n  
saws, A t  FANELCO I (Pangasinan),  
however, where t h e  most h a r v e s t i n g  
e x p e r i e n ~ g  has been gained so f a r ,  f a r 9 -  
e r s  have abandoned t h e  use o f  c h a i n  saws 
i n  f a v o r  s f  bolos ,  The h i gh  c o s t s  o f  
f u e l ,  a l o n g  w i t h  u n f a m i l i a r i t y  w i t h  
chain-saw o p e r a t i o n  and maintenance, a r e  
i d e n t i f i e d  as t h e  m a i n  reasons f o r  
v ~ a q t i n g  t o  r e t u r n  t o  b o l o  h a r v e s t i n g .  
Chronl"ca1ly d u l l  and i m p r o p e r l y  adjusted 
c h a i n s ,  broken cha ins ,  and p o o r l y  t~lraec-l 

engines a r e  common p roh lenq ,  

S t r ~ d i e s  hy Hodan and Assoc ia tes ,  
I n c ,  (1385) an4 t h e  I n t e r n a t i o n a l  t a h o r  
Oryani  r a t i o n  (Laarnan and o t h e r s  1961) 
suppor t  t h e  rise o f  hand too ls  o v e r  c h a i n  
sdws f o r  h a r v e s t i n g  s n a l l  t r e e s ,  Hodan 
a n d  Associ a t e < ,  Xnc, (1985) recorlmend 
t h e  f o l  l o w i n g  guide1 i n e s  f a r  h a r v e s t i n g  
fue lwood p l a n t a t i o n s :  

*Trees  up t o  8 crn i n  d i a m e t e r  
shou ld  be f e l l e d ,  topped, and 
bucked w i t h  b o l o s ,  

*Axes shou ld  be used t o  f e l l  
and t o p  t r e e s  w i t h  d iameters  
g r e a t e r  t h a n  8 cm, 

.Row saws shou ld  be used f o r  
buck ing  t rees  l a r g e r  than  8 
cm i n  d iame te r ,  

.Gu t t i ng  w i t h  c h a i n  sans i s  
n i ~ h  n o r e  expensi  ve  t h a n  
c u t t i n g  w i t h  ho los ,  axes, 
a n d  how saws; t h e r e f o r e ,  the 
rrse o f  c h a i n  saws shou ld  he 
a vo i ded  , 

A l  thorrgh i n  the  I n t e r n a t i o n a l  Lakor  
Organi z a t i o n  s t u d i e s ,  handtoo l  s were 
found t o  be cos t  c o m p e t i t i v e  w i t h  smal l  
c h a i q  saws, bow saws were reconmended 
o v e r  axes o r  b o l o s  because o f  f a s t e r  
c i ~ t t i n g  speed and s m a l l e r  k e r f  (Lanrman 
a n d  o t h e r s  1981), The I n t e r n a t i o n a l  
l a b o r  Oryani  z a t i o n  s t u d i e s  were con- 
duc ted  i n  p l a n t a t i o n s  o f  A l b i z i a  f a l c a -  ---- ---- 
t a r i  a ( L . ) '  Fosb., where t r e e  d i  arneters -... 
a r e  somewhat g r e a t e r  and wood i s  l e s s  
dense t h a n  i n  most energy p l a n t a t i o n s ,  
however, A d d i t i o n a l  research  w i t h  



sl-ictl 1 -ti i ai?i;l+,er t r e e s  an4 1+r75t3r S ~ F ? C  I e i  
i s  n e c e s 5 a r j  t o  r e c o n c i  1 e t t i >pa ren t  
i rlcorlS3 s t e n i l  rts betwecn  t ' 7 ~  rec0171.1~rf- 
dd t i c in - ;  i>t t l ~ e  t ior-fa~ a n d  ' i s s i i c i  a t e s ,  
I n c . ,  dnd ' ? t e r n a t i o n a l  "nbt~r  Jrgdni-  
z a t  i on s t  t e a i l s  , 

C i  t i r i : ~  resiil t s  o f  t h e  t-iociam a n d  
A s s o c i ? t e s ,  inc, ,  s t u d i s ,  t h e  YEA has 
p r o v i  -tcd s , i l k t  c r m p e r a t  i v e s  ;.ti t h  bow slws 
nnd axes.  k c s e  t o o l s  hav? n o t  been 
atdide7y t J - i s t r ~ i > u t e r f ,  however, 2nd i t  
re ina i  7s t o  hr seen how we1 l t i l e y  w i  1 1  bc 
n c c e p t e d  t-ty t r e e  fd r i r le rs  dfi t i  l a h o r e r s .  

