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CONFERENCE OBJECTIVES 

The purpose  of t h i s  confe rence  is  t o  f a m i l i a r i z e  . 
t h o s e  a t t e n d i n g  w i t h  t h e  most up-to-date i n f o r -  
mat ion about  u t i l i z a t i o n  of t r o p i c a l  f o r e s t s .  

A l l  major i s s u e s  w i l l  b e  d i s c u s s e d  i n c l u d i n g :  

The r e s o u r c e  
Environmental  concerns  
S i l v i c u l t u r e  
H a r v e s t i n g  and t r a n s p o r t a t i o n  
lJood f i b e r  and r e c o n s t i t u t e d  

p r o d u c t s  r e s e a r c h  
I n d u s t r i a l  p r a c t i c e s  and p l a n s  
Investment  c o n s i d e r a t i o n s  

While t h e r e  is some emphasis on r e s e a r c h  t h a t  
t h e  F o r e s t  P roduc t s  Labora to ry  r e c e n t l y  com- 
p l e t e d  i n  c o o p e r a t i o n  w i t h  t h e  Agency f o r  
I n t e r n a t i o n a l  Development, o t h e r  r e s e a r c h  con- 
duc ted  worldwide w i l l  a l s o  be  i n c l u d e d .  

T h i s  c o n f e r e n c e  should t h u s  g i v e  anyone in -  
t e r e s t e d  i n  improved u t i l i z a t i o n  of t h e  t r o p i c a l  
f o r e s t  a good background i n  i t s  problems and 
p romises .  
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QUANTITY AND QUALITY 

OF THE TROPICAL FOqESTS 

S. L.  P r i n g l e  

INTRODUCTION 

The vege t a t i on  of t h e  Tropics ,  t h e  b e l t  between t h e  Tropic  of Cancer 
and t h e  Tropic of Capricorn (23.5' N and 23.5' S) is extremely v a r i e d ,  
and f r e q u e n t l y  complex. T t  ranges from spa r se  d e s e r t  vege t a t i ons  t o  t h e  
r i c h  evergreen r a i n  f o r e s t s .  The v a r i e t y  r e f l e c t s  d i f f e r e n c e s  i n  climate-- 
e s p e c i a l l y  temperature  and mois ture  and t h e i r  seasona l  v a r i a t i o n s .  These, 
i n  t u r n ,  a r e  g r e a t l y  in f luenced  by l a t i t u d e ,  a l t i t u d e ,  and c o n t i n e n t a l  
pos i t i on .  I n  some cases  t r a n s i t i o n s  a r e  gradual .  I n  o t h e r s ,  o f t e n  because 
of p a s t  h i s t o r y ,  t h e  changes a r e  abrupt .  With t h i s  d i v e r s e  s t r u c t u r e ,  
t h e  development of a  uniform vege t a t i on  c l a s s i f i c a t i o n  has  been d i f f i c u l t  
d e s p i t e  t h e  e x c e l l e n t  e f f o r t s  of many r e sea rche r s .  The r ecen t  UNESCO 
c l a s s i f i c a t i o n  r e c o  n i z e s  w i th in  t h e  t r o p i c s ,  a t  l e  st 3 1  subca t ego r i e s  

34 11 of woodland,2/ 6 of scrub,- and 12  of t r e e d  of c losed  rests,- 
savannahs,@ a s  w e l l  a s  many more wi th  t h e  occurrence of widely s c a t t e r e d  
trees. A l l  of t h e s e  subca tegor ies  may provide some form of wood products ,  
o the r  t r e e  c rop ,  o r  some s e r v i c e  from t h e  environmental e f f e c t s  of trees. 

Indeed, t h e  t r eed  savannahs and t h e  woodlands supply a  ve ry  s u b s t a n t i a l  
po r t i on  of t h e  l a r g e  amounts of fuelwood consumed i n  t h e  t r o p i c a l  r eg ion ,  
a s  w e l l  a s  a  number of commercial woods f o r  l o c a l  i n d u s t r y  o r  even expor t .  
They may even have a  good p o t e n t i a l  f o r  conversion t o  f o r e s t  p l a n t a t i o n s .  
It is,  however, t h e  f i r s t  ca tegory ,  "closed f o r e s t s , "  t o  which t h i s  
paper w i l l  d i r e c t  primary a t t e n t i o n .  These f a l l  l a r g e l y  i n t o  two major 
groups : 

(a) t h e  moist  f o r e s t s  inc lud ing  evergreen r a i n  f o r e s t s  (with con- 
s i d e r a b l e  d i f f e r e n t a t i o n  w i t h  a l t i t u d e  o r  edaphic c o n d i t i o n s ) ,  mangroves, 
t h e  evergreen seasona l  f o r e s t s ,  semideciduous f o r e s t s ,  moist  deciduous 
f o r e s t s ,  t h e  evergreen needle-leaved f o r e s t s ,  and bamboo. 

(b) t h e  d r y  f o r e s t s  of predominantly deciduous d rough t - r e s i s t an t  
spec i e s .  

11 Formed by trees a t  l e a s t  5  m. t a l l  wi th  t h e i r  crowns in t e r lock ing .  - 

21 Composed of t r e e s  a t  l e a s t  5  m. t a l l  bu t  wi th  crowns not  u s u a l l y  - 
touching bu t  wi th  ground coverage of a t  l e a s t  40%. 

31 Woody shrubs Q.5 t o  5  m. t a l l ,  e i t h e r  open shrub land o r  c losed  - 
t h i c k e t s .  

41 Grasslands wi th  10-40% cover of trees. - 

PREVIOUS PAGE BLANK 



There a r e  i n  a d d i t i o n  some c lo sed  f o r e s t s  w i t h  extremely xeromorphic t r e e s  
a l t hough  t h e s e  o f t e n  g r ade  i n t o  woodlands o r  sc rub .  The important  
t r o p i c a l  evergreen needle- leaved fo res t s - - the  p i n e  f o r e s t  of C e n t r a l  
America and South  Eas t  Asia--are from t h e  u t i l i z a t i o n  p o i n t  of view much 
l i k e  some tempera te  p ine  f o r e s t s  and may no t  be  of s p e c i f i c  i n t e r e s t  t o  
t h i s  Conference.  

DISTRIBUTION OF TROPICAL FORESTS 

The accompanying map&/ show t h e  f o r e s t  cl imax a r e a s  f o r  majo; f o r e s t  
type  groups i n  t h e  t r o p i c s .  The p r e sen t  e x i s t i n g  f o r e s t  a r e a s  a r e  
cons ide r ab ly  l e s s  than  t hose  i n d i c a t e d  f o r  c l imax a r ea s . /  

Th i s  in format ion  is  a l s o  summarized i n  Annex I .  The mois t  evergreen  f o r e s t  
shows g r e a t  d i v e r s i t y  w i t h  va ry ing  e l e v a t i o n  d r a inage  and s o i l  a s  w e l l  
a s  over  t h e  broad range  of t h e  f i v e  c o n t i n e n t s  where i t  i s  found. Some 
i n d i c a t i o n  of t h e s e  d i f f e r e n c e s  a r e  shown i n  t h i s  Annex. Because of t h e i r  
s p e c i a l  s i t u a t i o n - - c o a s t a l  a c c e s s i b i l i t y  and good u t i l i z a t i o n  p o s s i b i l i t i e s - -  
mangroves have been g iven  i n d i v i d u a l  a t t e n t i o n  on t h e  maps and Annex I. 

QUANTITATIVE APPRAISAL 

Informat ion  i s  f a r  from adequa te  f o r  even a g e n e r a l  o v e r a l l  q u a n t i t a t i v e  
a p p r a i s a l  of t h e  t r o p i c a l  f o r e s t s .  Although q u i t e  a  few c o u n t r i e d l  have 
under taken,  o r  a r e  conduc t ing ,  some form of n a t i o n a l  (o r  n e a r l y  n a t i o n a l )  
f o r e s t  i nven to ry ,  t h e r e  a r e  s t r i k i n g  gaps i n  t h e  d a t a  f o r  t h e  r e g i o n  as 
a  whole. 

Good d a t a  are o f t e n  a v a i l a b l e  bu t  a r e  i n  many c a s e s  on ly  p a r t i a l - - f o r  
p a r t s  of c o u n t r i e s ,  l i m i t e d  s p e c i e s  o r  s i z e  classes--and a r e  seldom 
comparable w i t h  r e s p e c t  t o  d e f i n i t i o n  and c l a s s i f i c a t i o n  of f o r e s t  types  
and o r g a n i z a t i o n .  Three major f o r e s t e d  c o u n t r i e s  ( B r a z i l ,  Indones ia ,  
and Z a i r e ) ,  one i n  each  c o n t i n e n t a l  a r e a ,  which account  f o r  more than  two- 
t h i r d s  of t h e  t r o p i c a l  c l o s e d  f o r e s t  a r e a ,  have no t  y e t  been a b l e  t o  
a s s e s s  w i th  any a p p r e c i a b l e  accuracy t h e i r  f o r e s t  r e sou rce s .  Th i s  i s  i n  

51 These maps a r e  based on a  number of sou rce s  and an  a r b i t r a r y  grouping of - 
f o r e s t  t ype  d e t a i l .  They draw heav i l y  from S c h m i t h ~ s e n ,  J . ,  "Atlas  Zur 
Biogeographie," B ib l i og raph i s ches  I n s t i t u t ,  1976, and Oxford Un ive r s i t y  
P r e s s  "Vegetat ion Map of Af r i c a , "  publ ished on beha l f  of t h e  Assoc i a t i on  
pour 1 'E tude  Toxonomique de  l a  F l o r e  d 'Af r ique  T rop i ca l e ,  w i t h  t h e  
a s s i s t a n c e  of UNESCO, 1959. 

61 A r e c e n t  a n a l y s i s  by Sommer h a s  i n d i c a t e d  t h a t  of t h e  1 ,600  m i l l i o n  ha.  - 
of c l imax a r e a ,  on ly  935 m i l l i o n  ha .  a c t u a l l y  remain i n  t h i s  f o r e s t  
cond i t i on .  

71 Among l a r g e r  c o u n t r i e s  w i t h  such  surveys  w i t h i n  t h e  p a s t  two decades  - 
might be mentioned Mexico, Ivory  Coast ,  L i b e r i a ,  N ige r i a ,  Sudan, Zambia, 
Kampuchea, i , la laysia ,  P h i l i p p i n e s ,  Sri-Lanka, Tha i land ,  a s  w e l l  a s  I n d i a  
and Indones ia  which have work i n  p rog re s s .  Other c o u n t r i e s ,  no t ab ly  
B r a z i l ,  a r e  i n  t h e  p roce s s  of n a t i o n a l  v e g e t a t i o n  napping.  
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Table 1.--Forest a r e a s  i n  t r o p i c a l  coun t r i e s  ( i n  m i l l i o n  ha) 

-- 

Region 
Tota l  Closed f o r e s t  Wood- Tota l  

land Total  Fioist nonconiferous 
land closed 

Dry Conifer Temperate 
a r e a  f o r e s t  

deci-  broad- 
Tota l  Mangrove Bamboo and 

duous leaved wood- 
land 

L a t i n  America 1,933 735 592 
Centra l  America/ 

Caribbean 272 7 2 36 
South America 1,661 663 556 

Afr ica  2,236 184 176 
Northern Savannah 525 -- -- 

I-' o West Afr ica  207 16 16 
Cent ra l  Africa 523 151 151 
East Africa 801 17 9 
Southern Afr ica  180 -- -- 

Asia P a c i f i c  
South Asia 
Southeast Asia 448 224 186 
o c e a n i d /  55 3 9 3 9 

Tota l  5,019 1,243 1,019 

1/ Does not  inc lude  A u s t r a l i a  which has cons iderable  a r e a  of moist t r o p i c a l  f o r e s t s .  - 



s p i t e  of t h e  marked a t t e n t i o n  which has  been given t o  t h e  f o r e s t  s e c t o r  
by t h e  f i r s t  two over t h e  l a s t  decade o r  so .  I n  t h e  e n t f r e  reg ion ,  
developments i n  f o r e s t  e x p l o i t a t i o n  and land c l e a r i n g  f o r  a g r i c u l t u r e  
have been r a p i d l y  p u t t i n g  o u t  of d a t e  earlier informatron. 

Nevertheless ,  o v e r a l l  s u m a r i e s ,  a l b e i t  sometimes f a i r l y  crude,  been 
made. On t h e  b a s i s  of work undertaken a t  FAO, ~ e r s s o n g l a n d  Sorn!:1' have 
prepared informat ive  s u m a r i e s  of e x i s t i n g  d a t a  and made bold estimates 
which a r e  most u s e f u l .  FA0 has r ecen t ly  publ ished a r e g i o n a l  summary of 
n a t i o n a l  f o r e s t  resource  information f o r  t h e  Asia and Far Eas t  ~ e ~ i o g /  
and is preparing a  s i m i l a r  volume on L a t i n  America. I n d i c a t i v e  of t h e  
d i f f i c u l t i e s  i n  prepar ing  such s t u d i e s  i s  e f a c t  t h a t  a  r ecen t  publ i -  
c a t i o n  on t h e  B r a z i l i a n  f o r e s t  s i tuat ion,&? provides  a  c losed  f o r e s t  a r e a  
e s t i m a t e  which is 1 8  m i l l i o n  ha. g r e a t e r  than  t h a t  p r ev ious ly  being used 
by FA0 ( i .e . ,  a  d i f f e r e n c e  i n  a r e a  roughly a s  l a r g e  a s  Uruguay). 

FOREST AREAS 

Table 1 provides  a  subreg iona l  summary of es t imated f o r e s t  a r e a s  f o r  a l l  
c o u n t r i e s  w i th  t h e  major p a r t  of t h e i r  a r e a  i n  t h e  t r o p i c a l  b e l t .  The 
c o u n t r i e s  included a r e  shown i n  Annex 11. The f o r e s t  a r e a s  a r e  much less 
than suggested i n  t h e  accompanying maps which show f o r e s t  climax a r e a s ,  - not  
e x i s t i n g  f o r e s t  a r e a s .  Of t h e  t o t a l  land a r e a  of s l i g h t l y  more than 
5,000 m i l l i o n  ha. i n  t he se  c o u n t r i e s ,  n e a r l y  2,300 m i l l i o n  ha. a r e  

121 es t imated  t o  have some e x i s t i n g  form of c losed f o r e s t  o r  woodland.- 
However, l i t t l e  more than ha l f  of t h i s  (1,240 m i l l i o n  ha.)  i s  es t imated  
t o  be c losed  f o r e s t .  Of t h i s ,  a  po r t i on ,  l a r g e l y  i n  Mexico and Argent ina,  
is i n  some form of temperate  f o r e s t ,  perhaps some 30 m i l l i o n  ha. 

Of t h e  r e g i o n ' s  c losed  f o r e s t ,  on ly  38 m i l l i o n  ha. a r e  es t imated t o  have 
predominantly coni fe rous  f o r e s t s .  A f u r t h e r  173 m i l l i o n  ha.  a r e  
i nd i ca t ed  a s  being d r y  deciduous c losed  f o r e s t ,  l e av ing  some 1,000 m i l l i o n  
ha.  a s  moist  c losed  forest--what i s  more commonly thought of a s  t h e  

81  Persson,  R. "World F o r e s t  Resources," 1974, and "Forest  Resources of - 
Afr ica ,"  P a r t  I, 1974, and P a r t  11, 1975, Royal College of Fo re s t ry ,  
Stockholm. 

91 Sommer, A. "Attempt a t  a n  assessment of t he  wor ld ' s  t r o p i c a l  moist  - 
f o r e s t , "  Unasylva 1976, Vol. 28, No. 112-113. 

101 FAO, "Forest  r e sou rces  i n  t h e  Asia and Far  East  Region," 1976. - 

111 I n s t i t u t o  B r a s i l e i r o  de Desenvolvimiento F l o r e s t a l ,  ~ i n i s t g r i o  de  - 
Agr icu l tu ra ,  " ~ i t u a q a o  F l o r e s t a l  B r a s i l e i r a , "  Tecnica S e r i e  4,  Coleqao: 
Desenvolvimiento e Planejamiento F l o r e s t a l ,  B r a s i l i a ,  1977. 

121  A u s t r a l i a ,  which is  excluded from t h e  t a b l e ,  has some 1 0  m i l l i o n  ha. - 
of t r o p i c a l  f o r e s t s ,  l a r g e l y  i n  Queensland. Of t h i s ,  some 2 m i l l i o n  
ha. a r e  t r o p i c a l  r a i n  f o r e s t s .  Most i s  euca lyp t ,  ranging  from dense 
f o r e s t  t o  woodland. 



t r o p i c a l  f o r e s t s .  Of t h i s ,  20 n l i l l ion  ha. a r e  crudely est imated a s  
mangroves on c o a s t a l  a r e a s  and a t  l e a s t  11 m i l l i o n  ha . ,  l a r g e l y  i n  Burma, 
a r e  i n  bamboo. It w i l l  be noted t h a t  more than ha l f  of t h e  c losed  
f o r e s t  i s  i n  La t in  America and t h a t  Afr ica  has t h e  predominance of woodland 
but  r e l a t i v e l y  l i t t l e  c losed  f o r e s t .  The Asia P a c i f i c  a r e a ,  we l l  known 
f o r  i t s  product ion of q u a l i t y  log  material, has only one-quarter of t h e  
closed f o r e s t .  

It i s  i n t e r e s t i n g  t o  no te  t h e  percentage of t h e  t o t a l  land a r e a  which i s  
i n  f o r e s t :  f o r  combined c losed  f o r e s t  and woodland--Latin America 57%, 
Af r i ca  35%, and Asia P a c i f i c  45%; however, f o r  c losed  f o r e s t  only--Latin 
America 38%, Afr ica  8%, and Asia P a c i f i c  38%. 

Est imates  of c losed  f o r e s t  a r e a  a lone  t e l l  l i t t l e  of t h e  na tu re  of t h e  
f o r e s t .  For example, of t h e  8 .3  m i l l i o n  ha.  of c losed  f o r e s t  i n  
Peninsular  Malaysia,  shown i n  a  r ecen t  inventory ,  nea r ly  ha l f  had been 
logged o r  was d i s tu rbed  by s h i f t i n g  c u l t i v a t i o n .  Iiere, t h e  u n i t  a r e a  
volume i s  only  ha l f  of t h a t  i n  t h e  undisturbed f o r e s t .  Of t h e  36.4 m i l l i o n  
ha. of c losed f o r e s t  i n  Papua New Guinea, 21.6 m i l l i o n  ha. a r e  c l a s s e d  a s  
noncommercial (because i t  i s  unproductive, secondary, savannah, p r o t e c t i v e ,  
o r  i n a c c e s s i b l e ) .  I n  t h e  Ph i l i pp ines ,  of 15.9 m i l l i o n  ha. of c losed  
f o r e s t ,  l e s s  than 5 m i l l i o n  ha. a r e  o ld  growth wi th  l e s s  than 25% of 
t h e  volume removed. This  a r e a  shows a  u n i t  volume of 267 m3/ha. Well 
over a  t h i r d  is c l a s sed  a s  reproduction-brush wi th  a  volume of only  1 5 ,  o r  
so ,  m3/ha. and another  one-f i f  t h ,  o r  s o ,  a s  young growth wi th  u n i t  
volumes of about 140 m3/ha. 

A r ecen t  summary of La t in  American f o r e s t  resources  est imated only 62% of 
t h e  closed f o r e s t  t o  be "operableu--capable of being "economically 
incorporated i n t o  t imber product ion because of t h e i r  eco log ica l  con- 
d i t i o n s  and loca t ion ."  

VOLUME OF GROWING STOCK 

Given the  unce r t a in ty  i n  f o r e s t  a r e a  e s t ima te s ,  it  is  obvious t h a t  
growing s tock  volume est imated f o r  t h e  reg ion  must have a  high degree  of 
inaccuracy,  p a r t i c u l a r l y  a s  a r e a ,  spec i e s ,  and s i z e  coverage a r e  s o  
f r equen t ly  incomplete o r  incomparable. Never the less ,  a t tempts  have been 
made t o  e s t ima te  t hese  volumes f o r  a l l  c o u n t r i e s  and a  summary of t h e  
l a t e s t ,  and hopefu l ly  t h e  b e s t ,  information is shown i n  t a b l e  2. No 
at tempt  is made he re  t o  break  down t h e  volume e s t i m a t e s  f o r  t h e  c losed  
f o r e s t  beyond nonconiferous and coni fe rous .  A crude e s t ima te  f o r  t h e  
growing s tock  volume of woodlands is a l s o  provided. It is seen t h a t  t h e  
est imated volume i s  heav i ly  concentrated i n  South America (56%), Cent ra l  
Af r i ca  (22%),  and Soutlleast Asia (12%). The coni fe rous  volumes a r e ,  
however, concent ra ted  i n  Cen t r a l  America. Also, a s  might be expected, 
volume of growing s tock  i n  woodlands i s  l a r g e l y  i n  Afr ica .  

Average volume per  h e c t a r e  i n  t h e  closed f o r e s t  v a r i e s  cons iderably  from 
region t o  region--136 m3/ha. i n  Lat in  America, 228 m3/ha. i n  Afr ica ,  and 
only 89 m3/ha. i n  t h e  Asia P a c i f i c  region.  It should,  however, be noted 



t h a t  f o r  La t in  America and Af r i ca  t he  e s t ima te s  were made on a  r e l a t i v e l y  
uniform b a s i s  f o r  a l l  c o u n t r i e s  of each reg ion ,  while  i n  t h e  Asia P a c i f i c  
reg ion ,  t h e  volume is the  r e s u l t  of country d a t a  which r e f l e c t  consi-  
derably  d i f f e r e n t  mfnimum diameters .  The higher  f i g u r e  f o r  Afr ica  may 
a l s o  r e f l e c t  t he  f a c t  t h a t  r e l a t i v e l y  l e s s  of t he  a r e a  included i n  c losed  
f o r e s t  is  i n  lower volume d r y  deciduous f o r e s t s .  

The growing s tock  volumes look q u i t e  d i f f e r e n t  when cons idera t ion  is given 
t o  cu r r en t  l e v e l s  of a c c e s s i b i l i t y  of f o r e s t  a r e a s  and t o  merchan tab i l i t y  
of spec i e s  and s i z e s .  It Is est imated t h a t  of t he  t o t a l  volume i n  c losed  
f o r e s t s  of La t in  ~ m e r  ic&/ only 31% is  of "cu r ren t ly  merchantable species"  
and only 60% when t h e s e  a r e  combined wi th  o the r  " p o t e n t i a l l y  commercial 
spec ies . "  Indeed, on ly  19% of t he  t o t a l  volume i s  est imated t o  be of 
p re sen t ly  commercial spec i e s  i n  "operable" f o r e s t s .  Of t h e  t o t a l  volume 
r e c e n t l y  est imated i n  B r a z i l i a n  closed f o r e s t s ,  only 22% is  considered 
a c c e s s i b l e  .B/ 

I n  t h e  Asia-Pacif ic  t r o p i c a l  reg ions ,  th ree-quar te rs  of t h e  closed f o r e s t  
volume i s  c l a s sed  a s  "operable," but on ly  t h r e e - f i f t h s  of t h i s  is  

161 considered a s  "cu r ren t ly  commercial .m For Afr ica ,  Persson- cons iders  
on ly  12% of t h e  est imated g ros s  volume of closed f o r e s t s  t o  be "commercial 
volume" ( i . e . ,  spec i e s  and s i z e s  t h a t  a r e  merchantable a s  i n d u s t r i a l  
wood a t  p r e s e n t ) .  Very l i t t l e  of t he  woodland volume i s  considered t o  be 
commerc i a l  . 
These r e l a t i v e l y  low propor t ions  of "access ib le , "  "operable," and 
"commercial" growing s tock  a r e  r e f l e c t e d  i n  t h e  a c t u a l  harves t ing  of t h e  
t r o p i c a l  moist  f o r e s t  which removes a  s e l e c t e d ,  u sua l ly  smal l ,  po r t i on  of 
t h e  t o t a l  volumes. Many spec i e s ,  grades,  and s i z e s  a r e  l e f t  unharvested. 
Sometimes, t h e  r e s i d u a l  s t ands  may be l e f t  a s  a  growing f o r e s t  t o  provide 
f u r t h e r  h a r v e s t s  a t  a  l a t e r  da t e .  llore f r equen t ly  i t  remains an unwanted 
noncommercial f o r e s t ,  making u n s a t i s f a c t o r y  use  of t h e  land o r ,  a t  b e s t ,  
being abandoned t o  unplanned low-intensi ty  a g r i c u l t u r a l  use.  I n  a  few 
cases ,  t hese  cut-over a r e a s  may be p a r t  of a  r e s e r v e  f o r  f u t u r e  i n t e n s i v e  
a g r i c u l t u r e .  

I n  t h e  t r o p i c a l  moist  f o r e s t  of West and Cent ra l  Af r i ca  where t h e  i n i t i a l  
growing s tock  may vary  from 100 t o  800 m3/ha, t h e  removals i n  commercial 
logging range normally between only 5 and 30 m3/ha, reaching 60 m3/ha' i n  
a  few c a s e s . g /  The volume of t r e e s  above normal c u t t i n g  diameters  
(about 60 cm) is  much higher--50 t o  150 m3/ha. 

131 Unpublished FA0 r e p o r t .  - 

141 I n s t i t u t o  B r a s i l e i r o  d e  Desenvolvimiento F l o r e s t a l ,  *. G. - 

161 Persson, 9. c i t .  - 

171 Er fu r th ,  T. and Rusche, H. "Marketing of Tropica l  Wood," FAO, 1976. - 



11 3 Tab le  2.--Growing s t o c k  o f  f o r e s t s  i n  t r o p i c a l  c o u n t r i e s  a n  b i l l i o n -  rn ) 

Closed f o r e s t s  Wood- 
Region Non- Coni- T o t a l  l a n d s  T o t a l  Remarks 

coni-  f e r o u s  
f e r o u s  

L a t i n  America 9 8 2.5 100 6 106 
C e n t r a l  American and 1 m i l l i o n  m3 is 

Caribbean 6 2 8 5 1 3  t empera te  
b road leaved  

South  America 92 .5 92 1 9 3 

A£ r i c a  4 2 .3 42 1 6  58 
Northern Savannah - - -- -- 2 2 
West A f r i c a  3 -- 3 1 4 
C e n t r a l  A f r i c a  3 7 -- 3 7  4 4 1 
E a s t  A f r i c a  1 . 6  .2 2 7 9 
Sou thern  Af r i c a  .1 .1 .2 1 . 5  2 

As ia  P a c i f i c  26 .5 27 3 3 0 
South A s i a  2.6 .4 3 1 4 
S o u t h e a s t  As ia  2 0 .1 20 2 22 
Oceania 3 -- 3 -- 3 Does n o t  in-  

c l u d e  t r o p i -  
c a l  A u s t r a l i a  

T o t a l  166 3.3 169 25 194 

11 1 ,000  m i l l i o n .  - 



I n  p a r t s  of i n s u l a r  Southeast  Asia a much l a r g e r  p o r t i o n  of the growing 
s t o c k  is i n  s p e c i e s  c u r r e n t l y  marketed. I n  Sabah, and p a r t s  of Indonesia  
and the P h i l i p p i n e s ,  the d ip t e roca rps  make, up about 80 percent  of s tand  
volume and the volume e x t r a c t e d  may average 50 t o  60 m3/ha w l th  a range  
of 20 t o  100 m3. Tn o the r  p a r t s  of t h e  reg ion  average e x t r a c t e d  volume 
is  lower,  f o r  example about  40 m3/ha i n  West Malaysia.  

The Amazon moist  f o r e s t s  a r e  complex and heterogeneous. Even i n  
r e l a t i v e l y  homogeneous a r e a s ,  from which come much of t h e  harvested 
i n d u s t r i a l  wood t h e  volume logged-out ranges ,  on t h e  average,  between 

3'  181 only 5 t o  1 0  m /ha.- 

ROLE OF TROPICAL FORESTS TN WOOD REMOVALS 

Table 3 summarizes tfie 1976 removals of wood from t h e  t r o p i c a l  f o r e s t s .  
Of t h e  t o t a l  n e a r l y  85% is  est imated t o  be  fuelwood and a s u b s t a n t i a l  
p o r t i o n  of t h e  i n d u s t r i a l  wood is  i n  t h e  form of bu i ld ing  po le s  and 
f o r e s t s  f o r  r u r a l  use.  T o t a l  nonconiferous removals of t h i s  r eg ion  
amount t o  36 percent  of t o t a l  world removals, bu t  i n d u s t r i a l  wood 
removals comprise only 11 percent  of t o t a l  world i n d u s t r i a l  wood. It 
should be s t r e s s e d ,  however, t h a t  t r o p i c a l  sawlogs and veneer  l o g s ,  
which i n  1950 made up only  6% of t h e  world 's  supply of these products ,  
comprised, i n  1976, 13%, and made up no t  on ly  t h e  b a s i c  domestic supply 
bu t  provided about 9% of t h e  consumption of i n d u s t r i a l  wood products  
i n  Japan and Europe combined. I n  a d d i t i o n  they provided t h e  major 
source  of  raw m a t e r i a l  f o r  t h e  expor t  wood i n d u s t r i e s  of a number of 
developing c o u n t r i e s .  However, i t  should be s t r e s s e d  t h a t  less than 2% 
of t h e  i n d u s t r i a l  wood harvested i n  t r o p i c a l  nonconiferous f o r e s t s  is  
used a s  pulpwood. 

USE AND MISUSE OF TROPICAL FORESTS 

Much has  been s a i d  of t r o p i c a l  f o r e s t ,  i ts  use ,  i t s  p o t e n t i a l  use ,  i t s  
misuse,  and i t s  r ap id  disappearance. Even i n  r e c e n t  yea r s  t y p i c a l  
s ta tements  range from " the  i nexhaus t ib l e  t r o p i c a l  f o r e s t s "  t o  "within 
1 0  o r  20 y e a r s  t h e r e  w i l l  remain only museum r e l i c s  of t h e  t r o p i c a l  
f o r e s t . "  Clear ly ,  t h e  t r u t h  l i es  somewhere between t h e s e  extremes. 
Even i f  i t  were poss ib l e ,  i t  is  no t  t h e  primary purpose of t h i s  paper 
t o  a s s e s s  t h e  f u t u r e  of t h e  t r o p i c a l  f o r e s t s ,  a l though t h i s  is  a ma t t e r  
of profound concern. 

Nevertheless ,  i t  would be  i napp rop r i a t e  t o  conclude t h e  paper without  
some cons ide ra t i on  of t h e  dynamic developments i n  t h e s e  f o r e s t s .  Table  4 
shows nonconiferous wood removals i n  r e l a t i o n  t o  nonconiferous growing 
s tock  (without any allowance f o r  logging waste  o r  bark) .  These a r e  
expressed i n  two ways: (a). i n d u s t r i a l  wood removals i n  r e l a t i o n  t o  
es t imated  c losed  f o r e s t  volume and (b) t o t a l  removals, inc lud ing  fue l -  
wood, i n  r e l a t i o n  t o  es t imated growing s t o c k  volume of a l l  f o r e s t s .  

181 I n s t i t u t o  B r a s i l e r r o  d e  Desenvolvimiento F l o r e s t a l .  - 



Table 3.--Nonconiferous wood removals from t h e  t r o p i c a l  f o r e s t ,  
1976 Cin m i l l i o n  m3 

I n d u s t r i a l  wood 
Puelwood Logs Other To ta l  To ta l  

La t in  America 199 21  11 3 2 231 

Af r i c a  2 52 17 13  3 0 282 

A s  ia-Pac i f  i c  3 16 6 8 13 8 1 397 

T o t a l  t r o p i c a l  reg ion  7 67 106 3 7 143 91 0 

Table 4.--Nonconiferous wood removals i n  r e l a t i o n  t o  growing s t o c k  

I n d u s t r i a l  wood/ Total/volume i n  
volume i n  closed f o r e s t  f o r e s t  and woodland 

.................... Percent------------------- 

La t in  America 0.032 0.22 

Af r i c a  ,071 .49 

Asia-Pacif ic  ,312 1.37 

To ta l  t r o p i c a l  reg ion  ,085 .47 



For i n d u s t r i a l  wood t h e  r e s u l t a n t  percentages (0.03 t o  0.3) a r e  very  low 
compared t o  t h e  corresponding va lues  f o r  temperate regions--1.0% f o r  
c o n i f e r s  and 0.7% f o r  nonconifers  Cabout 2.5 and 1.5 f o r  t h e s e  spec i e s  
ca t egor i e s  i n  Europe and Japan) .  For t o t a l  removals, inc luding  fuelwood, 
however, t h e  r a t ? o s  (0.2 t o  1 .41  a r e  much nearer  those  of t h e  temperate 
r eg ions  C l . 1  and 0.7% f o r  c o n i f e r s  and nonconifers  respectl"ve1y). 

These percentages would, of course,  look much d i f f e r e n t  i f  compared t o  
t h e  growing s tock  volumes reduced t o  est imated "operable" volumes. In  
many r e s p e c t s ,  a cons ide ra t ion  of t h e  dynamics of f o r e s t  a r e a s  would be 
more informative,  but even he re  adequate up-to-date e s t ima te s  a r e  gene ra l ly  
lack ing .  

I n  most c o u n t r i e s  much of t h e  f o r e s t ,  o r  a t  l e a s t  t h e  more a c c e s s i b l e  
f o r e s t ,  has  a l r eady  been "cut-over" wi th  one o r  more rounds of exploi-  
t a t i o n . g /  I n  very  few ins t ances  has a continuous management of t h e  
r e s i d u a l  f o r e s t  emerged. Notable examples a r e  t h e  S a l  f o r e s t s  of I n d i a ,  
and some a r e a s  of va luab le  t eak .  In  q u i t e  a few ins t ances  t h e r e  has  been 
conversion of p a r t s  of t h e  cut-over a r e a s  t o  p l a n t a t i o n s  but  i n  most 
ca ses  t h e  f o r e s t  is l e f t  unmanaged, o f t e n  t o  be u t i l i z e d  f o r  s h i f t i n g  
c u l t i v a t i o n  o r  conversion t o  more in t ens ive  a g r i c u l t u r e  w i th  wholesale 
d e s t r u c t i o n  of r e s i d u a l  growing s tock.  

Alarming f i g u r e s  have been quoted i n  numerous cases  of t h e  r a t e  a t  which 
t h e  t r o p i c a l  f o r e s t  is  g iv ing  way t o  t hese  inroads ,  but  i n  very  few 
ins t ances  is  t h e r e  anything approaching a sys temat ic  measurement of t h e  
f o r e s t  reduct ion .  FA0 i n  cooperat ion wi th  UNEP is c u r r e n t l y  developing 
assessment techniques which could be e f f i c i e n t l y  used a t  t h e  n a t i o n a l  
l e v e l  and i s  making some prepara t ion  f o r  a s s i s t i n g  c o u n t r i e s  i n  t h i s  t a sk .  

The r e s i d u a l  growing s tocks  l e f t  a f t e r  i n d u s t r i a l  logging pose a cha l lenge  
t o  br ing  about more complete u t i l i z a t i o n  f o r  pulping o r  f o r  energy pro- 
duc t ion ,  a s  wel l  a s  t h e  development of some form of cont inuing  management 
through t h e  manipulation of t he  n a t u r a l  growing s tock  or  conversion t o  
p l an ta t ions .  In  a few countries--Papua New Guinea, Bol iv ia ,  Cent ra l  
Afr ican Empire, and Cameroon, f o r  example--or p a r t s  of c o u n t r i e s ,  e .g . ,  
t h e  bulk of t he  Amazon, t h e  upper a r e a s  of t h e  Congo, p a r t s  of Kalamatin, 
Sabah, and Sarawak, t h e r e  s t i l l  remains some oppor tuni ty  f o r  a more 
complete u t i l i z a t i o n  of uncut f o r e s t s .  The need t o  extend the  range 
of spec i e s ,  q u a l i t i e s ,  and s i z e s  being u t i l i z e d  is a bas i c  problem 
i n h i b i t i n g  b e t t e r  management of t h e  t r o p i c a l  f o r e s t ,  whether it i s  t o  
be exp lo i t ed ,  dep le t ed ,  and converted t o  o t h e r  u ses  o r  maintained a s  a 
product ive f o r e s t .  

These might be included--India, Niger ia ,  Ghana, Thailand, t h e  
Ph i l i pp ines ,  and the  Ivory Coast--as coun t r i e s  where the  f o r e s t  has 
l a r g e l y  been worked over ;  and Colombia, Congo, Gabon, Za i r e ,  
Venezuela, Peru, Ecuador, Braz i l ,  Indonesia ,  Malaysia,  Burma, and 
Cambodia a s  coun t r r e s  where most of t h e  a c c e s s i b l e  f o r e s t  (lowland, 
c o a s t a l  a r e a s ,  e t c . )  has  been cu t .  



Annex I.--Forest zones of t h e  t r o p i c s  

Type groups Br ie f  gene ra l  d e s c r i p t i o n  L a t i n  America Major l o c a t i o n s  Asia-Pac i f  i c  
Af r i c a  

Moist T rop ica l  

Evergreen moist  (a) Lowland and lower montane ever- 
t r o p i c a l  f o r e s t  green f o r e s t s  w i t h  trees a t  least 
(of t e n  c a l l e d  30 m. and up t o  60 m. ;  b u t t r e s s e d ,  
r a i n  f o r e s t )  woody l i a n e s ,  t h r e e  s t o r l e s  (two i n  

lower montane a r e a s )  ; top s t o r y  
cont inuous,  s p a r s e  undergrowth; 
r i c h  i n  spec i e s .  

(b) Upper montane; trees a r e  broad- 
leaved evergreen ,  without b u t t r e s -  
ses, abundant ground vege t a t i on .  

(c) T rop ica l  montane--conif ers , 
bamboo, o r  a l p i n e  woodland. 

(d) Moist edaphic  formations-- 
a l l u v i a l ,  swamp, and bog; 
f o r e s t s  f r e q u e n t l y  w i th  palms, 
of t e n  poor i n  spec i e s .  

Predominates i n  Predominates i n  
Amazon c o a s t a l  middle Congo 
Colombia and dra inage ,  i n  
Ecuador; e a s t e r n  Gahon and 
C e n t r a l  America; southern 
Haiti, Jamaica,  Cameroons, i n  
and Puerto Rico. S i e r r a  Leone, 

L i b e r i a  and i n  
southern Ivory 
Coast,  Ghana, 
and Nigeria .  

Predominates i n  Malaysia,  
t h e  P h i l i p p i n e s ,  most of 
Indonesia ,  Papua New 
Guinea, t h e  Solomons, 
sou thern  Indo-China, 
sou thern  Thai land,  
c o a s t a l  Burma, southwest 
p o r t i o n  of Ind i a  and of 
Ceylon. 

See pine f o r e s t  Coni fe rs  of See p i n e  f o r e s t s  below. 
below. Malawi and 

Kenya; bamboo 
f o r e s t  of equa- 
t o r i a l  mountains 
of Eas t  Af r i ca .  

Common i n  va l -  Val ley of r i v e r s  Western c o a s t a l  f o r e s t  of 
l e y s  i n  Amazon of Congo Basin.  Borneo, e a s t  c o a s t  of 
Basin,  and mouth Sumatra, no r the rn  New 
of Orinoco; Guinea. 
swamps of Costa 
Rica. 

(Page 1 of 3 )  



Annex I.--Forest zones of t h e  tropics--continued 

Type groups Brief genera l  d e s c r i p t i o n  La t in  America Major l o c a t i o n s  Asia-Pac i f  i c  
Af r i c a  

(Mangrove (e) Limited t o  t i d a l  range; a lmost  Nearly cont inuous 
f o r e s t )  e n t i r e l y  evergreen sc le rophyl lous  along A t l a n t i c  

broadleaved t r e e s  and shrubs  wi th  c o a s t  of South 
s t i l t  r o o t s  o r  pneumataphores. America from t h e  

Orinoco mouth t o  
southern B r a z i l ,  
P a c i f i c  coas t  of 
Colombia , Atlan- 
t i c  c o a s t  of 
Costa Rica; f r e -  
quent on c o a s t s  
of Mexico, Cuba, 
Haiti, and 
southwest 
F lor ida .  

Very concent ra ted  General i n  c o a s t a l  
i n  c o a s t a l  Bangladesh (Ganges), Burma 
Niger ia  (mouth of (Irrawady) ; e a s t  c o a s t s  
Niger) and of Sumatra and Borneo, 
Cameroons; common south  c o a s t  of Papua New 
from Senegal t o  Guinea, no r theas t  c o a s t  of 
S i e r r a  Leone; a t  A u s t r a l i a .  
mouth of t h e  
Congo, and Mozam- 
bique; o t h e r  
f requent  bu t  more 
l imi t ed  occur- 
rences  a long  Eas t  
Afr ican c o a s t  . 

Semidec iduous Seasonal f o r e s t ;  deciduous spec i e s  Southeas te rn  Not r e a d i l y  d i s -  
moist  f o r e s t ;  u s u a l l y  i n  dominant noncontinuous B r a z i l  (Sao t i ngu i shab le  as 
Monsoon f o r e s t ;  s to rey .  Paulo, Minas major reg ion .  
t r o p i c a l  moist  Geraes, Bahia) , 
deciduous f o r e s t  p a r t s  of Guyana, 

Venezuela, Colom- 
b i a  (mainly south  
of Orinoco) and 
inc ludes  p a r t s  of 
nor thern  Amazon 
Basin; much of 
Cuba, p a r t s  of 
Haiti; c o a s t a l  
llexico (Vera Cruz, 
Tabasco, Campece) . 

Predominant i n  e a s t e r n  
I n d i a ,  Bangladesh, Burma, 
and much of Thailand and 
Ceylon, extreme sou theas t  
China, e a s t e r n  Java;  in- 
c ludes  t h e  important teak- 
bear ing  f o r e s t s  of Ind ia ,  
Bangladesh, Burma, and 
Thai land,  and Terminalia 
f o r e s t s  of Gombay. Bamboo 
is  common e s p e c i a l l y  i n  
Burma and India .  

(Page 2 of 3 )  



Annex I.--Forest zones of t h e  t ropics--cont inued 

Type groups Brief  gene ra l  d e s c r i p t i o n  La t in  America Major l o c a t i o n s  As ia -Pac i f ic  
A f r i c a  

T rop ica l  p ine  Usual ly  i n  h ighe r  p a r t s  of r a i n  Pine-oak f o r e s t s  
f o r e s t  f o r e s t  o r  semideciduous f o r e s t .  of sou theas t  

Presence appa ren t ly  a s s o c i a t e d  Mexico, c e n t r a l  
wi th  f i r e  h i s t o r y .  Guatemala, 

Honduras, and 
no r the rn  Nfcaragua. 

Dry Trop ica l  

T rop ica l  d ry  Trees  predominantly under 20 m. 
f o r e s t ,  Campus high,  b u t  a t  l e a s t  5 m.; c losed  
Cerrado o r  canopy more than 40%. 
wood land  
Savannah 

Pine f o r e s t s  of Sumatra, 
Luzon, and Indo-China. 

South c e n t r a l  South-cent ra l  South-central  I n d i a ,  
B r a z i l ,  e a s t e r n  Afr ica ;  sou thern  c e n t r a l  Indo-China 
Bo l iv i a ,  Za i r e ,  sou thern  peninsu la ;  n o r t h e a s t e r n  
Paraguay, north-  Tanzania,  most A u s t r a l i a  (Eastern 
western of Angola, Highlands of Queensland). 
Argentina.  Rhodesia, Zambia, 

and a b e l t  run- 
ning a c r o s s  
A f r i c a  from 
Senegal and Guinea 
t o  sou the rn  Sudan; 
southern  Za i re  and 
Congo. 

(Page 3 of 3) 



Annex EX. -Country grouping 

Reg ions  Countrfes 
...................................................................... 