Tab1 $3 5.--1CSk14 p i ~ r ~ h d s e  prices o t  t o o l  s irnd ~ I I I  pmerlt 
used f o r  h a r v ~ s t i n g  enf3ryy p i a n t a t i o n s  I n  t h e  
P h i l ~ p p r n e s  

E q i i i  prient  P u r c h d s ~  p r i  CP 

Pcs;(~s Dol 1 a r s  

Oslo  j i , rachetr-) 5 0  2.70 

AX 150 8 - 1 1  

Bow SdW 2oii 10.!11 

Cha in  saw 

Stla11 ( 1 4  t o  1h I n .  b a r )  6 ,liijU 324.32 

L a r y e  14,000 756.76 

Source:  Hodam and A s s o c i a t e s ,  Inc. (1985). 

6.2 Produc t ion  Rates 

H a r v e s t i n g  p r o d u c t i o n  r a t e s  v a r y  
w i t h  t h e  s k i l l ,  s t r e n g t h ,  and s tac t i na  of  
o p e r a t o r s  and 1  a b o r e r s ;  t h e  e y u i  pment 
used;  t h e  t o p o g r a ~ h y  o f  t h e  g l a n t d t i o n ;  
t h e  d e n s i t y  and s i z e  o f  t h e  t r e e s ;  t h e  
c l  i rna te ;  and o t h e r  f a c t o r s .  

S t u d i e s  c o n d u c t e d  by  Hodam and 
A s s o c i a t e s ,  Inc, ,  ( 1985 )  i n d i c a t e  t h a t  a  
l a b o r e r  can  c u t ,  t o p ,  buck ,  and s t a c k  an 
a v e r a y e  o f  2.5 m 3  ( 1  t )  wood lday  w i t h  
h a n d t o o l  s. F i  e l  d  e x p e r i e n c e  a t  PANELCO I, 

Rowever, h<js  5hown t h a t  I 2 b o r e r s  
dve rage  o n l y  1.5 n i  (50U n g ) / d a y  i f  h a r -  
v e s t i q g  w i t h  b o l o s  a l o n e  (8edano 1c485). 
H a r v e s t i n g  s t a n d s  o f  ave rdge  y i e i  d (2cli) 
i n j / h a  a f t e r  3 y e a r s  o f  g r l ~ w t i ~ )  r e q i i i r e 5  
db i l i j t  135 w ~ r k e r - d a y s / h ; t ,  

A t  FICELCO, l a b o r e r s  u s i n g  b o l o s  
f e l l  an avo rage  o f  120 t r e e s  (8 t o  13 c t l  
i n  d i d n e t e r ) / d a y ,  About  50 t r e e s  a r e  
1  i n b e d  and topped p e r  day  by each 
7 a k o r e r ,  

A t  C A S U R E C U  IV, each w o r k e r  f e l l s  
an ave rage  (,f 3~ 1.1' ~ o ~ l i ~ i d y  w i t h  a 
c h d i n  saw. Otl3er w o r k e r s  t h e n  t r i n  and 
s t a c k  t h e  wood by hand. 

6.3 Labo r  Costs 

L a b o r e r s  who h a r v e s t  energy  p l a n -  
t a t i o n s  d r e  p a i d  i n  one o f  two  ways: 
( a )  based on a  d a i l y  wage s c a l e ,  o r  ( b )  
a c c o r d i  ng t o  work pe r f o r i ned  ( "pakyao "  
s y s t e n ) .  

Oai  l y  wages f o r  wood c u t t e r s  mos t  
o f t e n  r e f l e c t  t h e  p r e v a i l i n g  r a t e s  f o r  
u n s k i l l e d  l a b o r ,  T h i s  r a t e  ranges  f r o m  
20 pesos ($1 ,08 ) f day ,  o r  l e s s ,  t o  as 
n u c h  as 35 pesos ($1 .89) /day .  Some 
g o v e r n n e n t - s u p p o r t e d  p r o j e c t s  pay t h e i  r 
1  a h o r e r s  a c c o r d i  ny t o  n i  nimur-i wage s t a n d -  
a r d s  ( 3 6  pesos o r  $1.95, p e r  day i n  
1 9 8 5 ) ,  even t hough  such r a t e s  a r e  o f t e n  
s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  p a i d  by  
p r i v a t e  e n t e r p r i s e s ,  wh i ch  o f t e n  i g n o r e  
1  e g i  s l  a t e d  wage s t a n d a r d s  i n  r u r a l  
a reas .  Chain-saw o p e r a t o r s  a r e  con- 
s i d e r e d  semi s k i  11 ed  and cur:~mand cfai 1  y  
wages r a n g i n g  f r o m  5 t o  15 pesos ($0.27 
t o  $0.81) above t h o s e  f o r  o t h e r  l a b o r e r s ,  