La t in  America 
Cen t r a l  America and Caribbean Bel ize ,  Costa Rica, Cuba, Dominican 

Republic, E l  ~ a l v a d o r ,  Guatemala, 
H a i t i ,  Honduras, Jamaica, Mexico, 
Nicaragua, Panama, Puerto Rico, 
Trinidad,  and Tobago 

South America 

Af r i c a  
Northern Savannah 

West Af r i ca  

Cen t r a l  A£ r i c a  

East  Af r i c a  

Southern A£ rica 

Asia P a c i f i c  
South Asia 

South Eas t  Asia 

Tropica l  Oceania 

Argentina, Bol iv ia ,  B r a z i l ,  
Colombia, Ecuador, French Guyana, 
Guyana, Paraguay, Peru, Surinam, 
Venezuela 

Mauri tania ,  Senegal,  Gambia, Mali, 
Upper Volta ,  Niger, Chad 

Guinea Bissau, Guinea, S i e r r a  
Leone, L ibe r i a ,  Ivory Coast,  
Ghana, Togo, Benin, Nigeria  

Cameroon, Equa to r i a l  Guinea, 
Gabon, Cent ra l  Afr ican  Empire, 
Congo, Za i re ,  Angola 

Sudan, Eth iopia ,  Somalia, Uganda, 
Kenya, Rwanda, Burundi, Tanzania, 
Zambia, Malawi, Mozambique, 
Madagascar 

Rhodesia, Botswana, Namibia 

Bangladesh, Ind ia  , Sr i Lanka 

Brunei, Burma, Indonesia ,  
Kampuchea, Laos, Malaysia 
(Peninsular Malaysia,  Sabah, 
Sarawak), Ph i l i pp ines ,  Thailand, 
Vietnam 

F i j i ,  New Caledonia,  New Hebrides,  
Papua New Guinea, Solomon I s l a n d s ,  
Western Samoa 
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SOME ANATOHICAL CHARACTERISTICS 

OF TROPICAL WOODS 

Robert C . Koeppen 

INTRODUCTION 

Any d i scuss ion  of t h e  t r o p i c a l  f o r e s t s  of t h e  world should begin by f i r s t  
recognizing t h e  grea t  d i v e r s i t y  of spec i e s ,  forms, and p r o p e r t i e s  of 
t h e  woods found the re .  This  c h a r a c t e r i s t i c  he te rogenei ty  a t  a l l  l e v e l s  i s  
t h e  most b a s i c  d i f f e r e n c e  between t r o p i c a l  f o r e s t s  and those  of t h e  
temperate zone and is the  cause of many of t h e  u t i l i z a t i o n  problems 
connected wi th  t r o p i c a l  woods. 

To be s u r e ,  wi th in  geographical  per imeters  of t h e  t r o p i c s ,  e s p e c i a l l y  a t  
t h e  h igher  a l t i t u d e s ,  almost pure s tands  do occur,  but t hese  a r e  not t r u l y  
" t r o p i c a l  f o r e s t s "  according t o  t h e  usua l  connotat ion of t h e  term. The 
t r o p i c a l  f o r e s t  is gene ra l ly  envisioned a s  a  ho t ,  moist  a s s o c i a t i o n  of 
broad-leafed t r e e s ,  many of then having g i g a n t i c  proport ions.  This  concept 
a l s o  excludes t h e  c o n i f e r s  o r  softwoods. While con i f e r  groups, e s p e c i a l l y  
t h e  Podocarpaceae and Araucaraceae, do occur n a t u r a l l y  i n  t h e  t r o p i c s  and 
p l a n t a t i o n s  of p ines  have a l s o  been e s t ab l i shed ,  they a r e  e i t h e r  a  very  
minor p a r t  of t h e  a s s o c i a t i o n  or confined t o  t h e  h igher  a l t i t u d e s  o r  d r i e r  
s i t e s .  A t  any r a t e ,  t h e  c o n i f e r s  a r e  being considered o u t s i d e  t h e  realm 
of t h i s  d i scuss ion .  

What is under cons ide ra t ion  here  a r e  t h e  lowland t r o p i c a l  f o r e s t s  composed 
of a  h ighly  heterogeneous mix of mainly hardwood spec ies .  The t h r e e  major 
a r eas  of t h e  world having such f o r e s t s  a r e :  Cent ra l  and South America, 
Southeast  Asia ,  and t h e  west c e n t r a l  coas t  of Afr ica .  

DATA BASE 

While some of t h e  information i n  t h i s  r epo r t  i s  taken from t h e  l i t e r a t u r e ,  
most d a t a  a r e  based on m a t e r i a l  co l l ec t ed  f o r  t h e  Agency f o r  I n t e r n a t i o n a l  
Development (AID) p r o j e c t ,  which was done a t  t h e  Fores t  Products Laboratory 
and sunnnarized i n  t a b l e  1. This p r o j e c t  was o r i en t ed  toward t h e  pro- 
duc t ion  of r e c o n s t i t u t e d  wood products  from t r o p i c a l  spec i e s ,  and 
emphasis here  w i l l  be on t h e  primary anatomical d i f f e r ences  between 
temperate and t r o p i c a l  woods. To ob ta in  a  r e p r e s e n t a t i v e  sample of wood 
m a t e r i a l  from each of t h e  major t r o p i c a l  a r e a s  of t h e  world f o r  t h e  A I D  
p r o j e c t ,  t r e e s  were c o l l e c t e d  from t h e  f o r e s t s  of Colombia, Ghana, and 
t h e  Ph i l i pp ines .  

The mix of t r e e  spec i e s  s e l ec t ed  f o r  t e s t i n g  was known t o  produce woods 
t h a t  represented  t h e  f u l l  range of s p e c i f i c  g r a v i t i e s ,  a s  we l l  a s  having 
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Table 1.--Selected p f ~ p e f t i e a  of mode  from the Ph i l ipp ines ,  Coloqua, and Ghana 

Fiber 
Syec ic s  : sPS1,:-------------------------  : :SOZ 2/: :Normal 

:grav.- :Length:Wall t h i c k - : M e l :  :canals 
. %  . : (m) : ness (p) : r a t i o  . - - - -_- - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - -  

Alphitonia phi l ippinensis  
Alstonia scholar  is 
h o r a  macrocarpa 
hii soptera thur i  Fcra 
Artocarpus h la icho i  
(:alophyllum obl iquinervium 
(:nnanga odorata  
C:marium luzonicum 
(:c i bn pcntandra 
(his tocheton p e n t a n d m  
I)i l lcriin phi l ippinensis  
1)iospyros n i t i d a  
Ijiospyros ph i l ipp inens i s  
ljiospyros phi losanthera 
Di pterocarpus grandi f lo rus  
Dipterocarpus grac i lus  
Dysoxylum euphlebium 
li~idospenrm pcltatum 
Ikythrina suburnbrans 
lirythrophloeum d c r i s i f l o m  
1:icu.s var icgata  
I lomalanthus populneus 
l lopca foxworthyi 
Lagerstroemia p i r i fo rmis  
1.cucac1ia leucocephala 
Id i tch i  phi l ippinel is is  
Lithocarpus so le r iana  
Macaralga b ico lor  
Madhuca ob longi fo l ia  
Mvigifera a l t i s s i m a  
Mastixia philippincrisis 
kklicope t r i p h y l l a  
hlcl i o s m  macrophylln 
(ktomclcs sumatrana 
I':trashorea p l i c a t a  
I'critacme contor ta  
I'ym.nt vulgare 
Snndoricum v ida l  ii 
Shorea as ty losa  
Shorca ncgroscnsis 
Shorca p o l y s p e m  
Shorcn squamata 
Swintonin foxworthyi 
Syzygium nitidum 
' I 'cninal  i a  n i  tcris 
'I'rcma o r i c r ~ t a l  is 
V i ~ t  i ca  mangachapi 
W c i ~ ~ w u i i a  luzoriicrisis 
X;uithophyllum excclsum 
Zruithoxylm r h e t s a  

Avcragc 
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'l'c~ble 1 . - - S e l e c t e d  p r o p c r t l e s  o f  woods from t h e  P h i l i p p i n e s ,  Colombia,  and Ghana-- 
c o n t i n u e d  

S pet ies 

/\pciba aspera 
Asl>idospem sp. 
I3rosimum u t i l e  
C a s t o s t c m  a l s to r i i i  
Cccrolki sp. 
Cc i b ; ~  pcrltculdra 
(hum1 macrocarpa 
Ilia1 iinn guianense 
liriterolobium schomburgkij 
l l c l i cos ty l i s  tomentosa 
.Jacaranda copaia 
Ncctandra sp. 
Neoxythece sp.  
O m s  i a  paracns is 
P o u r o m  sp.  
Vochysia ferruginea 
Virola seh i fe ra  

~ ~ l l a n b l a c k i a  floribunda 
Anogeissus le iocarpus 
Anopyxis klaineana 
Ant ia r i s  a f r icana  
Canarium schwcinfurthii  
C c l t i s  a d o l f i - f r i d e r i c i  
Cleis topholis  patens 
D:~cryodes klaineana 
I )  iscogl ypremna cololleura 
l iritandrophragma arlgolense 
(;u;~rca cedra ta 
I la~i~ioa klainerula 
Khaya ivorells is 
lophira  a l a t a  
k s a n g a  cecropioides 
P i p t a d e l l i a s t m  a f r i c a n m  
Ste rcu l ia  oblonga 
S te rcu l ia  rhirlopetala 
Strombosia glaucesceris 
'I 'arrictia u t i l i s  
'I'ieghemella hecke l i i  
'Triplochiton scleroxylon 

Fiber . S p m l / : - - - - - - - - - - - - - - - - - - - - - - - - -  ~ S ~ O ~ Z ' ;  NO-1 

:grav.- .Length:Wall thick-:Runkel: % : canals 
: (mn.) : ness (u) : r a t i o  : _ ._______.______.__-- - - - - - - - . - - - - - - . - - - - - - - - - - - - - - -  

-- - - - - - 

1 / Grccn volume-overldry weight. - 

2/ - -  ind ica tes  t race  only, <0.05 percent not recorded. 
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c e r t a i n  anatomical  c h a r q c t e r i s t i c s  t h a t  may pose p o t e n t i a l  problems dur ing  
processing.  These ana tomica l  f e a t u r e s  given s p e c i a l  a t t e n t i o n  were a  
h i g h  s i l i c a  conten t  and t h e  presence of gums o r  r e s i n s  which a r e  common 
t o  some t r o p i c a l  hardwood groups but  no t  found, o r  on ly  i n  i n s i g n i f i c a n t  
amounts, i n  temperate-zone hardwood spec i e s .  

To s imp l i fy  t r anspo r t a t zon  problems, t h e  maximum l o g  diameter  of t h e  trees 
sampled was held a t  about  30 cent3meters and no age de te rmina t ion  was 
at tempted.  

The f i r s t  sampling came from t h e  Ph i l i pp ine  f o r e s t s ,  w i t h  90 trees repre-  
s en t ing  50 spec i e s .  A l l  tests of papermaking, f i be rboa rd ,  and p a r t i c l e -  
board products  from t h i s  P h i l i p p i n e  sample produced such good products  
t h a t  i t  was decided fewer trees from o t h e r  a r e a s  could be used t o  simply 
v e r i f y  t h e s e  i n i t i a l  r e s u l t s .  Therefore ,  from Ghana only  22 trees, each 
a  d i f f e r e n t  s p e c i e s ,  were c o l l e c t e d ,  and 51  trees r ep re sen t ing  18  s p e c i e s  
were c o l l e c t e d  from Colombia. Obviously, t h e  d e c i s i o n  t o  reduce t h e  number 
of s p e c i e s  i n  t h e  second and t h i r d  shipments s eve re ly  l i m i t e d  t h e  d a t a  base  
f o r  an  anatomical  survey.  

ANATOMICAL FEATURES 

F ibe r s  

Of a l l  t h e  anatomical  f e a t u r e s  of wood, f i b e r  dimensions have rece ived  
t h e  most a t t e n t i o n .  Much of t h i s  r e sea rch  w a s  aimed a t  exp la in ing  t h e  
p r o p e r t i e s  of t h e  wood, o r  e s p e c i a l l y  t h e  p r o p e r t i e s  of t h e  f i b e r  p roducts  
produced from wood, such a s  paper and f iberboard .  A l l  f i b e r  measurements 
r epo r t ed  h e r e  were made from safaran in-s ta ined  whole f i b e r s  of macerated 
m a t e r i a l  measured by us ing  a  t r ansmi t t ed  l i g h t  microscope. 

F ibe r  l e n g t h  i s  l o g i c a l l y  looked t o  as an i n d i c a t o r  of t h e  s t r e n g t h  p o t e n t i a l ,  
e s p e c i a l l y  f o r  t h e  der ived  f i b e r  products  produced from wood. I n  paper 
product ion i t  is  gene ra l l y  thought t h a t  a  good p ropor t i on  of f i b e r s  
should be 2-4 m i l l i m e t e r s  long t o  o b t a i n  s a t i s f a c t o r y  s t r e n g t h  and good 
paper q u a l i t y .  However, a s  t h i s  s tudy  showed, ve ry  few of t h e  t r o p i c a l  
hardwoods have such f i b e r  l eng ths .  The average f i b e r  l e n g t h s  of a l l  
specimens sampled ranged from 0.7 millimeter f o r  Dacryodes k la ineana  of  
Ghana t o  2.8 millimeters f o r  D i l l e n i a  p h i l i p p i n e n s i s  of t h e  Ph i l i pp ines .  

The average f i b e r  l e n g t h s  f o r  a l l  214 t r e e s  sampled was only  1 .6  m i l l i m e t e r s ,  
but  t h i s  is  s l i g h t l y  longer  than t h e  average  of 1.3 m i l l i m e t e r  f o r  North 
American hardwoods commonly used i n  paper product ion.  The averages  of 
a l l  specimens measured from each a r e a  of t h e  world were q u i t e  s i m i l a r :  
P h i l i p p i n e s  (90 trees, 50 species)--1.7 m i l l i m e t e r s ;  Ghana (22 trees, 
22 species)--1.5 m i l l i m e t e r s ;  Colombia (51 trees, 18  species)--1.7 m i l l i m e t e r s .  

P e t r o f f ,  Doat, and T i s s o t ,  i n  a  1971 s tudy  of t h e  papermaking c h a r a c t e r i s t i c s  
of woods of t h e  Afr ican  Camerouns, r e p o r t  a  g r e a t e r  range of f i b e r  l eng ths ,  
vary ing  from 0.5 m i l l i m e t e r  t o  3.2 m i l l i m e t e r s .  However, t h e  average f i b e r  
l e n g t h  of a l l  121 s p e c i e s  measured was 1.7 m i l l i m e t e r s ,  which is e s s e n t i a l l y  



t he  same a s  t h e  o y e r a l l  world average produced by t h e  A I D  sample. However, 
Tamolang e t  a l . ,  i n  1957 and 1958 s t u d i e s  of Ph i l i pp ine  f i b e r s ,  r e p o r t  
l eng ths  ranging from 0.4 m i l l i m e t e r  t o  2.7 m i l l i m e t e r s  wi th  an  o v e r a l l  
average of on ly  1 . 3  mi l l imeters .  I n t e r e s t i n g l y ,  Tamolang e t  a l .  make a  
comparison of average f i b e r  l engths  from s e v e r a l  o the r  a r e a s  of t h e  world,  
and these  a l s o  have an o v e r a l l  average of about 1 .3  m i l l i m e t e e  t h e  same 
a s  t h e i r  P h i l i p p i n e  sample. Af r i ca ,  however, was not  included i n  t h i s  
sampling. 

These averages ,  of cou r se ,  a r e  only i n d i c a t o r s  and may have l i t t l e  r e l a t i o n -  
s h i p  t o  t h e  va lues  ob ta ined  from a  commercial sample. But they do po in t  
up t h e  f a c t  t h a t  t r o p i c a l  hardwoods a s  a  group a r e  s h o r t  f i b e r e d ,  probably 
wi th  an average l e n g t h  of about 1 .5  mi l l ime te r s .  

I n  t h e  A I D  s tudy,  f i b e r  wa l l  th icknesses  showed a  g r e a t e r  range of 
v a r i a t i o n  than did t h e  f i b e r  l eng th .  The t h i c k e s t  wa l l  recorded was 1 4 . 5 ~  
from D i l l e n i a  p h i l i p p i n e n s i s ,  which a l s o  has  t h e  l onges t  f i b e r  measurement. 
S t e r c u l i a  ob longia  had t h e  lowest average wa l l  th ickness  w i t h  2 . 1 ~ .  The 
o v e r a l l  average f o r  t h e  c e l l  wa l l  th ickness  f o r  t h e  93 samples is 5 . 6 2 ~ ,  
which is aga in  somewhat higher  than  t h e  4 . 7 ~  range of ~ o r t h  American woods 
normally pulped. By a r e a  of t h e  world, t h e  Colombian sample had t h e  t h i c k e s t  
average c e l l  wal l  wi th  6 . 2 3 ~ ,  Ghana second wi th  5.71p, and t h e  P h i l i p p i n e s  
t he  t h i n n e s t  wi th  5 . 3 5 ~ .  This  l a s t  va lue  gene ra l l y  agrees  wi th  Tamolang 
e t  a l . ,  who r e p o r t  an o v e r a l l  va lue  of 6p f o r  t h e i r  ex t ens ive  Ph i l i pp ine  
sample of 116 spec i e s .  

The a t t e n t i o n  given f i b e r  c h a r a c t e r i s t i c s  by papermakers has r e s u l t e d  
i n  s e v e r a l  systems being developed f o r  p r ed i c t i ng  paper q u a l i t y .  These 
systems a r e  der ived  from t h e  dimensions of t h e  f i b e r s .  Of t h e s e ,  t h e  
Muhlstep system of c l a s s i f i c a t i o n  and t h e  Runkel Rat io  a r e  b e s t  known. 
Recent ly ,  Horn of t h e  Fores t  Products  Laboratory showed t h a t  t h e  l e n g t h  
of f i b e r  d iv ided  by t h e  c e l l  w a l l  th ickness  can a l s o  be  used a s  an i n d i c a t o r  
of p o t e n t i a l  paper q u a l i t y .  However, of t he se  systems, t h e  Runkel Rat io  
seems t o  be  t h e  most widely used and b e s t  understood. 

The Runkel Ra t io  i s  computed by tak ing  twice t h e  t h i cknes s  of t h e  c e l l  
wa l l  of t h e  f i b e r  and d i v i d i n g  i t  by t h e  lumen diameter .  The r a t i o s  were 
d iv ided  by Runkel i n t o  t h r e e  groups i n d i c a t i n g  t h e i r  p o t e n t i a l  papermaking 
qua1 i t y  : 

Group 1, where t h e  va lue  is  less than u n i t y ,  should produce 
very good q u a l i t y  paper.  

Group 2 ,  wi th  a  va lue  about equal  t o  u n i t y ,  produces good 
q u a l i t y  paper. 

Group 3 ,  wi th  a  va lue  g r e a t e r  than  u n i t y ,  produces paper 
q u a l i t y  expected t o  be  poor. 

Of a l l  of t h e  trees sampled f o r  t h e  A I D  s tudy,  t h e  o v e r a l l  Runkel Ra t io  is 
1 . 4 ,  which i n d i c a t e s  r e l a t i v e l y  poor papermaking q u a l i t i e s .  However, by 





removing t h e  1 0  s p e c i e s  having t h e  h ighes t  r a t i o s ,  a s  might be done i n  
an  a c t u a l  productLon ope ra t i on ,  t h e  o v e r a l l  r a t i o  drops t o  0.S5--indicating 
a very  good m i x  f o r  paper product ion.  By comparison, t h e  P h i l i p p i n e  
s tudy  done by Tamolang e t  a l .  repor ted  an o v e r a l l  average Runkel Rat io  
of 1 .08 f o r  t h e  116 spec i e s  i nves t i ga t ed .  Of t he se ,  64 percent  were 
Runkel group 1, 9 percent  group 2,  and 27 percent  group 3. Since 
groups 1 and 2 a r e  considered good f o r  paper product ion,  73 percent  of 
t h e  s p e c i e s  i n  t h e  P h i l i p p i n e  f o r e s t s  have f i b e r s  whose p r o p e r t i e s  should 
produce good q u a l i t y  paper.  

The A I D  world-wide sample produced e s s e n t i a l l y  t h e  same r e s u l t s :  64 percent  
f e l l  i n t o  Runkel 's  group 1, 5 percent  i n t o  group 2,  and 31 percent  i n t o  
group 3,  i n d i c a t i n g  that 69 percent  of a l l  t h e  s p e c i e s  t e s t e d  should 
produce paper wi th  good c h a r a c t e r i s t i c s .  Again, t h e s e  averages can only 
be viewed a s  rough i n d i c a t o r s ,  e s p e c i a l l y  s i n c e  s p e c i e s  from v a r i o u s  p a r t s  
of t h e  world a r e  being lumped toge ther .  But they a r e  s i g n i f i c a n t  i n  
po in t ing  ou t  that, according t o  Runkel's system of c l a s s i f i c a t i o n ,  about 
70 percent  of t h e  f i b e r s  sampled i n  t h i s  s tudy can be expected t o  produce 
accep tab l e  q u a l i t y  papers .  Nevertheless ,  i t  should be born i n  mind t h a t  
t h e  sample used does not  t a k e  i n t o  account a c t u a l  volumes of v a r i o u s  
s p e c i e s  presen t  and, t h e r e f o r e ,  i n  a given a r ea  of t h e  t r o p i c a l  f o r e s t ,  
volumes of t h e  v a r i o u s  Runkel groups may vary  considerably--ei ther  good 
o r  bad. 

To conclude t h i s  d i s cus s ion  of t r o p i c a l  wood f i b e r s ,  i t  appears  t h a t  
morphologically they a r e  not  t oo  much d i f f e r e n t  from those  found i n  t h e  
temperate zone hardwood f o r e s t s  and should r e a d i l y  lend themselves t o  
s i m i l a r  u se s .  

However, o t h e r  s i g n i f i c a n t  anatomical  c h a r a c t e r s  a r e  found i n  t r o p i c a l  
woods t h a t  make them markedly d i f f e r e n t  from t h e i r  temperate  zone counter-  
p a r t s .  Four of t he se  w i l l  b e  b r i e f l y  d i scussed  here :  Axia l  parenchyma 
t i s s u e ,  s i l i c a  accumulation, presence of r e s i n  o r  gum c a n a l s ,  and t h e  
in te r locked  g r a i n  p a t t e r n .  