The pakyao n e t h o d  o f  cor12ensat i o n  
i s  p r e f e r r e d  by p r o j e c t  nanage rs  and 
a d n i n i s t r a t o r s  a t  most  s i t e s .  The 
s y s t e n  a l l o w s  l a b o r e r s  t o  work a t  t h e i r  
own pace and s e t  t h e i r  own hou rs  o f  
work.  At  PAPjELCO I, where f a r m e r s  a r e  
p a i d  43.33 pesos [82 .34 ) /nL  by  t h e  
c o o p e r a t i v e ,  sorne far r - lers  r e p o r t e d l y  
s u b c o n t r a c t  t h e  h a r v e s t i n g  o f  t h e i  r 
t r e e s  t o  o t h e r  l a b o r e r s ,  U s i n y  a  pakyao  
system, t r e e  f a r i ne r s  pay  l a b o r e r s  15  
t o  20 pesos ($0.81 t o  $1.(18)/n3 f o r  h a r -  
v e s t i n y .  L a b o r e r s  c u t t i n y  1.5 m3/day 
t h e r e f o r e  e a r n  22.50 t o  30.00 pesos  



($1  .22 t o  $1.62). The t o t a l  l a b o r  c o s t  
o f  h a r v e s t i n g  a h e c t a r e  y i e l d i n g  200 r-i5 
i s  3,WO t o  4,000 pesos ($162 t o  S 2 l i i ) ,  

A l l  o f  t h e  c o o p e r a t i v e s  o p e r a t i ~ y  
dendro thermal  powerpl  a n t s  now use t h e  
pakyao system t o  purchase wood on a 
vo fune  o r  we igh t  b a s i s .  P r i c e s  range 
f rom 25 pesos ($1 , ? 5 ) / r ? 3  a t  CASIJIIECO I V  
t o  60 pesos (93.24)/mJ a t  I N E C  ( i l o c o s  
N o r t e ) ,  d e l i v e r e d  t o  r o a d s i d e  o r  i a h l e -  
s i d e  l o a d i n g  p o i n t s ,  These r a t e 5  
i n c r e a s e  t o  30 pesos ($1.62) and -35 p e ~ r ? ~  
($4,59), r e s p e c t i v e l y ,  i f  wood i s  d e l i v -  
e r e d  t o  t h e  powerp lan ts ,  Payments con- 
pensa te  b o t h  t h e  stumpage v a l u e  o f  t h e  
wood and t h e  l a b o r  r e q u i r e d  t o  h a r v e ~ t  
and ~ w v e  i t  t o  a s % ~ r l b l y  p o i n t s  o r  t h e  
powerp lan ts .  

7, Fo rward ing  

Rugged topography,  and t h e  l d c k  o f  
roads and t r a i l s ,  makes f o r w a r d i n g  wood 
f rom i t s  p o i n t  o f  h a r v e s t  t o  l o a d i n g  
s t a t i o n s  a long  roads  o r  cableways one o f  
t h e  most cha l  1 e n y i  n j  t d s k s  a t  energy 
p l a n t a t i o n s .  

7.1 I n i t i a l  Fo rward ing  P lans 

The g o v e r n m e ~ t ' s  e a r l y  p l a n s  f o r  
f o r w a r d i n g  c a l l e d  f o r  t h e  use o f  rnotor- 
d r i v e n  s k y l  i n e s  a t  seve ra l  p l a n t a t  i ons ,  
These p o r t a b l e  " feeder  winches" were t o  
f o r w a r d  wood t o  l o a d i n g  s t a t i o n s  a long  
t h e  p r i m a r y  wood t r a n s p o r t  systems. The 
NEA made an i n i t i a l  purchase o f  20 
winches from A u s t r i a  i n  1981 and 1982. 
The c o s t ,  i n  1985 tertns, was n e a r l y  
500,000 pesos ($27,001)) each. 

CASUKECO iV i s  t h e  o n l y  c o o ~ e r a t i v e  
u s i n y  t h e  winches a t  t h i s  t ime.  P r o j e c t  
managers r e p o r t  f o r w a r d i n g  an averdye o f  
50 mi wood/day/un i t .  However, exper ience  
a t  CHSUKECO IV has shown t h a t  t h e  winches 
t a k e  c o n s i d e r a b l e  t i m e  and s k i l l  t o  s e t  
up; t h a t  t h e y  a r e  n o t  e a s i l y  t r a n s p o r t e d  
t o  rugged, r o a d l e s s  areas;  and t h a t  f u e l  
and maintenance c o s t s  a r e  s i g n i f i c a n t .  