Axial  Parenchyma 

Parenchyma t i s s u e  i s  composed of thin-walled, u s u a l l y  brick-shaped c e l l s  
t h a t  make up t h e  h o r i z o n t a l  wood r a y s  and t h e  a x i a l  parenchyma i n  t he  
l o n g i t u d i n a l  system. This  t i s s u e  s e rves ,  among o t h e r  t h ings ,  f o r  food 
s to rage ;  t h e  c e l l s  o f t e n  con ta in  s t a r c h ,  sugars ,  and o i l s ,  a l l  of which 
a r e  a t t r a c t i v e  t o  i n s e c t s  and fungi .  Axial  o r  v e r t i c a l  parenchyma is  
much nore  common i n  t r o p i c a l  woods than i n  temperate spec i e s .  Few 
temperate zone woods exceed 10 percent  by volume of a x i a l  parenchyma. 
But i n  t r o p i c a l  s p e c i e s ,  parenchyma volumes of 50 t o  60 percent  a r e  
known and r a t i o s  of 25 percent  a r e  q u i t e  common. I n  t r o p i c a l  s p e c i e s ,  
t h e  arrangement of t h i s  parenchyma is o f t e n  a s soc i a t ed  w i th  t h e  v e s s e l s  
arranged i n  va r ious  p a t t e r n s  from simple v a s i c e n t r i c  shea ths  t o  a l i fo rm,  
conf luent  ( f i g .  I ) ,  and s o l i d  bands, s e v e r a l  t o  many c e l l s  wide ( f i g .  2 ) .  
Some s p e c i e s  a l s o  e x h i b i t  a x i a l  parenchyma p a t t e r n s  no t  a s soc i a t ed  w i th  
v e s s e l s .  The abundance of a x i a l  parenchyma t i s s u e  a f f e c t s  t h e  p r o p e r t i e s  



F i g u r e  3.--Radial s e c t i o n  (400X) of Dial ium gu ianense ,  from Colombia, 
showing s i l i c a  bod ies  i n  t h e  a x i a l  parenchyma c e l l s .  

F i g u r e  4.--Maceration (225X).  V i t r e o u s  s i l i c a  c a s t s  of c e l l s  i n  Maquira 
g u i a n e n s i s ,  from Surinam. A l l  l i g n i n  and c e l l u l o s e  have been removed. 
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of t r o p i c a l  woods i n  many ways, ranging from a d e s i r a b l e  deco ra t ive  e f f e c t  
t o  undes i rab le  machining problems and low pulp y i e l d s  and s t r eng th .  

S i l i c a  

The presence of app rec i ab le  amounts of s i l i c a  depos i ted  i n  t h e  xylem 
t i s s u e  i s  a phenomenon unique t o  some t r o p i c a l  t r e e  spec i e s .  While temperate 
zone g ra s ses  accumulate cons iderable  amounts of s i l i c a  w i th in  t h e i r  t i s s u e s ,  
only t r a c e s  a r e  found i n  t h e  woody t i s s u e  of North temperate t imbers .  The 
presence of apprec iab le  amounts of s i l i c a  i s  of concern because of t h e  
r ap id  d u l l i n g  e f f e c t  on c u t t i n g  t o o l s  and t h e  problem of s c a l i n g  on pulp 
chemical recovery equipment. 

The s i l i c o n  d ioxide  found i n  some t r o p i c a l  woods i s  a n  amorphous, non- 
c r y s t a l l i n e  substance and is  deposi ted i n  two bas i c  forms: most commonly 
a s  d i s t f n c t  bodies  o r  i nc lus ions  wi th in  t h e  c e l l  lumen ( f ig .  3 ) ,  but  i n  
some f a m i l i e s  (e.g. ,  Moraceae and Verbenaceae) as a v i t r e o u s  l i n i n g  of c e l l  
w a l l s  ( f i g .  4 ) .  The more common form of d i s t i n c t  bodies  i s  r a t h e r  e a s i l y  
i d e n t i f i e d  s i n c e  i t  can be recognized wi th  an  ord inary  l i g h t  microscope, 
while  t h e  v i t r e o u s  form i s  v i s i b l e  only a f t e r  being t r e a t e d  wi th  chemicals 
t o  d i s s o l v e  away a l l  c e l l u l a r  t i s s u e ,  a f t e r  which i t  remains a s  a g lass -  
l i k e  c a s t  of t h e  c e l l  wal l .  

The amount of s i l i c a  found i n  t r o p i c a l  spec i e s  v a r i e s  from a mere t r a c e  
t o  more than 9 percent  of t h e  d ry  weight of t he  wood. For p r a c t i c a l  
purposes,  woods conta in ing  less than 0.05 percent  s i l i c a  a r e  considered 
" s i l i c a  f r e e ,  " while  those  wi th  more than 0.05 percent  a r e  " s i l i c a  
accumulating." Rapid d u l l i n g  of c u t t i n g  edges and o the r  p r o p e r t i e s  of t h e  
wood a r e  gene ra l ly  not  s eve re ly  a f f e c t e d  u n t i l  0.5 percent  s i l i c a  is 
present .  

Such ques t ions  a s  why, under t h e  same growing cond i t i ons ,  one t r e e  t akes  
up l a r g e  q u a n t i t i e s  of s i l i c a  from t h e  s o i l  whi le  i ts  c l o s e  neighbor 
remains e s s e n t i a l l y  s i l i c a  f r e e ,  o r  even how t h e  very  in so lub le  s i l i c a  
g e t s  i n t o  t h e  p l a n t  system i n  t h e  f i r s t  p l ace ,  remain b a s i c a l l y  unanswered. 
From a p r a c t i c a l  s tandpoin t ,  however, i t  is  important t o  know those 
s p e c i e s  t h a t  con ta in  s i l i c a  so t h a t  one can be prepared t o  handle t h e  
p o t e n t i a l  problems t h a t  may a r i s e  dur ing  manufacturing processes .  Of the  
sample t r e e s  analyzed chemically f o r  t h e  AID s tudy ,  t h e  s i l i c a  amount, 
based on t h e  ovendry weight,  va r i ed  from l e s s  than 0.01 percent  t o  4.55 per  
cen t  f o r  Artocarpus b lanchoi  of t he  P l l i l ipp ines .  While t h e  sample base 
he re  is very  l i m i t e d ,  t h e  va lues  poin t  up t h e  p o t e n t i a l  s i l i c a  hazard 
t h a t  may be encountered i n  t r o p i c a l  woods processing and manufacture. 
More complete information on s i l i c a  i n  t imbers  can be  obtained f r o n  the  
1952 s tudy by G. L. Amos which surveys most of t h e  woody t r o p i c a l  f ami l i e s .  

Canals 

Normal cana l s  o r  duc t s  a r e  another  f e a t u r e  which is  e n t i r e l y  lacking  from 
commercial hardwoods of t h e  n o r t h  temperate reg ion ,  and even t raumatic  
duc t s ,  such as found i n  b l ack  cher ry ,  a r e  r a r e .  However, s e v e r a l  f a m i l i e s  



F i g u r e  5.--Cross s e c t i o n  (30x1 of Shorea polysperma, from P h i l i p p i n e s ,  
showing a x i a l  c a n a l s  a r ranged  c o n c e n t r i c a l l y  . 

Figure  6.--Tangential  s e c t i o n  (30X) of a s p e c i e s  of T e t r a g a s t r i s  from 
French Guiana showing h o r i z o n t a l  c a n a l s  runn ing  through t h e  wood r a y s .  
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found i n  t h e  t r o p i c s  normally produce r e s i n ,  gum, o r  l a t e x  i n  cana l s .  
I n t e r e s t i n g l y ,  among t h e  hardwood groups,  such c a n a l s  a r e  r e s t r i c t e d  
t o  e i t h e r  t h e  a x i a l  ( f i g .  51 o r  h o r i z o n t a l  systems ( f i g .  61, b u t  normally 
do no t  run  i n  bo th  d i r e c t i o n s  wi th in  a  s i n g l e  s p e c i e s ,  a s  is t y p i c a l  of 
softwoods f o r  which r e s i n  c a n a l s  a r e  a  r e g u l a r  f e a t u r e .  

The Dipterocarpaceae of sou theas t  Asia is perhaps t h e  b e s t  known fami ly  
of t imbers  con t a in ing  r e s i n  cana l s .  I n  t h e  much-used genus Shorea,  which 
produces t h e  l auans  and meran t ies ,  t h e  c a n a l s  a r e  of l i t t l e  concern s i n c e  
t h e i r  o l e o r e s i n  con t a in s  v o l a t i l e  c o n s t i t u e n t s  and, t h e r e f o r e ,  t h e  r e s i n  
is e a s i l y  d r i e d .  However, i n  t h e  r e l a t e d  genus Dipterocarpus,  c a l l e d  
ap i t ong  o r  keru ing ,  t h e  r e s i n  contained i n  t h e  c a n a l s  does  no t  e a s i l y  
d r y  and may cause  process ing  problems which range  from seve re  gumming of 
saws, t o  bleed-out on f i n i s h e d  s u r f a c e s ,  t o  c logging t h e  w i r e  s c r eens  of 
a  papermaking machine. 

In te r locked  Grain 

The f i n a l  anatomical  f e a t u r e  of t r o p i c a l  woods t h a t  w i l l  be  mentioned 
he re  is t h a t  of i n t e r l ocked  g ra in .  While i n t e r l ocked  g r a i n  does occur  
i n  a  few temperate  zone s p e c i e s ,  most no tab ly  t h e  genus P l a t anus  and 
Nyssa, it is more of t h e  r u l e  than t h e  except ion  among t r e e s  of t h e  
t r o p i c a l  f o r e s t .  The exac t  cause is no t  known, b u t  f o r  some unaccountable  
reason a  s p i r a l  g r a i n  is produced which r e v e r s e s  i t s e l f  a t  f a i r l y  f r equen t  
and even i n t e r v a l s .  When c u t  on t h e  q u a r t e r ,  t h e s e  even-spaced bands of 
s p i r a l  g r a i n  produce t h e  d e s i r a b l e  and deco ra t i ve  ribbon s t r i p e  ( f i g .  7 ) .  
While be ing  deco ra t i ve ,  t h i s  i r r e g u l a r  g r a i n  p a t t e r n  i s  n o t  e a s i l y  worked, 
caus ing  problems of p ick  up, chipping,  o r  t e a r i n g  o u t  dur ing  machining 
ope ra t i ons ,  and t h e  wood is  nea r ly  impossible  t o  s p l i t  s a t i s f a c t o r i l y  
( f i g .  8 ) .  S t r eng th  p r o p e r t i e s  may a l s o  be a f f e c t e d  s i n c e  t h e  f i b e r s  
a r e  n o t  a l i n ~ d  i n  a  s i n g l e  p a t t e r n ,  bu t  t h i s  is an a r e a  t h a t  needs more 
s tudy.  

I N  CONCLUSION 

This  b r i e f  survey,  cover ing  some anatomical  c h a r a c t e r i s t i c s  of t r o p i c a l  
woods i n  g e n e r a l ,  emphasizes t h a t  whi le  t r o p i c a l  hardwoods a r e  s i m i l a r  
i n  many r e s p e c t s  t o  t h e  temperate  zone hardwoods, they do have fundamental 
di f ferences--both good and bad depending upon t h e  end u s e  viewpoint .  To 
u t i l i z e  t h e  woods e f f e c t i v e l y  and e f f i c i e n t l y ,  t he se  d i f f e r e n c e s  need t o  be  
known and unders tood.  



F i g u r e  7.--Ribbon s t r i p e  i n  Entandrophragma cy l indr icum,  from Ghana, 
produced by s l i c i n g  i n t e r l o c k e d  g r a i n  r a d i c a l l y .  (Photo 1X) 

F i g u r e  8 . - - In te r locked  g r a i n  of  r a d i c a l l y  s p l i t  s e c t i o n  of Hymenaea 
c o u r b a r i l ,  from P u e r t o  Rico ,  showing p a t t e r n  of g r a i n  d e v i a t i o n .  
(Photo 1X) 
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VALUES OF TROPICAL HOIST FORESTS 

Duncan Poore 

INTRODUCTICON 

11 Extreme views a r e  he ld  about t h e  development of t h e  t r o p i c a l  moist  f o r e s t s -  
of t h e  world. Some look  upon them a s  t h e  l a s t  " f r o n t i e r , "  a  source  of 
g r e a t  untapped weal th ,  a l l  ready f o r  t h e  t ak ing ;  o t h e r s  t h ink  t h a t  t h e  
whole zone should be l e f t  i n  i t s  p r i s t i n e  s t a t e ,  a s  untouched wi lderness .  
I have even seen i t  suggested,  i n  a l l  s e r iousnes s ,  that t h e  timber-importing 
c o u n t r i e s  should p l ace  a  ban on t h e  import o r  u se  of any products  der ived  
from t r o p i c a l  t imbers .  It i s  hard t o  imagine a  b e t t e r  r e c i p e  f o r  t h e i r  
t o t a l  d e s t r u c t i o n .  

The r i g h t  course  must e v i d e n t l y  l i e  between these  extremes; and f o r t u n a t e l y ,  
a s  t i m e  goes on, more and more people accept  t h a t  s u b s t a n t i a l  a r e a s  of t h e  
t r o p i c a l  moist  f o r e s t  must b e  developed but  t h a t  t h i s  must be done i n  a  
r e spons ib l e  manner. The ques t ion  is not  whether such f o r e s t s  should be 
developed bu t  how much, and where and how? 

I begin  wi th  some estimates, t h e  b e s t  a t  p r e sen t  a v a i l a b l e  (Sommer, 1976). 
Tropica l  moist  f o r e s t s  once covered 16 m i l l i o n  square  k i lomet res ;  they 
s t i l l  extend over 9.35 m i l l i o n .  They a r e  d i sappear ing  a t  11 m i l l i o n  
h e c t a r e s  a  year .  It i s  important t o  know what is happening t o  such a  
s i z e a b l e  p a r t  of t h e  land s u r f a c e  of t h e  e a r t h .  What a r e  t h e s e  f o r e s t s  
being changed i n t o ?  Is good use  being made of t h e i r  products?  How f a r  
w i l l  t h e  process  go? Does i t  mat te r?  D i f f i c u l t  ques t i ons ,  bu t  ques t i ons  
that a  conference such as t h i s  has  a  r e s p o n s i b i l i t y  t o  f a c e  square ly .  

The s c i e n t i f i c  planning of t h e  u se  of land and o t h e r  n a t u r a l  r e sou rces  
is a very recent development i n  the h is tory  of world land use; and, during 
t h e  s h o r t  per iod s i n c e  i t  began, i t  has  been honoured more i n  t h e  breach 
than  i n  t h e  observance. It is a sad commentary t h a t  i t  is on ly  i n  t h e  
temperate r eg ions  of t he  world t h a t  land development has  proceeded 
r e l a t i v e l y  s a t i s f a c t o r i l y  and has caused l i t t l e  l a s t i n g  damage t o  n a t u r a l  
resources .  Indeed t h i s  ha s  owed l i t t l e ,  u n t i l  ve ry  r e c e n t l y ,  t o  a 
consc ious ly  r e spons ib l e  a t t i t u d e  t o  t h e  land--land development has been 
as o p p o r t u n i s t i c  he re  a s  elsewhere--but t o  t h e  remarkable toughness and 
r e s i l i e n c e  of temperate  s o i l s  and vege ta t ion .  Y e t  even i n  t h e s e  temperate 
p a r t s  of t h e  world t h e r e  a r e  many th ings  t h a t  might have been done b e t t e r .  

The papers  f o r  t h e  United Nat ions Conference on D e s e r t i f i c a t i o n  (Nairobi,  
1977) g ive  a c h i l l i n g  pe r spec t ive  of w h a t  i s  tak ing  p l ace  i n  more 

11 The d e f i n i t i o n  of t r o p i c a l  moist  f o r e s t  i s  t h a t  adopted by - 
Sonrmer, 1976. It inc ludes  t r o p i c a l  drought-deciduous broad-leaved f o r e s t s .  
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vulnerab le  lands .  Of t h e  40 mi l l i on  square  k i lomet res  of d ry lands  i n  
t h e  world,  8 m i l l i o n  a r e  a l r eady  c l ima t i c  d e s e r t  and thus ,  by d e f i n i t i o n ,  
cannot go f u r t h e r  i n  t h i s  d i r e c t i o n .  Of t h e  remaining 32 m i l l f o n  almost 
t h e  whole i s  under some t h r e a t  of d e s e r t i f i c a t f o n  and about 60,000 sq .  km. 
a year  a r e  becoming t o t a l l y  unproductive.  According t o  a  consensus of 
exper t  op in ion ,  human misuse i s  l a r g e l y  respons ib le .  

I do no t  g ive  t he se  examples t o  argue a g a i n s t  development of t r o p i c a l  
moist  f o r e s t  but  only t o  i l l u s t r a t e  t h a t  t h e  record of human endeavour 
i s  not good. W e  a r e  l i k e  c h i l d r e n  who have broken a l l  but  t h e  t r u l y  
unbreakable toys .  W e  must grow up and do very  much b e t t e r  i n  f u t u r e  i f  
we a r e  no t  t o  waste t h e  a s s e t s  of t he  t r o p i c a l  moist  f o r e s t  too.  A s  
much of i t  is  s t i l l  i n t a c t  and r e l a t i v e l y  undis turbed ,  t h e r e  i s  s t i l l  
a  chance t o  develop a  balanced and harmonious landscape f o r  t h e  l a s t i n g  
b e n e f i t ,  p r o f i t ,  and p r i d e  of  t he se  c o u n t r i e s  i n  which i t  occurs .  But 
t o  do s o  we s h a l l  have t o  recognize  what c h a r a c t e r i s t i c s  of t r o p i c a l  
f o r e s t  l ands  a r e  of va lue  t o  mankind and t o  accord each a  due importance 
i n  t h e  process  of development. 

CHANGE I N  THE TROPICAL FOREST 

A s  t h e  va lues  a s soc i a t ed  w i t h  t r o p i c a l  f o r e s t  a r e  c l o s e l y  r e l a t e d  t o  t h e  
cond i t i on  of t h e  s i te ,  i t  is  u s e f u l  t o  examine t h e  va r ious  k inds  of change 
t h a t  a r e  t ak ing  p l ace ,  o r  can t ake  p l ace ,  i n  t h e  f o r e s t .  These a r e  shown 
diagrammatical ly  i n  f i g u r e  1 (Poore, 1976a).  

This  d i s t i n g u i s h e s  four  l e v e l s ,  separa ted  by h o r i z o n t a l  l i n e s :  o r i g i n a l  
f o r e s t ;  modi f ica t ions  of f o r e s t ;  t ransformat ions  of f o r e s t ;  and, degraded 
si te.  It l i n k s  cond i t i ons  of  t h e  s i te  ( c a p i t a l  l e t t e r s )  by changes of use  
(small  l e t t e r s ) ;  and d i s t i n g u i s h e s  cond i t i ons  which ought t o  remain s t a b l e  
under good management by i t a l i c s .  

There a r e  important va lues  a s soc i a t ed  wi th  each of t h e  f i r s t  t h r e e  condi- 
t i o n s ;  a l l  va lues  a r e  reduced o r  disappear  i n  t h e  degraded si te.  Some of 
t he se ,  such a s  va lue  a s  a  sample of an undis turbed ecosystem, a r e  inheren t  
i n  the original  forest  and decrease i f  the forest  i s  interfered with i n  
any way. Others ,  t h e  y i e l d  of timber o r  o the r  f o r e s t  produce, f o r  example, 
can only  be r e a l i z e d  i f  t h e  f o r e s t  is changed by tak ing  a  crop from i t .  
S t i l l  o t h e r  va lues  a r e  l a t e n t  and advantage can only be taken of them i f  
t h e  f o r e s t  is  removed; no p r o f i t  can be gained by t h e  p o t e n t i a l  of a  s o i l  
under f o r e s t  f o r  growing rubber  and o i l  palm whi le  t h e  f o r e s t  remains. 

A s  t h e  terms modi f ica t ion  and t ransformat ion  a r e  used i n  a  very  p r e c i s e  
sense i n  t h i s  paper,  i t  w i l l  be  h e l p f u l  t o  exp la in  them more f u l l y :  

Nod i f  i c a t  ion 

This i s  a  process  by which t h e  o r i g i n a l  s t r u c t u r e ,  composition, and 
dynamics of t h e  f o r e s t  i s  a l t e r e d  by human in t e rven t ion .  I n  i t s  s l i g h t e s t  
form it may be merely a  matter of e x t r a c t i n g  a  few good trees o r  f o r e s t  
produce ( f r u i t ,  r a t t a n ,  gum, f o r  example); a t  t h e  o the r  extreme i t  can 



i nc lude  forms of s h i f t i n g  c u l t i v a t i o n  which induce secondary success ion  
i n  t h e  f o r e s t .  These processes  can be c a l l e d  'mod i f i ca t i on '  provided 
t h a t  c o n t i n u i t y  i s  maintained wi th  t h e  o r i g i n a l  f o r e s t  ecosystem and t h a t  
t h e r e  i s  no permanent l o s s  of p o t e n t i a l  (by s o i l  e ro s ion ,  extinction of 
spec i e s ,  e t c . )  s o  t h a t ,  i n  theory  a t  l e a s t ,  t h e r e  i s  a  p o s s i b i l i t y  t h a t  t h e  
f o r e s t  could r e t u r n  i n  a  reasonable  t i m e  t o  something l i k e  i t s  o r i g i n a l  
cond i t i on .  (An exac t  r e t u r n  may be almost u n a t t a i n a b l e  i n  some charac- 
t e r i s t i c s ;  f o r  example, d i s t r i b u t i o n  of s p e c i e s  and of age c l a s s e s  w i th in  
spec i e s .  ) 

Transformation 

This  i s  a  completely d i f f e r e n t  kind of change by which t h e  o r i g i n a l  o r  
modified f o r e s t  is t o t a l l y  removed and rep laced  by a  man-made ecosystem 
o r  by inanimate s t r u c t u r e s .  Both of t h e  h o r i z o n t a l  l i n e s  r ep re sen t  p o i n t s  
of no r e t u r n .  Once t h e  f o r e s t  i s  modified, i t  can by d e f i n i t i o n  be no longer  
' o r i g i n a l '  o r  'untouched'  and i ts  va lues  a s  such cannot  be recovered.  
Transformation imp l i e s  a  wholesale  d e s t r u c t i o n  and replacement which cannot 
be  reversed .  S imi l a r ly  t h e  mre d r a s t i c  t h e  mod i f i ca t i on ,  t h e  more d i f f i -  
c u l t  i t  is t o  g e t  back t o  a  less modified s t a t e .  

This  l e a d s  t o  a ve ry  s imple bu t  fundamental conclusion.  I f  we wish t o  
r e a l i z e  - a l l  t h e  va lues  of t h e  f o r e s t  land i n  a  balanced manner, t hose  uses  
which r e q u i r e  t h e  f o r e s t  t o  be l e f t  untouched o r  l i t t l e  modified must be  
s e l e c t e d  and land a l l o c a t e d  t o  them be fo re  t hose  t h a t  need ex t ens ive  modi- 
f i c a t i o n  o r  t ransformat ion .  It a l s o  means t h a t ,  u n t i l  a  f i n a l  use  has  been 
dec ided ,  t h e  f o r e s t  should b e  l e f t  i n  an  untouched cond i t i on  a s  t h i s  i s  t h e  
cheapest  and most e f f e c t i v e  way of r e t a i n i n g  a l l  i t s  va lues .  

I should emphasize t h a t  t h i s  does no t  imply t h a t  a l l  p r o t e c t i v e  u s e s  should 
always t ake  precedence over  product ive uses ;  i t  does imply t h a t  t h e r e  should 
be p r i o r i t y  of choice .  

VALUES OF TROPICAL MOIST FOREST AREAS 

I f  n a t u r a l  r e sou rces  a r e  t o  be used t o  t h e  b e s t  advantage f o r  l a s t i n g  human 
b e n e f i t ,  t h e  i d e a l  should be t o  balance t o  t h e  b e s t  of our  a b i l i t y  t h e  u se s  
t o  which we put  t h e s e  r e sou rces  a g a i n s t  t h e  va lues  which men and women p l ace  
on t h e  goods and s e r v i c e s  t h a t  can be der ived  from them. No one has  y e t  
succeeded i n  dev i s ing  a  s a t i s f a c t o r y  method of doing t h i s .  Some of t h e  
compl ica t ions  a r e  d i scussed  by Poore (1976b)LI and Webb (1977) i n  r e l a t i o n  
t o  t h e  t r o p i c a l  f o r e s t .  A s t a r t  can a t  l e a s t  be made, however, by t r y i n g  
t o  enumerate t h e  va lues  t h a t  seem a t  p resen t  t o  be impor tan t ;  but  w e  should 
always remember t h a t  o t h e r s  may become important i n  t h e  f u t u r e  of which we 
have no concept ion.  Such a  t e n t a t i v e  l is t  is  presen ted  i n  Table  1. 

21 A s  t h i s  paper ,  prepared f o r  FAO, covers  much t h e  same ground, 
ex t ens ive  quo ta t i ons  a r e  made from i t .  These a r e  h e r e  acknowledged. 



Table 1.--Areas of human concern (impact ca t egor i e s1  

1. Economic and occupat iona l  
s t a t u s  

Displacement of populat ion;  r e l o c a t i o n  
of populat ion i n  response t o  employment 
opportun3tfes;  s e r v i c e s  and d i s t r i -  
bu t ion  p a t t e r n s ;  property va lues  

2 .  Soc ia l  p a t t e r n  o r  l i f e  s t y l e  Resettlement;  r u r a l  depopulation; 
change i n  populat ion dens i ty ;  food; 
housing; m a t e r i a l  goods; nomadic; 
s e t t l e d ;  p a s t o r a l ;  a g r i c u l t u r a l ;  
r u r a l ;  urban 

3 .  S o c i a l  ameni t ies  and r e l a t i o n -  
s h i p s  

4 .  Psychological  f e a t u r e s  

Family l i f e  s t y l e s ;  schools;  t ranspor-  
t a t i o n ;  community f e e l i n g s ;  p a r t i c i -  
pa t ion  vs .  a l i e n a t i o n ;  l o c a l  and 
n a t i o n a l  p r i d e  vs .  r e g r e t ;  s t a b i l i t y ;  
d i s rup t ions ;  language; h o s p i t a l s ;  c lubs ;  
r e c r e a t i o n ;  ne ighbour l iness  

Involvement; expec ta t ions ;  s t r e s s ;  
f r u s t r a t i o n s ;  commitment; chal lenges;  
work s a t i s f a c t i o n ;  n a t i o n a l  o r  commu- 
n i t y  pr ide ;  freedom of choice;  
s t a b i l i t y  and con t inu i ty ;  s e l f -  
expression;  company o r  s o l i t u d e ;  
mobi l i ty  

5. Phys ica l  ameni t ies  ( i n t e l l e c t u a l ,  Nat ional  parks;  w i l d l i f e ;  a r t  g a l l e r i e s  
c u l t u r a l ,  a e s t h e t i c  and sensual)  and museums; concert  h a l l s ;  h i s t o r i c  

and a rchaeo log ica l  monuments; beauty of 
landscape; wi lderness ;  q u i e t ;  c l ean  a i r  
and water 

6. Heal th 

7 .  Personal  s e c u r i t y  

8. Rel ig ion  and t r a d i t i o n a l  
b e l i e f  

9. Technology 

10. Cu l tu ra l  

Changes i n  hea l th ;  medical s e r v i c e s ;  
medical s tandards  

Freedom from moles ta t ion ;  freedom from 
n a t u r a l  d i s a s t e r s  

Symbols; taboos; va lues  

Secur i ty ;  hazards;  s a f e t y  measures; 
b e n e f i t s ;  emission of wastes; con- 
ges t ion ;  dens i ty  

Leisure,  fash ion  and c l o t h i n g  changes; 
new va lues ;  h e r i t a g e ;  t r a d i t i o n a l  and 
r e l i g i o u s  r i t e s  

(Page 1 of 2) 



Table  1.--Areas of human concern (impact ca tegor ies ) - -con t inued  

11. P o l i t i c a l  

12.  Legal  

13.  A e s t h e t i c  

14.  S t a t u t o r y  laws and a c t s  

A u t h o r i t y ;  level and d e g r e e  of in-  
volvement;  p r i o r i t i e s ;  s t r u c t u r e  of 
decfsion-making; r e s p o n s i b i l i t y  and 
r e s p o n s i v e n e s s ;  r e s o u r c e  a l l o c a t i o n ;  
l o c a l  and m i n o r i t y  i n t e r e s t s ;  d e f e n s e  
needs ;  c o n t r i b u t i n g  o r  l i m i t i n g  
f a c t o r s ;  t o l e r a n c e s  

R e s t r u c t u r i n g  o f  a d m i n i s t r a t i v e  
management; changes  i n  t a x e s ;  p u b l i c  
p o l i c y  

V i s u a l  p h y s i c a l  changes;  mora l  
conduct ;  s e n t i m e n t a l  v a l u e s  

A i r  and w a t e r  q u a l i t y  s t a n d a r d s ;  s a f e t y  
s t a n d a r d s ;  n a t i o n a l  b u i l d i n g  a c t s ;  
n o i s e  abatement  by-laws 

E x t r a c t  from: Environmental  Impact Assessment--SCOPE 5 
P r i n c i p l e s  and Procedures  

(Page 2  of 2) 



Values of Tropica l  Vois t  Fo re s t  Areas 

These a r e a s  may have importance because: 

(a) Ce r t a in  p a r t s  of t h e  f o r e s t  a r e  t h e  l i v i n g  a r e a s  of indigenous peoples  
who a l s o  d e r i v e  a l l  t h e i r  means of subs i s t ence  from i t .  I n  unmodified 
f o r e s t  t h e s e  a r e  hunter -ga therers  who do not  a t tempt  t o  modify o r  c o n t r o l  
t h e i r  environment bu t  a r e  p a r t  of i t .  Others modify i t  ex t ens ive ly  (e.g., 
by s h i f t i n g  c u l t i v a t i o n )  bu t  have a t t a i n e d  i n  some i n s t a n c e s  a s t a b l e ,  
dynamic balance w i th  i t  (Lawton, 1975; Watters ,  1973).  

(b) They a r e  t h e  h a b i t a t  of s p e c i e s  and genotypes of p l a n t s  and animals  
i n  which t h e s e  can pe rpe tua t e  themselves and can express  t h e i r  evolu t ionary  
p o t e n t i a l .  They se rve  a s  n a t u r a l  gene banks and a r e a s  where evo lu t ion  can 
cont inue  . 
(c) Ce r t a in  a r e a s  r ep re sen t  undis turbed samples of t h e  range of v a r i a t i o n  
i n  t h e  ecosystems of t h e  TMF. 

(d) The f o r e s t  covering a catchment a r e a  r e g u l a t e s  t h e  q u a l i t y  and quan t i t y  
of water l e av ing  t h e  catchment and prevents  e ros ion ,  t hus  main ta in ing  
t h e  p o t e n t i a l  f e r t i l i t y  of t h e  a r e a  i t s e l f  and checking s i l t a t i o n  and 
o the r  undes i r ab l e  consequences downstream. Fores t  a long r i v e r s  o r  s t reams 
p r o t e c t  t h e  banks from e ros ion .  

(e)  They can se rve  a s  a r e a s  i n  which s c i e n t i f i c  r e sea rch  on n a t u r a l  
p rocesses  can be c a r r i e d  ou t  o r  may be p l aces  where t h e r e  is  a g r e a t  amount 
of va luab le  s c i e n t i f i c  information r e s u l t i n g  from previous r e sea rch .  

( f )  They may be used a s  s t anda rds  a g a i n s t  which changes i n  a r e a s  o u t s i d e  
may be measured and eva lua ted .  

(g) They can provide monitor ing s t a t i o n s  f o r  t h e  measurement of r e g i o n a l  
o r  g loba l  changes i n  c e r t a i n  environmental measures, f o r  example atmospheric 
components and p o l l u t a n t s .  

(h) They a r e  a r e a s  i n  which t h e  pub l i c  may become educated i n  n a t u r a l  
processes  and become aware of  t h e i r  importance. 

( i )  They can be an important  a s s e t  f o r  r e c r e a t i o n  and enjoyment, 
e s p e c i a l l y  i n  a r e a s  of g r e a t  n a t u r a l  beauty and near  c e n t r e s  of populat ion.  

( j )  By t h e i r  phys ica l  presence they can a c t  a s  a moderating in f luence  
on c l imate .  

(k) They may a c t  a s  a b u f f e r  aga ins t  epidemics of p e s t s  and d i s e a s e s  
a f f e c t i n g  both man and h i s  domesticated p l a n t s  and animals .  

(1) The f o r e s t  con ta in s  t imber and o t h e r  f o r e s t  produce, both p l a n t  and 
animal,  which can be cropped t o  provide a cont inuing y i e l d  or  which can 
be converted i n t o  c a p i t a l  f o r  investment i f  i t  is  decided t o  remove t h e  
f o r e s t  f o r  o the r  purposes.  



(m) The sites on which t h e  f o r e s t s  occur  may have va lue  f o r  t ransformat ion  
t o  o t h e r  uses - -agr icu l ture ,  dam si tes,  mining, e t c .  The f o r e s t  cover 
main ta ins  t h e  p o t e n t i a l  and i n t e g r i t y  of t h e s e  sites. 

Table 2 a t t empt s  t o  show t h e  r e l a t i o n  between t h e  v a r i o u s  va lues  and t h e  
cond i t i on  of t h e  s i te ,  whether o r i g i n a l ,  modif ied,  t ransformed,  o r  degraded. 

I n  t h e  s e c t i o n s  t h a t  fo l low I t ake  some of t h e s e  va lues ,  e i t h e r  s i n g l y  o r  
i n  groups, de sc r ibe  t h e i r  importance and g ive  an i n d i c a t i o n  of t h e  k inds  
of cond i t i ons ,  i n  land planning and management, t h a t  should be met i f  they 
a r e  t o  be r e a l i z e d .  There i s  no s p e c i a l  mention of t hose  provid ing  f o r  
r e sea rch  monitor ing o r  r e c r e a t i o n .  This  i s  n o t  t o  b e l i t t l e  t h e i r  importance, 
b u t ,  i f  t h e  o t h e r s  a r e  adequate ly  provided f o r ,  i t  should e a s i l y  be  p o s s i b l e  
t o  accommodate t he se  a l s o .  

Value a f t e r  Transformation 

There is l i t t l e  doubt t h a t  t h e  g r e a t e s t  economic b e n e f i t  comes from t r ans -  
forming s u i t a b l e  s i t e s  t o  i n t e n s i v e  a g r i c u l t u r e ,  mining, t h e  impoundment 
of water  and o t h e r  nonfores t  u se s .  I n  t h i s  ca se  t h e  va lue  l i e s  i n  t h e  
c h a r a c t e r i s t i c s  of t h e  s i te - -c l imate ,  s l o p e ,  s o i l ,  e t c . ,  r a t h e r  than  i n  
t h e  f o r e s t  i t s e l f .  

Much land w i t h i n  t h e  t r o p i c a l  moist  f o r e s t  zone has been converted t o  
a g r i c u l t u r e  i n  t h e  p a s t  ( t h e  d i f f e r e n c e  between Somrner's e s t i m a t e s  of 
t h e  o r i g i n a l  and p re sen t  e x t e n t  of f o r e s t  is 6.65 m i l l i o n  square k i lomet res :  
Sommer, 1976).  Some of t h i s ,  p a r t i c u l a r l y  t h e  r i c e  growing a r e a s  of sou th  
e a s t  As ia ,  is  very f e r t i l e  and h ighly  product ive .  A s  a  measure of importance, 
one might no t e  t h a t  t h e  p ropor t i ons  of t h e  g ros s  domestic product c o n t r i -  
buted by a g r i c u l t u r e  i n  t h r e e  wholly t r o p i c a l  f o r e s t  c o u n t r i e s ,  Indones ia ,  
Nalaysia ,  and t h e  P h i l i p p i n e s  a r e ,  r e s p e c t i v e l y ,  40%, 322, and 29% 
(Economist, 1976).  

It is probable  t h a t ,  i n  most of t h e  long s e t t l e d  c o u n t r i e s ,  t h e  b e s t  s o i l s  
have a l r eady  been c u l t i v a t e d  and, indeed,  t h a t  s e t t l emen t  has  tended t o  
t a k e  p l ace  where t h e  b e s t  s o i l s  were t o  be found. But,  i n  c e r t a i n  p a r t s  
of t h e  t r o p i c a l  moist  f o r e s t  zone, t h e r e  a r e  s t i l l  l a r g e  a r e a s  of s u i t a b l e  
s o i l s  t o  be opened up f o r  a g r i c u l t u r e .  There a r e  a l s o  v a s t  a r e a s ,  p a r t i -  
c u l a r l y  perhaps i n  Amazonia, of  leached sands and o t h e r  f r a g i l e  or  i n f e r t i l e  
s o i l s  which a r e  t o t a l l y  unsu i t ab l e .  It is  now g e n e r a l l y  understood,  I 
hope, t h a t  t h e  luxur iance  of o r i g i n a l  f o r e s t  is  no i n d i c a t i o n  t h a t  it  is  
unde r l a in  by a  f e r t i l e  s o i l .  The luxur iance  depends on the  c i r c u l a t i o n  
w i th in  t h e  l i v i n g  system of n u t r i e n t s  accumulated by t h e  vege t a t i on  over 
m i l l e n i a .  I n  a  sense t h e  f o r e s t  is  s i t t i n g  on t h e  s o i l ,  no t  growing i n  i t .  
Only s o i l  survey w i l l  show whether t h e  s o i l  is  p o t e n t i a l l y  f e r t i l e  o r  n o t .  
It o f t e n  is  no t .  

It i s  t o  be expected t h a t  a  l a r g e  p a r t  of t h e  f e r t i l e  s o i l s  remaining 
u n t i l l e d  w i l l  u l t i m a t e l y  come under c u l t i v a t i o n ;  t h e  needs of t h e  world 
f o r  food and raw m a t e r i a l s  a r e  l i k e l y  t o  r e q u i r e  t h i s .  



11 Table  2.--Relation between ' va lue s '  and t h e  cond i t i on  of t h e  s i t e  

Natura l  Modif i ed  S i t e  S i t e  
f o r e s t  f o r e s t  transformed degraded 

.............................................................................. 

(a) Indigenous f o r e s t  peoples  R R R  R R R  -- R 

(b) Gene bank R R R  R R  - - R 

(c) Undisturbed samples of 
ecosystems R R R  -- -- - - 

(d) Water q u a n t i t y  and q u a l i t y ,  
and e ro s ion  c o n t r o l  R R R  R R *  R * -- 

(e )  Research on n a t u r a l  p roces se s  R R R  R R  - - R 

( f )  Standards  f o r  e v a l u a t i n g  
change elsewhere X R R  R R  -- -- 

(g) Global moni tor ing R R R  R -- - - 

(h) Pub l i c  educa t ion  R R R  R R  R R R 

(i) Recrea t ion  and enjoyment R R R  R R  R R R 

( j  ) Moderating i n f luence  on 
c l i m a t e  R R R  R R R *  R R *  - - 

(k) Buffer  a g a i n s t  epidemics  L L L  L L  -- -- 

(1) Yie ld  of t imber  and f o r e s t  
produce L L L  R R R  -- L L 

(m) Economic p o t e n t i a l  of s o i l  L L L  L L *  R R R  - - 

11 R = Value being r e a l i z e d  - 
L = Value l a t e n t  
* = Depends on s t anda rd  of management 
Number of symbols i n d i c a t e s  t h e  degree of va lue .  



The important  cond i t i ons  t o  be m e t  are: 

(a )  t h a t  a p p r o p r i a t e  a r e a s  should be a l l o c a t e d  f o r  necessary p r o t e c t i v e  
u se s  be fo re  land i s  a l l o c a t e d  f o r  t ransformat fon;  

(b) t h a t  on ly  a r e a s  s u i t a b l e  f o r  su s t a ined  a g r i c u l t u r e  a r e  a l l o c a t e d  f o r  
t h i s  purpose; 

(c )  t h a t  f u l l  u s e  i s  made of t h e  timber and o t h e r  produce p re sen t  on t h e  
a r e a  t o  be c l e a r e d ;  

(d) t h a t  t h e  t ransformat ion  i s  c a r r i e d  ou t  i n  such a  way t h a t  t h e  f e r t i l i t y  
of t h e  s i t e  i s  r e t a i n e d ;  and 

(e )  t h a t  t h e  l and ,  once i n  i t s  new use,  is w e l l  managed. 

S imi la r  k inds  of cons ide ra t i on  apply t o  conversion t o  mining and o t h e r  
nonagr i c u l t u r a l  use.  

Value of Modified S i t e s  f o r  t h e  Sustained 
Yield of Fo re s t  Produce--(l) 

Apart from a r t i f i c i a l  f o r e s t  p l a n t a t i o n s ,  which f a l l  under t h e  l a s t  heading, 
a l l  f o r e s t  product ion comes from modified f o r e s t s .  But t h e  modified f o r e s t  
has  a l s o  a  very  important  c o n t r i b n t i o n  t o  make t o  many of t h e  v a l u e s  which 
w i l l  be  d i scussed  i n  succeeding sec t ions .  Host of t he se  w i l l  l i m i t  t o  a  
g r e a t e r  o r  lesser e x t e n t ,  t o t a l  freedom of a c t i o n  i n  t ak ing  a  crop o f f  t h e  
whole a r e a  of modified f o r e s t .  For example, a r e a s  of u n s t a b l e  s o i l s  on 
s t e e p  s l o p e s  should be  managed a s  ' p r o t e c t i o n  f o r e s t '  t o  prevent  s o i l  
e r o s i o n  and safeguard water  supp l i e s ,  and should on ly  be cropped i n  s o  f a r  
a s  t h i s  is c o n s i s t e n t  wi th  t h e i r  p r o t e c t i v e  func t ion .  Some a r e a s  of 
modified f o r e s t  may be  of g r e a t  importance f o r  t h e  p re se rva t ion  of c e r t a i n  
s p e c i e s  of animal ( t h i s  seems t o  be t h e  c a s e  f o r  both t h e  t a p i r  (Tapirus  
ind icus)  and seladang (Bos - gaurus  hubbacki) i n  Malaysia) .  Good land-use 
w i l l  r e c o n c i l e  t h e s e  v a r i o u s  u se s ,  e i t h e r  by zoning t o  s e p a r a t e  t hose  t h a t  
a r e  incompatible  o r  combining when t h i s  is p o s s i b l e .  

Within any c o n s t r a i n t s  which may be  set by o t h e r  uses ,  t h e  most important  
cond i t i on  t o  be  m e t  is t h a t  t h e  f o r e s t  should be  managed i n  such a  way t h a t  
i t  keeps i t s  p o t e n t i a l  t o  provide  a  sus t a ined  y i e l d  of f o r e s t  produce. 
This  i s  t h e  p a r t i c u l a r  va lue  t h a t  must b e  safeguarded.  

I d e a l l y  t h i s  m. s t h a t  e x t r a c t i o n  should no t  begin u n t i l  enough knowledge 
i s  a v a i l a b l e  t o  . - s u r e  t h e  product ion of succeeding c rops .  Without t h i s  
p recaut ion  t h e  p o t e n t i a l  of t h e  si tes t o  provide a  sus t a ined  y i e l d  is 
bound t o  d e c l i n e .  This  p o t e n t i a l  is t h e  c a p i t a l ,  t h e  only c a p i t a l ,  on 
which product ive  f u t u r e  land use  i n  t h e s e  a r e a s  can be based. It i s  
f r e q u e n t l y  s a i d ,  w i th  some j u s t i f i c a t i o n ,  bo th  of t h e  c o u n t r i e s  which conta in  
t r o p i c a l  f o r e s t  and those  who e x t r a c t  i t ,  t h a t  they a r e  c a r e l e s s l y  s a c r i -  
f i c i n g  t h e  p o s s i b i l i t y  of f u t u r e  product ion f o r  p r e sen t  ga in .  



But t h e r e  i s  a  r e a l  dilemma here.  Most succes s fu l  known s i l v i c u l t u r a l  
techniques only apply i n  lowland f o r e s t ,  o f t e n  on  s o i l s  t h a t  a r e  s u i t a b l e  
f o r  a g r i c u l t u r e  and a r e  l i k e l y  t o  be d ive r t ed  f o r  t h i s  purpose. Not 
enough is known t o  manage many f o r e s t s  even t o  meet t h e  needs of or thodox 
timber product ion.  There i s  ha rd ly  any knowledge about t h e  p o s s i b i l i t y  
of s u s t a i n i n g  ' t o t a l  logging. '  

Webb (1977) has  provided an  admirable d i s cus s ion  of t h e  s t e p s  t h a t  should 
be taken i n  e s t a b l i s h i n g  a  pu lp  wood indus t ry  i n  Papua-New Guinea. The 
immediate answers seem t o  be acce l e r a t ed  r e sea rch  i n  s i l v i c u l t u r a l  
management, and t o  des ign  any e n t e r p r i s e  which is  intended t o  be s e l f -  
s u s t a i n i n g  wi th  provis ion  f o r  monitoring i t s  progress ,  and changing 
d i r e c t i o n  i f  need be. 

Value of Natura l  Ecosystems and of t h e  Genetic 
Resources of Wild P l a n t s  and Animals--(b and c )  

These can be taken toge the r ,  a s  t he  b e s t  way of preserv ing  t h e  f u l l  range 
of spec i e s  is by p r o t e c t i n g  a  r e p r e s e n t a t i v e  series of n a t u r a l  ecosystems. 
I n  t h e  t r o p i c a l  r a i n  f o r e s t  t he  most important a r e  samples of undis turbed 
forest--hence t h e  urgency i n  choice;  but  samples of d i s tu rbed  ecosystems 
a r e  important  too ,  and the  maintenance of t he se  should be  one of t h e  
o b j e c t i v e s  of management i n  modified f o r e s t s  a l s o .  