7.2 C u r r e n t  P r a c t i c e s  

C u r r e n t l y ,  most f o r w a r d i  ng depends 
on manpower a lone.  Workers c a r r y  o r  
s k i d  l o g s  down mounta in  s lopes  w i t h o u t  
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observed.  A t  t h e  C A S I M E C O  i V  deqdro-  
t n e r  la l p r o j e c t ,  t h r e e  o p c r a t i g n s  a r e  
siir-7~3irnes used t o  rwve wood t o  d t r u c k  
i o a d i  rly p o i n t .  Fro17 where i t  i s  har -  
vested,  wood i s  f i r s t  c a r r i e d  a s h o r t  
d i s t a n c e  t o  a hand-winch c a b l e  systerri, 
The hand winches,  wh ich  have a  cdpac i  t y  
o f  ahout o n e - t h i  r d  o f  a rq3, feed t o  
n o t o r - d r i  ven sky1 i nes ( d e s c r i b e d  above).  
Each s k y l  i ne c a r r i e s  between 1,s and 2 
m 3 / t r i p  and d e p o s i t s  wood d i  r e c t l y  a t  4 

t r u c k  l o a d i n g  p o i n t .  

A t  R o l i n a o  (PANELCO I), t h e  cooper -  
a t i v e  uses t r u c k s  t o  h e l p  fo rward  wood 
t o  l o a d i  ng s t a t i o n s  a l o n g  t h e  nonocab le  
l o o p s  which se rve  a s  t h e  p r i m a r y  t r a n s -  
p o r t  system f o r  t h e  p l a n t a ~ , i o n .  The 
p o t e n t i a l  f o r  f o r w a r d i n g  wood by t r ~ ~ c k ~  
i s  l i m i t e d ,  however, by t h e  o p p o r t l m i t i ~ r  
t o  c o n s t r u c t  roads w i t h i n  t h e  
p l a n t a t i o n .  

7.3 F u t u r e  A l t e r n a t i v e s  

Sevz ra l  a roposa l  s  have heen 
advanced t o  h e l p  s o l v e  t h e  fo rda rc l i ng  
~ r o b l e r n .  The most n o t a b l e  i n c l u d e  
sugges t ions  f o r  hand winches, carabao 
( w a t e r  b u f f a l o )  s k i d d i n g ,  p o l y e t h y l e n e  
p i p e  s l  i d e s  , carabao-powered cab1 e 
y a r d i  qg, and smal l  low-cost  r ~ o t o r - d r i  ven 
" s d i  ng" winches ( F o r e s t  Eng ineer ing  
I n c o r p o r a t e d  1984; Hodarn and Assoc ia tes ,  
I n c ,  1985). 

I n  I las ip iquena"  s  d e t a i l e d  s t u d i e s  
(19821, carabao s k i d d i n g  proved a t t r a c -  
t i v e .  H i s  s t u d i e s  deterrf i ined s k i d d i n g  
s tandards  f o r  v a r i o u s  d i s t a n c e s ,  l o a d  
s i z e s ,  g r a d i e n t s ,  and s k i d d i n g  d e v i c e s  
( s l e d y e ,  cone, pan).  S k i d d i n g  produc-  
t i o n  ranged f rom 2.80 mJ/day under 
adverse c o n d i t i o n s  ( s k i d d i n g  d i s t a n c e  o f  
500 m y  adverse s l o p e  o f  20 pe rcen t ,  l o a d  
s i z e  o f  0.2 m3) t o  17.94 m3/day under  
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he P h i l i p p i n e s '  f i n a n c i a l  c r i s i s ,  new h i g h  investment  c o s t ,  i n f l e x i b i l i t y  
arge-capac i  t y  t r u c k s  a re  n e a r l y  ( d e s p i t e  p l a n n e r s '  a n t i c i p a t i o n s )  , and 
mpossi b l e  t o  o h t a i  n. i nappropr ia teness  f o r  t h e  admi n i  s t r a t i  ve 

and p h y s i c a l  s e t t i n g s  a t  some p l a n -  
P r i v a t e  t r l r c k e r s  a r e  h i r e f !  t o  haul  t a t i o n s ,  Furthermore,  t h e  NEA and t h e  

wood a t  severa l  p l a n t a t i o n s .  Cont r a c t n r s  l 3 D C  l a c k  personnel  w i t h  exper ience t o  
a r e  p a i d  6.00 t o  8.00 pesos ($0.32 t o  i n s t a l  l, operate ,  and nainta l 'n  t h e  
$0,43)/m3 f o r  l o a d i n g  and un lsad iny .  systems. 
T r a n s ~ o r t  charges a r e  2.130 t o  3.00 pesos 
( $ O e l l  t o  $ I f . I fJ ) fn3/km f o r  s h o r t  haul  s 
and about 1.(30 peso ($il,i?t;) /rnls/kq f o r  
l o n g  hau ls ,  

8.2 Cable T ranspor t  

Bo th  t h e  NEA and t h e  FSDC expect  t o  
use l i g h t  cableways t o  t r a n s p o r t  wood i n  
rugged, road1 ess areas. A f t e r  s t u d y i  ng 
t r a n s p o r t  o p t i o n s  i n  1979-80, t h e  NEA 
approved t h e  use o f  a Swiss-manufactured 
rnonocable systern because o f  t h e  
f o l  l o w i  ng f e a t u r e s  (Sev i  11 a 1985) : 

.The system t r a n s p o r t s  1 i g h t  bundl es 
o f  wood which a r e  e a s i l y  handled by 
1 aborers .  

.The sys ten  i s  f l e x i b l e ;  i t  can be 
r e 1  ocated as c o n d i t i o n s  denand. 

.Repairs a re  e a s i l y  made. 

,The system can be powered by 
e l e c t r i c i t y  produced by t h e  NEA 
dendro t  hermal powerpl a n t s  . There- 
f o r e ,  f i n a n c i a l  c o s t s  a r e  lower  
t h a n  f o r  systems powered by gaso- 
1 i he o r  d i e s e l  engines,  

I n  1981-82, t h e  NEA purchased 10 
cableway u n i t s  from S w i t z e r l a n d  f o r  
approx ima te ly  5 m i  1 l i o n  pesos ($270,000) 
each (1985 pesos). The system uses 
14-mm-diameter c a b l e  i n  l oops  up t o  13 
km i n  l eng th ,  The c a b l e  i s  s t r a t e g i -  
c a l l y  e r e c t e d  t o  a l l o w  l o a d i n g  o f  wood 
a t  severa l  p o i n t s  th roughou t  t h e  p l a n -  
t a t i o n .  Wood i s  bund led i n  s l i n g s  
accommodating about 0.25 rn3 each and 
hooked t o  t h e  c o n t i n u o u s l y  moving mono- 
cable.  The c a b l e  can be d r i v e n  by 
e i t h e r  d i e s e l  o r  e l e c t r i c  power and 
i s  capable  o f  t r a n s p o r t i n g  12 t o  15 t 
wood/ h r e  

D e s p i t e  i t s  repu ted  advantages, t h e  
monocable system has been s t r o n g l y  c r i t -  
i c i z e d  by independent observers  f o r  i t s  

Only ad PANELCO I has one o f  t h e  
u n i t s  been f u l l y  i n s t a l l e d  and operated.  
E leven l a b o r e r s  a r e  needed t o  opera te  
t h e  system, b u t  e x t r a  workers a r e  some- 
t i m e s  h i r e d  on a pakyao b a s i s  ( a t  1.00 
p e s o l s l i n g  loaded and hooked t o  t h e  
monocable) t o  speed l o a d i n g  o p e r a t i o n s ,  
A l though t h e  system i s  capable  o f  t r a n s -  
p o r t i n g  15 t (37.5 n,) o f  wood/hr, p ro -  
d u c t i o n  r a r e l y  surpasses 11 t (27.5 m3)/ 
h r  (Hinayon 1985). A ma jo r  problem i s  
f o r w a r d i n g  s u f f i c i e n t  wood t o  t h e  mono- 
c a b l e  t o  ensure e f f i c i e n t  opera t ion ,  

8.3 Haul ing  w i t h  Carabao C a r t s  

Among t h e  unconven t iona l  t r a n s p o r t  
p roposa ls  i s  one t o  use four -wheeled 
carabao c a r t s  as an a l t e r n a t i v e  or 
supplement t o  t r u c k s  and cableways. The 
c a r t s  a r e  equipped w i t h  mechanical  brakes 
and rubber  t i r e s ,  and have a c a p a c i t y  o f  
a t  l e a s t  2.5 m3. S i m i l a r  c a r t s  t e s t e d  
by PICOP commonly haul  4.0 m3 o r  more. 
Us ing a l l  new m a t e r i a l s ,  c a r t s  can be 
f a b r i c a t e d  f o r  about 15,000 pesos ($810) 
each (Hodam and Assoc ia tes ,  Inc .  1985). 