There i s  a  p a r t i c u l a r  v a l u e  t o  sc ience  i n  preserving a r e a s  of f o r e s t  that 
a r e  s t i l l  untouched. It i s  only i n  them that i t  i s  p o s s i b l e  t o  s tudy  the  
n a t u r a l  f a c t o r s  t h a t  determine t h e  evo lu t ion ,  d i s t r i b u t i o n ,  migra t ion ,  and 
dynamics of p l a n t  and animal spec i e s  i n  t he  f o r e s t .  A s  t h e  i n f luence  of 
man pervades t h e  remotest  c o m e r s  of t h e  e a r t h ,  t h e  va lue  of t h e  remaining 
untouched a r e a  i nc reases .  The t r o p i c a l  moist  f o r e s t  i s  of p a r t i c u l a r  impor- 
t ance  i n  t h i s  regard ,  because it i s  t h e  r i c h e s t  burgeoning of l i f e  anywhere 
on t h e  p l ane t  and, i n  some p l aces ,  r e p r e s e n t s  t h e  culminat ion of t he  
cont inuous development and evolu t ion  of f o r e s t  -- i n  s i t u  s i n c e  t h e  f lower ing  
p l a n t s  began t o  evolve dur ing  t h e  Cretaceous, some 3,000 m i l l i o n  y e a r s  ago. 

Areas of undis turbed f o r e s t  are not  only s i g n i f i c a n t  t o  s c i e n c e  f o r  t h e  
knowledge t h a t  they may y i e l d ;  they  a l s o  provide t h e  h a b i t a t  of t h e  very  
l a r g e  number of p l a n t s ,  animals ,  and micro-organisms of t h e  f o r e s t  (perhaps 
one-tenth of t h e  t o t a l  number of spec i e s  of t h e  g lobe) .  Undisturbed f o r e s t  
a l lows  t h e s e  t o  p e r s i s t  and to  cont inue t o  evolve a t  p r a c t i c a l l y  no d i r e c t  
c o s t  t o  s o c i e t y .  Compare t h e  c o s t  of maintaining an a r e a  of lowland f o r e s t  
untouched wi th  t h a t  of t r y i n g  t o  breed o r  c u l t i v a t e  o r  s t o r e  a l l  t h e  spec i e s  
i n  zoos,  bo t an i c  gardens,  seed banks, banks of germ plasm, and c u l t u r e  
col lect ions--even i f  i t  were t e c h n i c a l l y  poss ib le !  

The economic p o t e n t i a l  of nmny of t h e  s p e c i e s  i n  t h e  f o r e s t  is q u i t e  
unknown. It has  a l r eady  produced an impressive a r r a y  of p l a n t s  of economic 
va lue :  a l l  t h e  t r o p i c a l  t imber trees; rubber and o i l  palm; f r u i t  t r e e s ,  
such a s  mango, mangosteen, c i t r u s ,  rambutan, du r i an ,  lychee ,  avocado pear 
e t c . ;  c o f f e e ,  cocoa, t e a ,  bananas; bamboos, r a t t a n s ,  and quin ine .  The 
f o r e s t  c o n t a i n s  t h e  wild r e l a t i v e s  of a l l  t h e s e  c rops ,  r e l a t i v e s  which a r e  of 



presen t  o r  p o t e n t i a l  va lue  f o r  improving s t o c k  o r  i nc reas ing  r e s i s t a n c e  t o  
d i s ea se .  The p r o p e r t i e s  of o t h e r s ,  such a s  Rauvol f ia  a s  t rea tment  f o r  
high blood p re s su re ,  have only r e c e n t l y  been discovered.  There is no doubt 
whatever t h a t  t h e  p l a n t s  and animals of t h e  t r o p i c a l  r a i n  f o r e s t  w i l l  
become of i nc reas ing  importance a s  sources  of econom2c products--if  they 
s t i l l  e x i s t .  

It i s  e s s e n t i a l  f o r  those  who work wi th  t h e  t r o p i c a l  f o r e s t  t o  recognize 
t h a t  t h e s e  f o r e s t s  a r e  some of t h e  most f r a g i l e  and vu lne rab l e  i n  f a c e  of 
t he  kind of changes which a r e  now being imposed upon them. The biology 
of t h e  woody s p e c i e s  ( i n t e rmi t  t e n t  f lower ing ,  widely spaced i n d i v i d u a l s  
of a  s p e c i e s ,  i n e f f i c i e n t  d i s p e r s a l ,  immediate germinat ion of seeds)  a l l  
mean t h a t  very  few of t h e  s p e c i e s  can spread o u t s i d e  e s t a b l i s h e d  f o r e s t .  
I f  t h e  f o r e s t  s t r u c t u r e  i s  des t royed ,  they pe r i sh .  

It is t h e r e f o r e  of t h e  utmost importance t h a t  t h e  s e l e c t i o n  of t r o p i c a l  
f o r e s t  n a t u r e  r e s e r v e s  should be made e a r l y  i n  land use planning,  t h a t  
they should inc lude  a  f u l l ,  r e p r e s e n t a t i v e  s e r i e s  of a l l  ecosystems and 
t h a t ,  once e s t a b l i s h e d ,  they should be considered i n v i o l a t e .  The f u t u r e  
of t r o p i c a l  f o r e s t r y ,  and indeed of t r o p i c a l  t r e e  crop a g r i c u l t u r e ,  depends 
upon t h i s .  So may many o t h e r  unforeseen human b e n e f i t s .  

Value f o r  Indigenous Peoples--(a) 

I n  L a t i n  America, Af r i ca ,  and Asia a l i k e ,  t h e r e  a r e  s t i l l  many indigenous 
peoples  who l i v e  w i th in  t h e  t r o p i c a l  f o r e s t  and whose way of l i f e  is  
ad jus t ed  t o  i t .  There a r e ,  f o r  example, 118 Ind ian  groups i n  B r a z i l  
( Indigena,  1974) ,  many of which l i v e  i n  t h e  t r o p i c a l  f o r e s t  zone. 

Some peoples ,  such a s  t h e  Negr i tos  i n  t h e  Malay Peninsu la  and t h e  Onga of 
t h e  Andaman I s l a n d s ,  l i v e  e n t i r e l y  by hunt ing,  f i s h i n g ,  and food ga the r ing  
and can be  considered a  component of t h e  undis turbed f o r e s t .  Others  may 
be p a r t i a l l y  o r  wholly a g r i c u l t u r a l ,  p r a c t i c i n g  systems of farming t h a t  
c o e x i s t  w i th  f o r e s t  r a t h e r  than  r ep l ac ing  i t .  O r i g i n a l l y  t he se  systems 
of Iswidden' a g r i c u l t u r e  were i n  balance w i th  f o r e s t  regrowth but  now, 
w i t h  i nc reas ing  popula t ion ,  many of them a r e  no longer  s o  and a r e  causing 
ex t ens ive  land degrada t ion .  

To such peoples  t h e  f o r e s t  l and  is home, f o r  which they have a  s t r o n g  
emotional a t tachment  and which provides  t h e i r  whole l i ve l i hood .  Webb (1977) 
has  descr ibed  v i v i d l y  t h e  e x t e n t  of t h e  dependence of f o r e s t  peoples  i n  
Papua-New Guinea on t h e i r  surroundings : 

I 1  ... Fores t  products  a r e  d i r e c t l y  a v a i l a b l e  i n  g r e a t  v a r i e t y :  

"Important y i e l d s  inc lude  food ( f r u i t ,  l e aves ,  t u b e r s ) ,  
s p o i l s  of hunt ing and t rapping  (b i rd  deco ra t i on ) ,  
c l o t h i n g ,  bu i ld ing  m a t e r i a l s ,  t ha t ch ing ,  l i a n a s  ( ropes) ,  
weapons, po isons ,  and magic po t ions  ... It i s  d i f f i c u l t  
f o r  a  member of western s o c i e t y  t o  a p p r e c i a t e  t h e  
dependency on, and t h e  r i c h  supply of goods from, t he  
r a i n f o r e s t "  (White, 1976) . I 1  



Plan t  s p e c i e s  y i e l d i n g  use fu l  products  i n  PNG v i l l a g e  l i f e  have 
been s tud i ed  by va r ious  workers,  and t h e r e  is  a  r e c e n t  com- 
prehensive review by Powell (1915). ,T rop ica l  r a i n  f o r e s t s  
probably con ta in  t h e  h ighes t  percentage of a l k a l o i d a l  spec i e s  
of any community, and t h e s e  and o t h e r  phys io log i ca l ly  a c t i v e  
s p e c i e s  used i n  n a t i v e  medicine throughout t h e  t r o p i c s  have 
con t r ibu t ed  many important  t he rapeu t i c  agen t s  (Webb, 1969, 
1973). 

An impressive i l l u s t r a t i o n  of t h e  v a r i e t y  and va lue  of 
b i o l o g i c a l  resources  from a  s p e c i a l  a r e a  of t h e  PNG f o r e s t  
was provided r e c e n t l y  by D. S. Liem, N. Kwapena, and o t h e r s  
who s tud ied  t h e  numbers of animals and animal products  
c o l l e c t e d  by v i l l a g e r s  a t  Garu v i l l a g e ,  Talasea.  For 
example, between August 1973 and J u l y  1974, t h e  ha rves t  
from t h e  f o r e s t  included 24,129 megapode eggs and 130 wild 
p ig s  (Liem, 1975) .  Although i t  i s  poss ib l e  t o  a r r i v e  a t  
some e s t ima te  of t h e  economic va lue  of such f o r e s t  resources  
by 'oppor tun i ty  c o s t , '  such a  method ignores  t h e  r o l e  of t h e s e  
f a c e t s  of t h e  f o r e s t  h e r i t a g e  i n  t h e  s o c i a l ,  c u l t u r a l ,  and 
t r a d i t i o n a l  a c t i v i t i e s  of t h e  people. See a l s o  Liem et a l .  
(1976). 

Other forms of r e l i g i o u s  attachment t o  t h e  f o r s t  a l s o  e x i s t ,  
and White (1976) r e f e r s  t o  ' an imis t  b e l i e f s ,  and a  f e a r  of 
i l l - e f f e c t s  of so rce ry  i n  s i n i s t e r  p l aces . '  It is  c l e a r  t h a t  
s p e c i a l i z e d  he lp  from an th ropo log i s t s ,  s o c i o l o g i s t s ,  e t c . ,  is 
requi red  t o  extend knowledge of t h e  s o c i a l  and c u l t u r a l  
va lues  of t h e  f o r e s t s ,  so t h a t  they a r e  no t  ignored i n  
environmental impact assessments of l a rge-sca le  f o r e s t r y  
ope ra t  i ons .  . . . " 

I n  some c o u n t r i e s ,  no tab ly  t hose  i n  south  e a s t  Asia  ( for  example, Papua- 
New Guinea, t h e  Solomon I s l a n d s ,  and F i j i )  ownership of t he  land i s  ves t ed  
i n  t h e  l o c a l  people ,  bu t  elsewhere t h e i r  l e g a l  t i t l e  may be  u n r e l i a b l e  o r  
nonexis ten t .  

Where land degrada t ion  i s  t ak ing  p l ace  t h e r e  may be good e c o l o g i c a l  reasons  
f o r  changing a g r i c u l t u r a l  methods o r  f o r  r e se t t l emen t ;  and those  who wish 
t o  adopt another  way of l i f e  should no t  be hindered from doing so.  Indeed 
i t  i s  probable  t h a t  t h i s  t r end  away from t h e  f o r e s t  is i n e v i t a b l e .  

I n  t h i s  age of very  proper i n s i s t e n c e  on human r i g h t s  i t  should be 
axiomatic  t h a t  t hose  who wish t o  remain on t h e i r  t r a d i t i o n a l  l ands  should 
have f i r s t  c la im,  t h a t  changes should on ly  take  p l ace  a f t e r  consu l t a t i on  
wi th  them and wi th  t h e i r  agreement, and t h a t  they should be  t h e  f i r s t  t o  
b e n e f i t  from t h e  f r u i t s  of development. 

This  seems a  matter of common humanity, bu t  t h e  record of development, 
even i n  ve ry  r ecen t  times, o f t e n  makes h o r r i f y i n g  read ing  and shows t h a t  
humanity i s  not  such a  common q u a l i t y .  The well-being of indigenous peoples 



should be given primacy i n  the planning and management of f o r e s t  a r e a s  
which they  occupy o r  use .  

Value f o r  S o i l  and Water Conservation--(dl 

The va lue  of f o r e s t  i s  w e l l  known f o r  main ta in ing  t h e  f e r t i l i t y  of s o i l ,  
checking s o i l  e ro s ion ,  and ensur ing  t h e  r e g u l a r  d e l i v e r y  of water  of good 
q u a l i t y .  Maintaining t h e  o r i g i n a l  f o r e s t  cover is l i k e l y  t o  be t h e  cheapest  
and most e f f e c t i v e  way of p r o t e c t i n g  catchment a r e a s .  

A l l  s t e e p  and u n s t a b l e  s l o p e s  and a  band on e i t h e r  s i d e  of s t ream courses  
should be  l e f t  t o t a l l y  undis turbed .  I f  l i g h t  cropping i s  undertaken, t h i s  
should only be a f t e r  i t  has  been shown t h a t  t h i s  does no t  a f f e c t  t h e  
q u a l i t y  of t h e  f o r e s t  i n  p r o t e c t i n g  s o i l .  

Great and l a s t i n g  damage can b e  done by u n s u i t a b l e  methods of c l e a r i n g ,  
by t imber  e x t r a c t  i on ,  by t h e  c a r e l e s s  a l ignment ,  cons t ruc t  i on ,  and 
maintenance of f o r e s t  r oads ,  and by management of c l e a r e d  land which does not  
pay f u l l  a t t e n t i o n  t o  s o i l  conserva t ion  measures. The exper ience  of 
P e r e i r a  (1973) h a s  shown t h a t  it is p o s s i b l e  t o  t ransform h i l l  f o r e s t  t o  
t e a  e s t a t e  and l a r g e l y  t o  r e t a i n  t h e  hydro logica l  c h a r a c t e r i s t i c s  of t h e  
o r i g i n a l  f o r e s t .  H i s  conc lus ions  a r e  worth quot ing  i n  f u l l :  

"Thus t h e  c r i t i c a l  s t a g e s  i n  t h e  development of land from 
p r o t e c t i v e  f o r e s t  t o  t h e  cover of a  tree crop  have been 
shown t o  be p o s s i b l e  without  permanent d e t e r i o r a t i o n  i n  
water  r e sou rces  e i t h e r  i n  q u a n t i t y  o r  i n  behaviour.  High 
c a p i t a l  input  and t h e  p r o f e s s i o n a l  s k i l l  r equ i r ed  t o  ach ieve  
t h i s  degree  of hyd ro log ica l  c o n t r o l ,  almost equa l  t o  t h a t  
exer ted  by t h e  f o r e s t ,  is i n  sharp c o n t r a s t  t o  t h e  unplanned 
invas ion  of f o r e s t e d  catchment a r e a s  by peasant c u l t i v a t o r s ,  
which has  destroyed most of East A f r i c a ' s  f o r e s t s  o u t s i d e  
t h e  boundaries  of t h e  f o r e s t  r e se rves .  It is important t h a t  
t h e  hydrology of t h i s  land-use change should be c o r r e c t l y  
i n t e r p r e t e d .  ?,fountain watersheds which a r e  t h e  sou rce  a r e a s  
of important  r i v e r s  need c a r e f u l  p r o t e c t i o n .  

Natura l  f o r e s t ,  preserved aga ins t  f i r e ,  f e l l i n g ,  and 
g raz ing ,  g i v e s  e x c e l l e n t  p ro t ec t i on .  Tea e s t a t e s  planned 
and developed wi th  f u l l  s o i l  conserva t ion  a t  a  p ro fe s s iona l  
engineer ing  l e v e l ,  have s o  f a r ,  over t h e  f i r s t  t e n  yea r s ,  
proved t o  be a  hyd ro log ica l ly  e f f e c t i v e  s u b s t i t u t e . "  

Value of T rop ica l  Fo re s t  i n  Eloderating 
Cl imat ic  Condi t ions and CO, i n  t h e  

There has  been cons ide rab l e  specu la t i on ,  and alarm,  about t h e  p o s s i b l e  
e f f e c t s  of removing l a r g e  a r e a s  of t r o p i c a l  f o r e s t  on r e g i o n a l  and g loba l  
c l i m a t e  and on t h e  oxygen and carbon d iox ide  con ten t  of t h e  atmosphere. 
Th i s  h a s  been reviewed i n  Poore (1976b), and I can on ly  touch b r i e f l y  on 
t h e  conc lus ions  he re .  



It is now gene ra l ly  agreed t h a t  t h e r e  i s  no problem wi th  oxygen, but  t h e  
ques t ions  of carbon d iox ide  and c l ima t i c  change a r e  more complicated. 

Carbon dioxide.--The carbon d ioxide  content  of t h e  atmosphere is 
inc reas ing  a t  p re sen t  a t  a  r a t e  of about 0.4% per  year ,  an  inc rease  t h a t  
i s  mainly a t t r i b u t e d  t o  t h e  use of f o s s i l  f u e l s .  There is a complex 
dynamic equi l ibr ium of carbon exchange between t h e  atmosphere, t h e  land ,  
t h e  su r f ace ,  and deep l a y e r s  of t h e  ocean and sediments. Although too 
l i t t l e  i s  known about t h e  t r a n s f e r  r a t e s  between these  t o  make conf ident  
p red ic t ions ,  t h e  most a c t i v e  exchanges appear t o  t a k e  p l ace  between t h e  
land systems, t h e  atmosphere, and f o s s i l  f u e l .  

The importance of t h e  t r o p i c a l  f o r e s t  is not i n  t h e  carbon of s h o r t  
res idence  time c i r c u l a t i n g  through leaves ,  l i t t e r ,  and s o i l  humus, bu t  
i n  t h a t  of r a t h e r  l o n  e r  res idence  time locked up i n  wood. This i s  8 est imated a s  340 x 10  m e t r i c  tons (TJhittaker and Likens i n  Woodwell and 
Pekan, 1973),  compared wi th  405 x 109 me t r i c  tons  i n  a l l  o the r  f o r e s t s .  

I f  t h e  t o t a l  of t h e  carbon i n  t r o p i c a l  f o r e s t s  were t o  be re leased  i n  t h e  
next 50 yea r s  and be rep laced  by no o ther  s to red  carbon, i t  would r e l e a s e  
carbon a t  double t h e  present  r a t e  fo r  f o s s i l  f u e l s .  

"In conclusion,  t h e  d a t a  on var ious  a s p e c t s  of t h e  carbon cyc le  a r e  so  
inadequate t h a t  it i s  impossible  a t  p resent  t o  make r e l i a b l e  p red ic t ions .  
It would, t h e r e f o r e ,  be prudent,  pending more accu ra t e  models, t o  avoid 
aggravat ing t h e  s i t u a t i o n  a l r eady  caused by t h e  burning of f o s s i l  f u e l s  
and t o  r e t a i n  a  high biomass on a s  l a r g e  a  proport ion a s  p o s s i b l e  of t h e  
t r o p i c a l  moist  f o r e s t  a r e a  e i t h e r  i n  f o r e s t  o r  t r e e  crops." 

Climate.--The importance of t r o p i c a l  f o r e s t  i n  t h e  poss ib l e  r egu la t ion  
of c l ima te  l i e s  i n  t h e  phys i ca l  c h a r a c t e r i s t i c s  of i t s  s u r f a c e  a s  they 
a f f e c t  t h e  r a d i a t i o n  balance between t h e  land and t h e  atmosphere. 

When f o r e s t  removal l eads  t o  sharp  changes i n  t hese  c h a r a c t e r i s t i c s  
(e .g . ,  replacement of t r e e s  by ba re  ground), t h i s  can have a  s t rong  e f f e c t  
on l o c a l  and poss ib ly  a l s o  on reg ional  c l imate .  

Normally, however, t r o p i c a l  f o r e s t  i s  replaced by vege ta t ion  wi th  r a t h e r  
s i m i l a r  phys ica l  c h a r a c t e r i s t i c s  i n  r e l a t i o n  t o  r a d i a t i o n  balance-- 
t r e e  c rops ,  secondary f o r e s t ,  i r r i g a t e d  a g r i c u l t u r e ,  o r  grass land .  When 
t h i s  is the  case ,  i ts  removal is u n l i k e l y  t o  have s t r i k i n g  e f f e c t s .  
"The tendency t o  se l f -genera t ing  a r i d i t y  could however be important i n  
Tropica l  Rain Fores t  a r e a s  where s o i l  i s  very  poor, i n  those  a r e a s  of 
seasonal  drought where f i r e s  could inc rease  t h e  dus t  i n  t h e  atmosphere, 
and e ros ion  could lead  t o  l a r g e  a reas  of ba re  s o i l  being exposed; i n  t h e  
d e f o r e s t a t i o n  of a r e a s  of ground water o r  g a l l e r y  f o r e s t ,  and everywhere 
i n  t h e  ecotone between TMJ? i n t o  d r i e r  f o r e s t  types.  

With t h i s  degree of u n c e r t a i n t y  however i t  i s  c l e a r l y  very important t o  
approach changes of land use  i n  such s e n s i t i v e  a r eas  wi th  g rea t  cau t ion ,  
and everywhere t o  t r y  and r e p l a c e  f o r e s t ,  i f  i t  must be rep laced ,  wi th  



systems of land  use  which reproduce as f a r  a s  p o s s i b l e  t h e  most s i g n i f i c a n t  
phys i ca l  f e a t u r e s  of t h e  v e g e t a t i o n  t h a t  i s  being removed." 

THE CHOICE 

What a r e  t h e  p o s s i b i l i t i e s  f o r  t h e  f u t u r e ?  