8.4 C a r t  and Truck Roads 

I f  t r u c k s  o r  carabao c a r t s  a re  used 
f o r  h a u l i n g  wood, adequate road networks  
must be developed and main ta ined,  At  
some p l a n t a t i o n  s i t e s ,  c o n s t r u c t i o n  o f  
new roads i s  necessary. A t  o the rs ,  
e x i s t i n g  roads can be rehab i  1 i t a t e d ,  
Recommended road spec i  f i c a t i o n s  a re  
shown i n  t a b l e  6 ,  

Hodam and Assoc ia tes ,  Inc .  (1985) 
e s t i m a t e  t h e  f o l  l o w i n g  f i n a n c i a l  c o s t s  
f o r  road c o n s t r u c t i o n  and maintenance: 

New t r u c k  road 70,000 pesos 
c o n s t r u c t  i on ($3,784)/km 

Truck road 13,000-63,000 pesos 
r e h a b i l  i t a t i o n  ($703-$3,405) /km 



Truck road 7,500 pesos P I  anners r e a l  i zed t h a t  m i  s takes wotl1 cl. 

mai ntenance ($405) l h f y r  occur  bu t  b e l i e v e d  t h a t  c o r r e c t i o n s  
cou ld  be nade as proyrarqs evo l  ved, 

Carabao c a r t  road 38,000-50,080 pesos Ser ious  j j rnbler ls  have nl ready emerged, 
c o n s t r u c t i o n  ($2,054-$2,703) /km and ddd i  t i  research  i s  needed f o r  

p roy rans  t o  rernai n  v i  ah1  e ,  
Carabao c a r t  road 5,000 pesos 
maintenance ($270) l k m f y r  

These e s t i m a t e s  assume t h a t  heavy 
equipment can be borrowed f rom P r o v i n -  
c i a l  Eng ineers '  O f f i c e s  o r  t h e  M i n i s t r y  
o f  Pub1 i c  Highways, w i t h  t h e  energy p r o j -  
e c t s  p a y i n g  o n l y  f o r  f u e l ,  o i l ,  l a b o r ,  
and maintenance, I f  t h e  c o s t  o f  r e n t i n g  
heavy equipment i s  i n c l u d e d ,  t r u c k  road 
c o n s t r u c t i o n  c o s t s  i n c r e a s e  t o  about 
5U0,000 pesos ($27,00O)/km and c a r t  road 
c o n s t r u c t i o n  c o s t s  i n c r e a s e  t o  125,000 
pesos (86,750)fkm. Costs  were d e r i  ved 
f rom a  s tudy by t h e  I n t e r n a t i o n a l  Labor 
O r g a n i z a t i o n  (1983).  

Tab le  6 . - - S p e c i f i c a t i o n s  f o r  c a r t  roads and t r u c k  roads 
a t  energy p l a n t a t i o n s  i n  t h e  P h i l i p p i n e s  

Featu res  C a r t  roads Truck roads 

Design speed 

Format ion  w i d t h  

Trave l  w i d t h  

Turnou ts  

G r a d i e n t s  

Adverse 

Favorab le  

Curve r a d i u s ,  min. 

f i g h t  d i s t a n c e ,  min. 

Surface 

Weight c a p a c i t y  

- - 

4 m 

3 m 

1 0 x 2 ~ 1  

7% max 

10% max 

25 m 

- - 

y r a v e l  

3 t 

45 km/h 

7  rn 

5 m 

1 5 x 3 ~ 1  

7% max 

10% max 

100 m 

40 m 

g r a v e l  

20 t 

Source: Hodam and Assoc ia tes ,  Inc.  (1985). 

9. Research Needs 

A sense o f  urgency m o t i v a t e d  
P h i l i p p i n e  energy p l a n n e r s  i n  t h e  l a t e  
1970 's  and e a r l y  1 9 8 0 ' s .  A c t i o n -  
o r i e n t e d  a1 t e r n a t  i ve energy programs 
were f a v o r e d  over  t h o s e  demanding ex ten -  
s i v e  p r e l  i m i  na ry  research,  FSIIC, NEA, 
and i lHS programs w i t h  amb i t i ous  goa ls  
were e s t a b l i s h e d  and funded generous ly ,  

9, l  Species T r i a l s  

The almost e x c l u s i v e  use o f  g i a n  
i p i  1 -i p i  1  f o r  energy p l  a n t a t i  ons has 
r e s u l t e d  i n  very  poor  stands a t  some 
s i t e s ,  The need t o  d i v e r s i f y  i s  
apparent ,  b u t  1  i t t l e  research o f  a l t e  
n a t i v e  spec ies  has been completed, 
T r i a l s  e s t a b l i s h e d  i n  1983-85 must be 
m a i n t a i n e d  a t  l e a s t  2  more years  t o  b  
u s e f u l ,  Moreover, t r i a l s  shou ld  be 
expanded t o  encompass a  g r e a t e r  v a r i e  
o f  c l i m a t i c  and edaphic  c o n d i t i o n s .  

9.2 Economics of  P l a n t a t i o n  
S t o c k i n g  

Opt imal  p l a n t a t i o n  d e n s i t y  and 
r o t a t i o n  age a r e  c r i t i c a l  i ssues  f o r  
p l a n t a t i o n  f o r e s t r y  i n  t h e  P h i l i p p i n e s .  
Most wood-energy s p e c i a l  i s t s  agree t h a t  
t h e  g r e a t e s t  biomass y i e l d s  a r e  o b t a i n e d  
f rom ve ry  dense ly  s tocked p l  a n t a t  i ons .  
But  because p l a n t a t i o n s  a r e  usual  l y  
l o c a t e d  on s teep s lopes and wage r a t e s  
a r e  r e l a t i v e l y  low, n e a r l y  a l l  aspects  
o f  p l  a n t a t  i on management a r e  performed 
manual ly .  Therefore ,  dense s t o c k i n g  
means inc reased  expend i tu res  f o r  
p l a n t i n g ,  weeding, t h i n n i n g ,  h a r v e s t i n g ,  
t r a n s p o r t ,  and hand1 i ng. 

Severa l  observers  have suggested 
t h a t  p l a n t a t i o n  c o s t s  c o u l d  be reduced 
s i g n i  f i c a n t l y  by p l  a n t i  ng fewer seed- 
l i n g s  pe r  hec ta re ,  i n t e n s i f y i n g  t h i n n i n y  
regimes, and l e n g t h e n i n g  r o t a t i o n s  
(Uugan 1985; F o r e s t  Engi n e e r i  ng I n c o r -  
p o r a t e d  1984; PICOP 1984). Research i n  
t h i s  area must i n t e g r a t e  s i  1  v i c u l t u r e ,  
b iomet ry ,  and e n g i n e e r i n g  economics t o  
d e r i v e  y i e l d  and c o s t  f u n c t i o n s  w i t h i n  
an o p t i m i z i  ng mu1 t i  r o t a t i o n  framework 
(Laarman and o t h e r s  1986). 

9.3 Economic Eva1 u a t i o n  o f  
P l a n t a t i o n  I n p u t s  

PZarket p r i c e s  a r e  most o f t e n  used 
f o r  t h e  i n i t i a l  ana lyses o f  energy 
p r o j e c t s  and a l t e r n a t i v e s  i n  t h e  



P h i l i p p i n e s ,  Subsidies,  taxes,  t r a d e  
r e s t r i c t i o n s ,  p r i c e  c e i  1 i ngs ,  and m i n i -  
mum wage l e g i s l a t i o n  a l l  d i s t o r t  market 
p r i c e s  from t h e  t r u e  economic va lue o f  
commodit ies and serv ices ,  however. 
S ince taxes and subs id ies  are merely 
t r a n s f e r  payments w i t h i n  soc ie t y ,  they  
do no t  increase o r  d i m i n i s h  t h e  t o t a l  
wea l th  of t h e  coun t ry  and should no t  be 
i n c l  uded i n  economic analyses, 
S i m i l a r l y ,  p r i c e  c o n t r o l s  and n in imun 
wage 1  aws prevent  p r i  ces from s t a b i  - 
1  i z i  ng a t  t r u e  economi c  values. Where 
unemployment and underemployment are 
h igh,  workers might  g l  ad l y  accept wages 
f a r  below l e g i s l a t e d  minimum ra tes .  I n  
such instances,  t h e  o p p o r t u n i t y  cos ts  o f  
h i r i n g  l a b o r  a re  l e s s  than t h e  minimum 
wage r a t e  because l abo re rs  w i l l  remain 
re1 a t  i ve l y  unproduct i ve i n  t h e  absence 
o f  t h e  p r o j e c t - - s o c i e t y  g ives up l i t t l e  
o r  no th i ng  when l abo re rs  become employed 
by t h e  new p r o j e c t .  