"In a cen tury  we might see 10-15 m i l l i o n  square  k i l ome te r s  of t h e  s u r f a c e  
of t h e  Ear th  reduced t o  unproduct ive waste.  Good a g r i c u l t u r e  might 
p e r s i s t  on t h o s e  f o r t u n a t e  a r e a s  which possessed s t a b l e  vo l can i c  s o i l s  
completely r e s i s t a n t  t o  misuse;  even i f  t h e s e  had been abandoned, they 
could be reclaimed f o r  p roduct ive  use.  But t h e  p i c t u r e  of t h e  remainder 
would be ve ry  d i f f e r e n t ;  ba r r en ,  i n f e r t i l e ,  deeply eroded s o i l s  would be 
t h e  r u l e ,  covered wi th  s c rub ,  f i re -c l imax g ra s s l and ,  and t h e  b a r e s t  
s u b s i s t e n c e  farming. The p o s s i b i l i t y  of t h i s  recover ing  t o  f o r e s t  by 
n a t u r a l  succes s ion  would have gone f o r  e v e r ,  f o r  t h e  f o r e s t  trees would 
no longer  e x i s t .  I n s t ead  any v e g e t a t i o n a l  change would t a k e  t h e  form of 
c o l o n i z a t i o n  by ub iqu i tous ,  f i r e - r e s i s t a n t ,  and u s u a l l y  u s e l e s s  shrubs  and 
g r a s s e s .  The t o t a l  n a t u r a l  c a p i t a l ,  i n  s o i l  f e r t i l i t y ,  i n  v a r i e t y  of 
organisms, i n  c a p a c i t y  t o  recover  would have been l o s t .  To u s e  a phrase  
f i r s t  app l i ed  i n  t h e  Middle East, t h e  land would be  ' i n  a s t a b l e  s t a t e  
of completed e ros ion . '  

"The means t o  o b t a i n  c a p i t a l  f o r  r e s t o r a t i o n  would have gone too ;  t h e  
o r i g i n a l  f o r e s t  which had been used s o  p rod iga l ly  and unwisely i n  t h e  
l a s t  c en tu ry .  There might be minera l s ,  bu t  t hey  too  might be  a waning 
a s s e t .  

"Like the trees and animals ,  t h e  people who once l i v e d  i n  t he se  r eg ions  
would have disappeared w i t h  t h e i r  knowledge, s k i l l s ,  and c u l t u r e .  A t  
b e s t  t hey  would be completely absorbed i n  an urban economy; a t  worst  
t hey  would have l a r g e l y  succumbed t o  imported d i s e a s e  o r  be l i v i n g  a 
miserab le  e x i s t e n c e  on marginal  s o i l s  o r  i n  slum s e t t l e m e n t s  on t h e  edge 
of c i t i e s .  

"About one-tenth of a l l  t h e  s p e c i e s  of p l a n t  and animal  on t h e  Ea r th  would 
be e x t i n c t  o r  i n  d i r e  danger of e x t i n c t i o n .  A few would p e r s i s t ,  t hose  
t h a t  were adapted t o  t h e  extreme cond i t i ons ,  i n  a r e a s  which were too  
i n a c c e s s i b l e  o r  unpleasant  t o  be reached by man. Many of t h e s e  would 
be gone f o r  eve r  be fo re  t h e i r  u t i l i t y  t o  man o r  t h e  p l ea su re  t h a t  they  
might g ive  t o  him were eve r  experienced o r  even understood. 

"The eroded s o i l s  would have l o s t  most of t h e i r  c a p a c i t y  t o  absorb and 
r e t a i n  water ,  s o  t h a t  t h e  lower p a r t s  of catchment a r e a s  would be  
subjec ted  t o  a success ion  of f l o o d s  and droughts ;  and t h e  water would 
be so laden  wi th  s i l t  t h a t  i t  would be e n t i r e l y  unsu i t ab l e ,  without  
expensive t rea tment ,  f o r  domest ic  o r  even i n d u s t r i a l  use.  Impoundments 
would r a p i d l y  f i l l  w i t h  s i l t  and many dam sites would be l o s t  which might 
have been used f o r  power, o r  t h e  r e g u l a t i o n  of water  f o r  i r r i g a t i o n  o r  
o t h e r  uses .  Over most of t h e  land  t h e r e  would be e f f e c t i v e  drought 
because of r a p i d  run-off and lowered water  t a b l e s ,  even i f  t h e r e  were not  
c l i m a t i c  change induced by t h e  c a t a s t r o p h i c  l o s s  of v e g e t a t i o n  cover .  



But, probably be fo re  a l l  of t h i s  came t o  pas s  t h e r e  would a l s o  be uide- 
spread famine, epidemic d i s e a s e ,  and c i v i l  s t r i f e .  

"This i s  f a n c i f u l  perhaps; bu t  s o  may have seemed t h e  warning i n  P l a t o  
two m i l l e n i a  ago--a warning t h a t  was not  taken,  wi th  consequences t h a t  
a r e  a l l  too c l e a r  today. This  passage (Cr i t ea s ,  about 400 BC) b e a r s  
quot ing once aga in  because i t s  message i s  so t o p i c a l .  

"'There a r e  mountains i n  A t t i c a  which can now keep nothing but  bees ,  bu t  
which were c lo thed  not  so long ago wi th  f i n e  trees, producing timber 
s u i t a b l e  f o r  roo f ing  t h e  l a r g e s t  bu i ld ings ;  t h e  r o o f s  hewn from t h i s  
t imber a r e  s t i l l  i n  ex i s t ence .  There were a l s o  many l o f t y  c u l t i v a t e d  
trees, whi le  t h e  count ry  produced boun t i fu l  pa s tu re s  f o r  c a t t l e .  The 
annual supply of r a i n f a l l  was not  then l o s t ,  a s  i t  i s  a t  p r e s e n t ,  through 
being allowed t o  f low over a  denuded s u r f a c e  t o  t h e  s ea .  It was rece ived  
by t h e  country i n  a l l  i t s  abundance, s t o r e d  i n  impervious p o t t e r ' s  e a r t h ,  
and so was a b l e  t o  d i s cha rge  t h e  dra inage  of t h e  h i l l s  i n t o  t h e  hollows 
i n  t h e  form of s p r i n g s  o r  r i v e r s  w i th  an  abundant volume and wide d i s t r i -  
but ion.  The s h r i n e s  t h a t  su rv ive  t o  t h e  p re sen t  day on t h e  e x t i n c t  water  
supp l i e s  a r e  evidence f o r  t h e  co r r ec tnes s  of my hypothes i s . '  

"This process  of denudat ion and impoverishment has  gone on t o  t h e  p re sen t  
day almost  unchecked, though more slowly because t h e r e  i s  less t o  l o s e .  
It i s  now so complete t h a t  i t  is  almost impossible  t o  persuade those  who 
l i v e  t h e r e  t h a t  i t  was ever  any d i f f e r e n t .  Y e t  because many of t h e  
s p e c i e s  of p l a n t  have long-l ived seeds  and e f f i c i e n t  d i s p e r s a l ,  e x t i n c t i o n s  
may have been r e l a t i v e l y  few. The bu i ld ing  s tones  a r e  t h e r e  which could 
be t h e  foundat ion  of recovery.  In  t h e  t r o p i c s ,  e s p e c i a l l y  i n  t h e  a r e a  of 
r a i n  f o r e s t ,  i t  would be  d i f f e r e n t .  

"Unfortunately i t  is  a l l  too  easy  t o  f i n d  somewhere i n  t h e  t r o p i c a l  moist  
f o r e s t  reg ion ,  examples of every  one of t h e  processes  t h a t  I have descr ibed  
above. Massive t imber concessions have been granted i n  t h e  P h i l i p p i n e s ,  
Indonesia ,  and Sabah be fo re  t h e  u l t i m a t e  a l l o c a t i o n  of t h e  land i s  known. 
La t in  America abounds wi th  examples of land se t t l emen t  without  previous 
survey of land  c a p a b i l i t y ,  o f t e n  on s o i l s  where sus t a ined  a g r i c u l t u r e  has  
no chance of success .  I n  a lmost  a l l  r eg ions  t h e r e  i s  logging be fo re  t h e  
s i l v i c u l t u r a l  knowledge i s  a v a i l a b l e  on which management f o r  su s t a ined  
y i e l d  might be  based. The l a s t  remaining a r e a s  of unique types  of f o r e s t  
a r e  being c l ea red  o r  logged without  app rec i a t i on  of t h e i r  o the r  va lues .  
Indigenous peoples  a r e  being d i sp l aced  t o  make way f o r  o t h e r  uses  of t h e  
l and .  Even i n  c o u n t r i e s  where development i s  being c a r r i e d  ou t  a f t e r  
c a r e f u l  assessment of land c a p a b i l i t y ,  t h e r e  i s  inadequate  provis ion  f o r  
t h e  safeguarding of n a t u r a l  a r e a s  and gene t i c  r e sou rces .  Everywhere 
development is  proceeding without  making use  of experience which is a l r eady  
a v a i l a b l e .  

"But none of t h i s  need happen. There i s  another  p o s s i b l e  p i c t u r e .  Adequate 
and c a r e f u l l y  s e l e c t e d  a r e a s  f o r  t h e  p r o t e c t i o n  of f l o r a  and fauna and of 
ecosystems; o t h e r  a r e a s  of n a t u r a l  l and ,  e s p e c i a l l y  perhaps t hose  of 
h igh  scen i c  va lue ,  s e t  a s i d e  f o r  r e c r e a t i o n  and enjoyment; t h e  ga the r ing  



grounds of water  and t h e  banks of r i v e r s  under n a t u r a l  f o r e s t  cover;  l ands  
no t  s u i t a b l e  f o r  a g r i c u l t u r e  managed, wherever t h i s  i s  c o n s i s t e n t  w i th  
o t h e r  conserva t ion  o b j e c t i v e s ,  f o r  a  su s t a ined  y i e l d  of timber o r  o the r  
f o r e s t  produce; i n t e n s i v e l y  managed p l a n t a t i o n s  of tree crops  i n  s u i t a b l e  
s i t e s ;  and, a l lowing  f o r  t h e  needs of p r o t e c t i o n ,  a l l  s o i l s  of h igh  
p o t e n t i a l  f e r t i l i t y  and few l i m i t a t i o n s  under kn tens ive  farming. 

"In much of t h e  TIP a r e a  t h i s  choice is  s t i l l  a v a i l a b l e .  A high  propor- 
t i o n  of t h e  land s u r f a c e  is  s t i l l  under f o r e s t  and t h e  c l ima te  i s  
favourable  f o r  p l a n t  growth. But i n  some a r e a s  p re s su re  of popula t ion  
makes it necessary t o  r e s o r t  t o  t h e  slow process  of land r e s t o r a t i o n .  

"The t r u e  cou r se  of even t s  i s  l i k e l y  t o  l i e  somewhere between t h e  two. 
It is  un fo r tuna t e ly  u n l i k e l y  t h a t  Governments w i l l  undertake and s u s t a i n  
t h e  h igh  l e v e l  of long-term planning t h a t  would be  needed t o  b r ing  about 
t h e  second, u top ian ,  p i c t u r e ;  and even i f  they  d i d ,  mis takes  a r e  bound 
t o  occur .  An a d d i t i o n a l  d i f f i c u l t y  concerns t h e  needs of i n t e n s i v e  
systems f o r  energy and f e r t i l i z e r s .  The r e a l i z a t i o n  of t h e  type  of 
landscape t h a t  ha s  been sketched above depends on t h e  zonat ion of land.  
Some p a r t s  a r e  p ro t ec t ed  from modi f ica t ion  by i n t e n s i f i c a t i o n  of u se  on 
t h e  o t h e r s .  This  i n t e n s i f i c a t i o n  can be brought about e i t h e r  by inves t -  
m e n t  i n  machinery, f e r t i l i z e r s  and p e s t i c i d e s  ( t o  s i m p l i f y  somewhat), o r  
by more i n t e n s i v e  human involvement i n  more se l f -conta ined  systems. Both 
a r e  p o s s i b l e  means of a t t a i n i n g  t h e  same o b j e c t i v e  and both  a r e  c o n s i s t e n t  
w i th  t h e  kind of zonat ion proposed. They w i l l ,  however, l e a d  t o  very  
d i f f e r e n t  k inds  of l i f e  f o r  t h e  people concerned. The choice  w i l l  no 
doubt depend on p o l i t i c a l  p r e f e r ences  and on f u t u r e  t r ends  i n  c o s t s  of 
energy,  t h e  c o s t  and a v a i l a b i l i t y  of imported f e r t i l i z e r s ,  and t h e  f u t u r e  
demand f o r  t h e  kind of raw m a t e r i a l s  t h a t  can be produced i n  t h e  TMF 
reg ion .  The po in t  t o  emphasize he re  i s  t h a t  good zonat ion and land  
management w i l l  l e a v e  t h i s  choice  open; bad planning and management w i l l  
c l o s e  i t  inexorably.  

"What, then,  i s  t h e  conc lus ion?  It is  simple and i n  no way new. I f  t h e  
g r e a t e s t  b e n e f i t  i s  t o  be der ived  from t h e  TMF and t h e  undes i r ab l e  
consequences avoided,  t h r e e  t h ings  a r e  necessary:  good planning f o r  t h e  
a l l o c a t i o n  and use  of l and ;  high s tandards  i n  t h e  conversion from one use  
t o  ano the r ;  and good management. This  r e q u i r e s  v igorous  Government a c t i o n ,  
above a l l ,  a s  w e l l  a s  much g r e a t e r  publ ic  understanding.  Although I have 
from t i m e  t o  t i m e  emphasized t h e  l ack  of in format ion ,  t h e r e  is  a l r eady  
a v a i l a b l e  i n  t h e  world t h e  knowledge and experience t o  implement t h e  
g r e a t  ma jo r i t y  of t h e  measures t h a t  would ensure  t he  smooth and s a t i s f a c t o r y  
development of t h e  TMF reg ion .  The main b a r r i e r s  a r e  i n  a t t i t u d e s  and i n  
i n s t i t u t i o n s .  A f a i l u r e  t o  a p p r e c i a t e  t h e  r e a l l y  v i t a l  importance of 
choosing t h e  r i g h t  course;  a  tendency t o  s a c r i f i c e  long-term b e n e f i t s  f o r  
immediate g a i n s ,  however untoward t h e  consequences may be; a  l a c k  of 
p o l i t i c a l  w i l l  t o  a c t ;  a  f a i l u r e  of those  who need advice  t o  g e t  i n  c o n t a c t  
w i t h  those  who can g i v e  i t ;  t h e  shor tage  of t r a i n e d  personnel  t o  c a r r y  ou t  
ope ra t i ons  t o  t h e  requi red  s t anda rds ;  and a  r e luc t ance  t o  o b t a i n  i n f o r -  
mat ion i n  t h e  f i e l d s  where l a c k  of information is t h e  main b a r r i e r  t o  
a c t i o n .  F i n a l l y  t h e r e  is  t h e  l a c k  of pub l i c  app rec i a t i on  of t h e  



importance of t h e  i s s u e s  and t h a t  what may appear t o  be an unnecessary 
immediate s a c r i f i c e  i s  f o r  t h e  sake of a  g r e a t  and l a s t i n g  b e n e f i t .  
What P e r e i r a  has  s a i d  (1973) about watershed p ro t ec t i on  a p p l i e s  t o  t h e  
much wider f i e l d  of w i s e  management of n a t u r a l  resources :  

" 'This i s  a  c a s e  where community d i s c i p l i n e  must hold t h e  boundary whi le  
community educat ion ca t ches  up. Persuasion i s  always t h e  b e s t  approach, 
and o f f e r s  t h e  only permanent so lu t ion ,  bu t  no country can a f f o r d  t h e  
d e s t r u c t i o n  of i r r e p l a c e a b l e  n a t u r a l  r e sou rces  f o r  l a c k  of p r o t e c t i o n  
dur ing  t h e  long  period of publ ic  educat ion. '  

"Wise use  of  t h e  TMF i n  f u t u r e  r e q u i r e s  a r evo lu t ion  of a t t i t u d e s .  W e  
should t r e a t  t h e  world a s  we would t r e a t  our  garden o r  a  va luab le  work 
of a r t .  It should b e  a s  unthinkable  t o  des t roy  a  unique a r e a  of f o r e s t  
a s  t o  break  up t h e  Taj tlahal f o r  road meta l  o r  t o  burn a  canvas of Raphael 
t o  keep warm f o r  an hour. I n  p r a c t i c e  t h i s  means t h a t  t h e  onus of 
proving t h e i r  c a s e  should l i e  wi th  t hose  who wish t o  remove t h e  f o r e s t  
r a t h e r  than  those  who wish t o  r e t a i n  i t .  They should be ob l iged  t o  
demonstrate t h a t  t h e  changes they  propose a r e  genuinely f o r  t h e  l a s t i n g  
b e n e f i t  of t h e  comuni ty ."  
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ENVIRONMENTAL IMPLICATION OF 

ANY-SPECIES UTILIZATION 

I N  THE HOIST TROPICS 

Jack  Ewe1 and Loufs Conde 

The tremendous i nc reases  i n  world demand f o r  wood have, du r ing  t h e  p a s t  
decade, caused r ap id  a c c e l e r a t i o n  i n  t h e  r a t e  of logging i n  t h e  moist  
t r o p i c s .  Because r e l a t i v e l y  few spec i e s  a r e  harves ted ,  t h e  demand is 
s a t i s f i e d  by logging tremendous a r e a s .  I n  some c a s e s ,  t h e  high-graded 
r e s i d u a l  f o r e s t s  a r e  subjec ted  t o  s i l v i c u l t u r a l  t rea tment ,  bu t  more o f t e n  
t h e  land is abandoned t o  l e t  n a t u r e  recover  a s  i t  w i l l .  Most commonly, 
i t  is c l e a r e d  o f f  f o r  g r az ing  or  s h i f t i n g  a g r i c u l t u r e .  

I f  t h e  world demand f o r  wood is  t o  be  m e t  without t h e  degrada t ion  and 
d e s t r u c t i o n  of a l l  t r o p i c a l  f o r e s t s ,  t h e  only a l t e r n a t i v e  seems t o  be  
t h a t  of i nc reas ing  our  t e c h n i c a l  c a p a b i l i t y  t o  use  a  wider range of  
spec i e s .  I n t e n s i v e  f o r e s t  u t i l i z a t i o n  and management app l i ed  t o  smal le r  
a r e a s  can provide a  means f o r  t ak ing  t h e  p re s su re  of f  of o t h e r  l ands  
while  pe rmi t t i ng  developing t r o p i c a l  n a t i o n s  t o  tap  t h e  h igh  p o t e n t i a l  
p r o d u c t i v i t y  of t h e i r  f o r e s t s .  

I n  t he  hands of  t h e  greedy, t h e  t echn ica l  c a p a b i l i t y  t o  u t i l i z e  any and 
a l l  spec i e s  could l ead  t o  unprecedented d e s t r u c t i o n  of t r o p i c a l  f o r e s t s .  
Used wise ly ,  however, i t  could provide u s  wi th  e c o l o g i c a l l y  b e n e f i c i a l  
s i l v i c u l t u r a l  t o o l s  which could be used t o  maintain t r o p i c a l  f o r e s t s  a s  
h igh ly  product ive ,  d i v e r s e ,  renewable ecosystems. 

There i s  no t  much d a t a  a v a i l a b l e  on t h e  environmental problems which 
might r e s u l t  from i n t e n s i f i e d  u t i l i z a t i o n  of f o r e s t s  i n  t h e  humid t r o p i c s .  
Furthermore, t h e  heterogenei ty--cl imat ic ,  f l o r i s t i c ,  edaphic ,  and social--  
is immense, s o  t he  environmental problems encountered would vary  g r e a t l y  
from p l ace  t o  p lace .  I n  t h e  fol lowing s e c t i o n s  we have attempted t o  
s i g n a l  some of t h e  problems which might be a n t i c i p a t e d  wi th  r e s p e c t  t o  
s o i l s  and n u t r i e n t s ,  water ,  vege t a t i on ,  and animals .  

IMPACTS ON SOILS AND NUTRIENTS 

Deep, well-weathered t r o p i c a l  s o i l s ,  which form under cond i t i ons  of high 
r a i n f a l l ,  h igh,  uniform temperatures ,  and high r a t e s  of o rganic  ma t t e r  
tu rnover ,  a r e  t i g h t l y  l inked  t o  t h e  vege t a t i on  growing upon them. When 
t h a t  l i n k  i s  broken, a s  through harves t ing  t h e  vege t a t i on ,  t h e  s o i l  
c h a r a c t e r i s t i c s  change. Under cond i t i ons  of moderate,  short- term 
d i s tu rbance  those  changes a r e  u sua l ly  temporary, b u t  i f  t h e  d i s tu rbance  
is severe  and prolonged, t h e  changes a r e  sometimes i r r e v e r s i b l e .  

PREVIOUS PAGE BLANK 



Trop ica l  s o i l s  are i n f i n i t e l y  more v a r i e d  than t h e  uniform bands of red  
which of t e n  d e p i c t  them on t h e  maps included as end f l a p s  of i n t roduc to ry  
geography t e x t s .  It is ,  t h e r e f o r e ,  impossible  t o  desc r ibe  a  " typ i ca l "  
t r o p i c a l  s o i l  and d e s c r i b e  i ts  s u s c e p t i b i l i t y  t o  damage due t o  f o r e s t  
u t i l i z a t i o n .  Some t r o p i c a l  s o i l s  can wi ths tand  tremendous phys i ca l  abuse  
and s t i l l  respond by suppor t ing  a l u x u r i a n t  vege t a t i on .  Others  a r e  
extremely s e n s i t i v e  and, i f  d i s tu rbed ,  become t h e  s u b s t r a t e  f o r  a  
d i f f e r e n t  v e g e t a t i o n ,  o f t e n  one which i s  l e s s  product ive  and d i v e r s e  
than  t h e  o r i g i n a l  f o r e s t .  

Phys ica l  E f f e c t s  

Erosion i s  one of t h e  most conspicuous phys i ca l  r e s u l t s  of humid t r o p i c a l  
f o r e s t  u t i l i z a t i o n  b u t  should no t  be an  insurmountable engineer ing  problem. 
A l l  s t u d i e s  of e r o s i o n  and i t s  r e l a t i o n  t o  logging of humid t r o p i c a l  
f o r e s t s  i n d i c a t e  t h a t  e r o s i o n  does i n c r e a s e  dur ing  and a f t e r  logging 
(Pernet  1952, Kellman 1969, Burgess 1971, Anderson 1972, Liew 1974) ,  and 
i f  logging  is followed by f i r e ,  e ro s ion  is even g r e a t e r  (Wyatt-Smith 1949).  
Most s t u d i e s  i n d i c a t e  a  gene ra l  d e c l i n e  i n  e ros ion  a s  regrowth deve lops ,  
a l though e ros ion  may con t inue  i n  l o c a l  h igh ly  d i s tu rbed  a r e a s  f o r  many 
yea r s .  Most e ros ion  i s  t y p i c a l l y  a s soc i a t ed  wi th  roads  and s k i d  t r a i l s ,  
i . e . ,  t h e  a r e a s  which s u s t a i n  t h e  most s o i l  damage. 