! lore e f f e c t i v e  p r o j e c t  dec i s i on -  
making can be made i f  a l l  economic e v a l -  
u a t i o n  i s  based on "shadow p r i c e s "  t h a t  
r e f i  e c t  t h e  t r u e  soc i  a1 o p p o r t u n i t y  
cos t s  o f  p r o j e c t  impacts. Shadow p r i c e s  
a re  no t  always easy t o  est imate,  however. 
Research i s  needed t o  accu ra te l y  de te r -  
mine what s o c i e t y  g ives  up by commit t ing 
land, c a p i t a l ,  and l a b o r  resources t o  
energy p r o j e c t s  i ns tead  o f  a1 t e r n a t i  ve 
p r o j e c t s .  Only when r e a l i s t i c  shadow 
p r i c e s  have been est imated f o r  a l l  p r o j -  
e c t  i n p u t s  can p lanners be sure o f  
making sound economic dec is ions .  

9.4 Harves t ing  S tud ies  

The NEA and t h e  FSDC are  now encour- 
ag ing  farmers a t  some s i t e s  t o  harves t  
w i t h  bow saws and axes, i n  combinat ion 
w i t h  bolos. I n  l i g h t  o f  t h e  d i f f e r i n g  
recommendations o f  Hodam and Associates,  
Inc., and I n t e r n a t i o n a l  t abo r  Oryani-  
z a t i o n  study teams, f u r t h e r  research i s  
needed be fo re  l a r g e  investments a re  made 
f o r  new ha rves t i ng  t o o l  s. 

when ha rves t i ng  t r e e s  t h a t  are 4 t o  7 cq  
d.h.h., hu t  h a r v e s t i ~ g  l a r g e r  stems may 
be r ~ o r e  e f f i c i e n t  i f  bow saws and axes 
a re  accepted by farrrlers, 

9.5 N u t r i e n t  Cyc l i ng  Stud ies 

The long-range impacts o f  repeated 
biomass harves t  on s o i l  f e r t i l i t y  a re  
n o t  we l l  understood. The species t h a t  
i s  p lanted,  t h e  frequency o f  harvests ,  
t h e  i n t e n s i t y  o f  removals, and o t h e r  
f a c t o r s  may a1 1  i n f  1  uence nu t  r i  en t  
c y c l i n g .  Stud ies should be implemented 
immediately t o  man i to r  t h e  long-range 
e f f e c t s  o f  p l  a n t a t  i o n  management on s o i  1  
n u t r i e n t  l eve l s ,  These s tud ies  should 
be coord ina ted  w i t h  s i m i l a r  s t ud ies  i n  
o t h e r  p a r t s  o f  t h e  world. 

9.6 Forwardi  ng and Transport  
S tud ies  

Considerable t e s t i n g  o f  proposed 
f o rwa rd i  ng and t r a n s p o r t  a1 t e r n a t i v e s  i s  
needed be fo re  t h e  a l t e r n a t i v e s  can be 
implemented on a  l a r g e  scale.  Tests a re  
needed most f o r  techno1 og i  es t h a t  a re  
s t i l l  l a r g e l y  unproven (e.g., carabao- 
powered yarders,  po l ye thy l  ene chutes, 
carabao c a r t s ) .  

Stud ies o f  t h e  e f f e c t s  o f  l o g  
1  ength on t h e  economics o f  t r a n s p o r t  are 
a l s o  necessary. Cu r ren t l y ,  most l o g s  
a re  bucked i n t o  1-rn leng ths  a t  t h e  farm 
gate. Th is  l e n g t h  permi ts  easy s c a l i n y  
o f  t h e  wood, bu t  increases handl i n g  
costs .  Consul tants  (Fores t  Engineer ing 
Incorpora ted  1984; P I C O P  1984) have 
suggested i nc reas ing  s tandard l o g  
leng ths  t o  3 t o  4 m, o r  r e t a i n i n g  l ogs  
i n  t r e e - l e n g t h  form. I f  handl i n g  cos t s  
can be s u b s t a n t i a l  1y reduced by t r a n s -  
p o r t i n g  1  onger logs,  new scal  i ng tech-  
n iques should be developed t h a t  would 
a l l o w  p r o j e c t s  t o  purchase and t r a n s p o r t  
l onge r  logs. 

S tud ies  o f  t h e  optimum s i z e  o f  
t r e e s  f o r  ha rves t i ng  a re  a l s o  needed. 
These should be coord ina ted  w i t h  spacing 
and r o t a t i o n  s tud ies  descr ibed above. 
Woodcutters now seen most p roduc t i ve  
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