Other phys i ca l  e f f e c t s  on s o i l s  inc lude  compaction and l o s s  of s t r u c t u r e .  
Undisturbed f o r e s t  s o i l s  tend t o  have higher  v a l u e s  f o r  crumb s t a b i l i t y  
and p o r o s i t y ,  and lower v a l u e s  f o r  bu lk  d e n s i t y ,  than s o i l s  which have 
been c l e a r e d .  The amount of t h i s  type of s o i l  damage depends, i n  p a r t ,  
on t h e  ha rves t i ng  techniques used. 

Chemical E f f e c t s  

Unlike many temperate  s o i l s  which d e r i v e  most of t h e i r  c a t i o n  exchange 
c a p a c i t y  (CEC) from c l a y s ,  many s o i l s  of t h e  humid t r o p i c s  owe most of 
t h e i r  CEC t o  t h e i r  c o l l o i d a l  o rganic  ma t t e r  con ten t .  Accordingly, most 
chemical changes which occur i n  t r o p i c a l  s o i l s  a s  a  r e s u l t  of f o r e s t  
u t i l i z a t i o n  probably r e f l e c t  changes i n  t h e  s o i l  o rganic  ma t t e r .  
Contrary t o  common b e l i e f ,  however, t h e  r a t e  of o rgan ic  matter breakdown 
does n o t  i n c r e a s e  a f t e r  c l e a r i n g  (Ewe1 1976).  I n  f a c t ,  t h e  s o i l  i n  a  
f o r e s t  c l e a r i n g  is a  ha r sh  environment f o r  t h e  micro-organisms r e spons ib l e  
f o r  o rganic  matter breakdown. The s o i l  o rgan ic  ma t t e r  does d e c l i n e  
a f t e r  c l e a r i n g ,  b u t  does s o  because t h e  organic  mat te r  i n p u t s  ( leaf  and 
branch f a l l )  a r e  c u t  o f f ,  n o t  because decomposition is a c c e l e r a t e d .  The 
drop i n  ECE a f t e r  c l e a r i n g  r e l e a s e s  n u t r i e n t s  i n t o  t h e  s o i l  s o l u t i o n ,  
where they  a r e  s u b j e c t  t o  l o s s  through leaching  and s u r f a c e  runof f .  

Not a l l  of t h e  n u t r i e n t  l o s s  due t o  leaching  i s  permanent. S tud i e s  
i n d i c a t e  t h a t  t h e  n u t r i e n t s  immobilized i n  regrowth and f a l l ow  s o i l  
qu ick ly  approach t h e  l e v e l s  found under mature f o r e s t  (Joachim and 
Kandiah 1948, Soerianegara 1970, Brams 1973, Golley e t  a l .  1975).  Some 
of t h e  leached n u t r i e n t s  a r e  r e t r i e v e d  by deep-rooted p l a n t s ,  e s p e c i a l l y  
on sandy, wel l -drained s o i l s .  Such uptake is much less l i k e l y  i n  more 



t y p i c a l  f i ne - t ex tu red ,  deeply  weathered s o i l s ,  however. Such s o i l s  a r e  
o f t e n  imperfec t ly  dra ined ,  n u t r i e n t  poor,  and have 9.0 percent  o r  more of 
t h e i r  p l a n t  r o o t s  i n  t h e  upper 10-15 cm. Nu t r i en t s  leached deeply  i n t o  
such s o i l s  a r e  almost i r r e t r i e v a b l e .  

I f  post-harvest  burns a r e  used t o  reduce logging d e b r i s ,  t h e  n u t r i e n t s  
t i e d  up i n  t h e  s l a s h  a r e  r e l ea sed  and may be l o s t  due t o  leaching  and 
runoff  (Brinknan and Nascimento 1973). I f  regrowth i s  r a p i d ,  however, 
a s  a t  t h e  onse t  of t h e  wet season,  many of t h e  r e l ea sed  n u t r i e n t s  w i l l  
be  a v a i l a b l e  f o r  t h e  new regrowth, t hus  i n su r ing  t h a t  t h e  s o i l  is quick ly  
covered w i t h  vege t a t i on .  

One ve ry  important p o t e n t i a l  l o s s  which has  no t  been w e l l  s t ud i ed  is t h e  
removal of n u t r i e n t  i n  harves ted  biomass. This  may be  edpec i a l l y  
important i n  t r o p i c a l  f o r e s t s ,  where t h e  bulk of t h e  n u t r i e n t  c a p i t a l  
of t h e  s i te  is incorporated i n  t h e  v e g e t a t i o n ,  r a t h e r  than i n  t h e  s o i l  
a s  i n  most temperate  zone f o r e s t s .  To g e t  an i dea  of t h e  magnitude of 
n u t r i e n t  removal from t r o p i c a l  f o r e s t s  we  cons t ruc ted  f i g u r e  1. This  
shows t h e  average t o t a l  s t and ing  crop ( s o i l ,  l i t t e r ,  r o o t s ,  and above 
ground vege t a t i on )  of n i t r o g e n ,  phosphorus, potassium, calcium, and 
magnesium i n  sample temperate  and t r o p i c a l  f o r e s t s .  The r e l a t i v e  s i z e  
of each c i r c l e  i s  sca l ed  t o  t h e  t o t a l  s tanding  c rop ,  whi le  t h e  c ross -  
hatched segment i n d i c a t e s  t h e  amount removed when bo le s  (with bark i n t a c t )  
a r e  removed. It is c l e a r  from t h e s e  d a t a  t h a t  n u t r i e n t  d e p l e t i o n  of 
t r o p i c a l  f o r e s t s  through wood removal is p o t e n t i a l l y  a  s e r i o u s  problem 
and one which must be  given s t rong  cons ide ra t i on  i f  increased  r a t e s  of 
ha rves t i ng  a r e  a n t i c i p a t e d .  

The l e a s t  conspicuous, b u t  perhaps t h e  most important ,  p o t e n t i a l  e f f e c t  
of f o r e s t  u t i l i z a t i o n  on t h e  s o i l  is t h a t  on t h e  micro-organisms. These - 

organisms a r e  important i n  n u t r i e n t  cyc l ing  and maintenance of s o i l  
po ros i t y .  Of s p e c i a l  importance a r e  t h e  mycorrhizal  fung i  which a r e  
e s s e n t i a l  f o r  t h e  n u t r i t i o n ,  and consequently t h e  s u r v i v a l ,  of a lmost  
a l l  t r o p i c a l  trees. The l imi t ed  number of s o i l  micro-organism s t u d i e s  
i n d i c a t e  t h a t  some b a c t e r i a l ,  funga l ,  and s o i l  ar thropod popula t ions  
decrease  fo l lowing  s i t e  d i s tu rbance  (Coulter 1950, Meiklejohn 1962, 
Aspi ras  c i t e d  by Blanche 1975, Lasebikan 1975).  

Some of t h e  s o i l  b a c t e r i a  a r e  n i t rogen  f i x e r s  and, a s  such, may be  
c r u c i a l  components of t h e  f o r e s t ' s  n i t rogen  cyc le .  Nitrogen i s  
f r equen t ly  a  p o t e n t i a l l y  l i m i t i n g  f a c t o r  i n  t r o p i c a l  f o r e s t  growth. 
Dommergues (1954) repor ted  t h a t ,  fol lowing f o r e s t  d e s t r u c t i o n ,  t h e  
d e n s l t y  of n i t rogen  f i x i n g  b a c t e r i a  was 4 t o  1 0  t i m e s  lower than t h a t  
of t h e  undis turbed f o r e s t .  H e  a l s o  r epo r t ed  t h a t  t h e  d e n s i t y  of 
c e l l u l o l y t i c  b a c t e r i a  was 8 t o  33 times lower than t h a t  observed before  
f o r e s t  d e s t r u c t i o n .  This ,  coupled wi th  t h e  r educ t ion  of popula t ions  of 
s o i l  and l i t t e r - i n h a b i t i n g  a r thropods ,  could s i g n i f i c a n t l y  reduce t h e  
r a t e  of l i t t e r  breakdown and n u t r i e n t  cyc l ing .  
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Figure  1. Tota l  ecosystem n u t r i e n t s  (numbers i n  c i r c l e )  and t h e  f r a c t i o n  l o s t  
through harves t  i n  sample temperate and t r o p i c a l  f o r e s t s .  Values a r e  k i lo -  
grams per hec ta re .  Cross-hatching i n d i c a t e s  t h e  amount removed when t r e e s  
a r e  harvested (bo les  o n l y ) ,  assuming t h a t  a l l  r o o t s ,  branches,  and l eaves  
remain i n  the  f o r e s t .  

Temperate d a t a  a r e  a mean o f  four  kinds  of vege ta t ion  from Ovington 
(1962) : Pinus s y l v e s t r i s ,  Pseudotsuga t ax i f  o l i a ,  Betula  ve r rucosa ,  and 
quercus  robur .  Trop ica l  d a t a  a r e  a mean of d a t a  from Kade, Niger ia  and 
Yangambi, Za i re  (summarized i n  Nye and Greenland 1960) p lus  Puer to  Rico 
(Odum and Pigeon 1970). 
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S o i l  micro-organisms i n  t h e  humid t r o p i c s  may be more s u s c e p t i b l e  t o  s i t e  
exposure than those  of temperate zones because temperate-zone s o i l  micro- 
organisms commonly have r e s i s t a n t  s t a g e s  i n  t h e i r  l i f e  cyc l e s  which a l l ow  
them t o  su rv ive  i n  a  s ea sona l ly  harsh environment. Tropica l  micro- 
organisms, on t h e  o t h e r  hand, may not  always possess  such r e s i s t a n t  s t a g e s  
and might be  d r a s t i c a l l y  a f f e c t e d  i f  t h e i r  microenvironment is apprec iab ly  
a l t e r e d .  

I'MPACTS ON WATER RESOURCES 

Abundant water  i s  one of t h e  g r e a t  n a t u r a l  r e sou rces  of t h e  humid t r o p i c s :  
most humid t r o p i c a l  a r e a s  r e c e i v e  more than two meters of r a i n  per  year  
and some a r e a s  r e c e i v e  e i g h t  t o  10 o r  more. Evapot ransp i ra t ion  from 
n a t u r a l  f o r e s t  vege t a t i on  i n  t h e  t r o p i c a l  lowlands is  about 1600 mm per  
yea r ,  and most of t h e  d i f f e r e n c e  between t h a t  and r a i n f a l l  shows up a s  
runo f f .  This  runoff  is  c r u c i a l  f o r  i r r i g a t i o n  i n  d r i e r  downstream reg ions ,  
f o r  urban and i n d u s t r i a l  consumption, and (possibly most important of a l l  
i n  t h e  f u t u r e )  f o r  t h e  d r i v i n g  f o r c e  t o  produce h y d r o e l e c t r i c  power i n  
foss i l - fue l -poor  developing na t ions .  Despi te  t h e  g r e a t  importance of t h e  
water  r e sou rces  of t r o p i c a l  n a t i o n s  and t h e  g r e a t  p o t e n t i a l  impact t h a t  
f o r e s t  u t i l i z a t i o n  can have upon them, t h e r e  has  been very  l i t t l e  s tudy  
of t h e  r e l a t i o n s h i p  between f o r e s t  u t i l i z a t i o n  p r a c t i c e s  and water .  

Water Yield 

Because t h e  combined evapora t ion  and t r a n s p i r a t i o n  from a  f o r e s t  
r e t u r n s  more water t o  t h e  atmosphere than does ba re - so i l  evapora t ion  a lone ,  
i t  i s  gene ra l l y  t r u e  t h a t  removal of t h e  f o r e s t  cover r e s u l t s  i n  g r e a t e r  
t o t a l  annual  water y i e l d  v i a  runoff and streamflow. The amount of l e a f  
a r e a  per  u n i t  ground a r e a  ( i . e . ,  l e a f  a r e a  index,  o r  LAI) i s  gene ra l l y  q u i t e  
high i n  t r o p i c a l  f o r e s t s ,  w i th  va lues  of seven t o  1 0  commonly r epo r t ed  
i n  t h e  l i t e r a t u r e .  This  compares t o  LA1 va lues  of fou r  t o  s i x  which a r e  
f r equen t ly  r epo r t ed  f o r  temperate f o r e s t s .  The h igher  LA1 of t r o p i c a l  
f o r e s t s  may r e s u l t  i n  p ropor t i ona t e ly  g r e a t e r  t r a n s p i r a t i o n  from t r o p i c a l  
f o r e s t s  than from temperate f o r e s t s ,  s o  t h e  i nc reases  i n  water y i e l d  
fol lowing f o r e s t  c l e a r i n g  may be p ropor t i ona t e ly  h igher  than those  
fo l lowing  c l e a r i n g  of temperate f o r e s t s .  I n  some c a s e s ,  t h i s  a d d i t i o n a l  
water y i e l d  may be a  welcome a d d i t i o n a l  r e sou rce ,  but more o f t e n  t han  
n o t  i t  occurs  a s  a  rush ing  t o r r e n t  of post-storm water  which f r equen t ly  
inundates  a g r i c u l t u r a l  f lood  p l a in s .  

One a s p e c t  of water y i e l d  and i ts  r e l a t i o n s h i p  t o  f o r e s t s  which i s  almost  
unique t o  t h e  t r o p i c s  i s  t h a t  s i t u a t i o n  where t h e  presence of f o r e s t  
vege t a t i on  may inc rease  t h e  t o t a l  y i e l d  from a  watershed. This  occurs  
i n  cloud f o r e s t s ,  where t r a n s p i r a t i o n  i s  low and t h e  vege t a t i on  is  
buf fe ted  by moisture-laden a i r ,  f r equen t ly  d r iven  by t h e  t r a d e  winds. 
I n  such ca se s  t h e  t r e e  l imbs ,  l e aves ,  and ep iphytes  a c t  l i k e  a  condenser 
which s t r i p s  t h e  water o u t  of t he  a i r .  The increased  water input  from 
t h i s  f i l t e r i n g  a c t i o n  is ve ry  s u b s t a n t i a l ,  o f t e n  account ing f o r  ha l f  o r  
more of t h e  t o t a l  (Weaver 1972).  Many such cloud f o r e s t s  a r e  dwarfed 
and do no t  con ta in  commercial t imber ,  bu t  o t h e r s  a r e  t a l l  and pr ized  by 



loggers .  Any planned f o r e s t  u t i l i z a t i o n  of such cloud f o r e s t s  should 
c e r t a i n l y  cons ider  t h e  p o t e n t i a l  downstream e f f e c t s  of decreased water 
y i e l d  t h a t  might r e s u l t  from f o r e s t  c u t t i n g .  These f o r e s t s  a r e  u s u a l l y  
wet throughout t h e  year ,  and t h u s  supply the  continuous s t reams of water 
necessary f o r  s p e c i a l  u ses  such a s  small-scale  hydroe lec t r i c  power. 

Water Qual i ty  

There have been ve ry  few s t u d i e s  of t h e  impact of f o r e s t  u t i l i z a t i o n  on 
water q u a l i t y  i n  t h e  t r o p i c s .  The scan t  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  
sediment l o a d s  i n  s t reams inc rease  two- t o  four-fold a f t e r  f o r e s t  
c l e a r i n g ,  wi th  immediate post-logging sediment p u l s e s  sometimes being 
50 t imes g r e a t e r  than  those  on comparable f o r e s t e d  watersheds (Gilmour 1971) 
I n  a d d i t i o n  t o  minera l  sediments ,  t h e  i npu t  of organic  m a t t e r  i n t o  s t reams 
may decrease  water q u a l i t y  by increas ing  t h e  oxygen demand a s  we l l  a s  
causing increased  t u r b i d i t y .  Unless a s i t e  i s  seve re ly  d i s tu rbed  and 
seed sources  a r e  removed, however, success ion  normally proceeds r a p i d l y  i n  
t h e  humid lowland t r o p i c s ,  s o  t h e  increased minera l  and organic  sediment 
load fol lowing ha rves t ing  should drop more quick ly  i n  t he  t r o p i c s  than 
i n  t h e  temperate zone. 

Two p r a c t i c e s  a s soc i a t ed  w i t h  f o r e s t  u t i l i z a t i o n  a r e  undoubtedly most 
c l o s e l y  r e l a t e d  t o  impact on water  q u a l i t y :  t h e  type  of e x t r a c t i o n  
technique used ( t r a c t o r  sk idding ,  high-lead, e t c . ) ,  and road and s k i d  
t r a i l  l ayou t .  Much logging of t r o p i c a l  f o r e s t s  i s  pure ly  e x p l o i t a t i v e ,  
and i t  is  not  uncommon t o  s e e  streambeds used a s  sk id  t r a i l s  and dry- 
season streambed c ros s ings  made by e a r t h  and log  f i l l s  which a r e  l e f t  
a f t e r  logging t o  be washed ou t  by wet season r a i n s .  Such p r a c t i c e s  a r e  
c l e a r l y  amenable t o  engineer ing  s o l u t i o n s ,  and a n  inc rease  i n  f o r e s t  
u t i l i z a t i o n  i n t e n s i t y ,  i f  done consc i en t ious ly ,  should not  g r e a t l y  
i nc rease  water  q u a l i t y  problems. 

The impact of increased  i n t e n s i t y  of t r o p i c a l  f o r e s t  u t i l i z a t i o n  on water 
y i e l d s  and water q u a l i t y  i s  l i k e l y  t o  be of i nc reas ing  concern, e s p e c i a l l y  
i n  l i g h t  of popula t ion  inc reases  and r i s i n g  demands f o r  bo th  wood and 
water .  Changes i n  water y i e l d  and decreases  i n  water  q u a l i t y  can be 
expected t o  accompany increased  i n t e n s i t y  of f o r e s t  u t i l i z a t i o n  and may 
p l ace  r e s t r i c t i o n s  on t h e  s i z e  of f o r e s t e d  blocks sub jec t ed  t o  
u t i l i z a t i o n  a t  a given time. 

IMPACTS ON VEGETATION 

It is probably f a i r  t o  c h a r a c t e r i z e  most of t h e  logging going on today 
i n  t h e  humid t r o p i c s  a s  more of a mining ope ra t ion  than  an e x e r c i s e  i n  
renewable resource  u t i l i z a t i o n  and management. The a b i l i t y  t o  u se  
more spec i e s  should make i t  poss ib le  t o  t u rn  t h i s  s i t u a t i o n  around. 
Less wood w i l l  be l o s t  due t o  logging damage, and c u r r e n t  s i l v i c u l t u r a l  
p r a c t i c e s  d i r e c t e d  a g a i n s t  c u r r e n t l y  unusable s p e c i e s  (e.g., g i r d l i n g  
and poisoning, d i scussed  by Meijer 1968) may be obviated.  



Xesidual Stand 

L i t t l e  a t t e n t i o n  2s paid t o  t he  r e s i d u a l  vege t a t i on  dur ing  logging,  w i t h  
t h e  r e s u l t  t h a t  much of  i t  i s  i r r e p a r a b l y  damaged and l e f t  t o  r o t .  
Usually about 50 percent  of t h e  r e s i d u a l  s tand is damaged (e.g., s e e  
Burgess 1971).  Nost damage r e s u l t s  from e x t r a c t i o n  r a t h e r  than  f e l l i n g  
(Redhead 1960),  bu t  f e l l i n g  damage inc reases  wi th  bo th  t he  s i z e  of t h e  
i nd iv idua l  trees being harves ted  and t h e  volume of t imber removed per  
u n i t  a r e a  (Nicholson 1958, Mensah 1966).  

Ex t r ac t i on  not  on ly  damages r e s i d u a l  vege t a t i on  but  a l s o  d i s t u r b s  t h e  
f o r e s t  s o i l .  Typica l ly  about  one-third of t h e  logged a r e a  s u f f e r s  
d i r e c t  s o i l  d i s tu rbance  i n  t h e  form of e x t r a c t i o n  pa ths ,  secondary hau l  
roads,  sk id  t r a i l s ,  and yard ing  l anes .  These a r e  t h e  a r e a s  most s u b j e c t  
t o  s o i l  e ro s ion .  They a r e  r w e g e t a t e d  more s lowly and by less d e s i r a b l e  
s p e c i e s  than  those  which co lon ize  undis turbed s o i l s .  

Because c u r r e n t  u t i l i z a t i o n  s tandards  a r e  so  h igh ,  a  tremendous amount 
of wood is l o s t  a s  a  r e s u l t  of t h e  way t h e  t r o p i c a l  f o r e s t  resource  is 
exp lo i t ed .  One b e n e f i t  t h a t  should accrue  from technology which enables  
us  t o  u s e  many more spec i e s  is t h a t  t h e  wood which i s  c u r r e n t l y  wasted 
w i l l  be  u t i l i z e d .  This ,  i n  t u r n ,  has  two major imp l i ca t i ons .  F i r s t ,  
wood demands may b e  met from l e s s  a r ea ,  thus  poss ib ly  l eav ing  more l and  
f o r  undis turbed r e se rves .  Second, t h e  number of s i l v i c u l t u r a l  op t ions  
a v a i l a b l e  t o  f o r e s t e r s  w i l l  i nc rease  g r e a t l y ;  t o  be  a b l e  t o  ignore  
f l o r i s t i c s  would be  a  boon t o  t r o p i c a l  s i l v i c u l t u r e .  

I n  s p i t e  of t h e s e  two g r e a t  p o t e n t i a l  b e n e f i t s ,  we must recognize t h a t  
a l l - s p e c i e s  u t i l i z a t i o n  could be a  very damaging t o o l  i f  abused. Its 
adopt ion a s  a  means of s imply ha rves t i ng  every th ing  i n  s i g h t  w i l l  be a  
temptat ion f o r  shor t - s igh ted  e x p l o i t e r s .  Even i f  used wise ly ,  i t s  
adopt ion  is l i k e l y  t o  lead  t o  t h e  demise of  t hose  spec i e s  which a r e  no t  
c u r r e n t l y  used, bu t  which hang on and reproduce i n  logged s tands .  Many 
of t he se  a r e  shade-adapted spec i e s  w i th  l i m i t e d  ranges  and l imi t ed  
capac i ty  f o r  seed d i s p e r s a l .  I f  t h e  cond i t i ons  which enable  them t o  
reproduce a r e  modified through f o r e s t  management, then such s p e c i e s  a r e  
l i k e l y  t o  be e l imina ted  i f  u t i l i z e d .  

Genetic Resources 

I n  t h e  l a s t  few y e a r s  numerous t r o p i c a l  s c i e n t i s t s  (e .g . ,  G6mez-Pompa 
e t  a l .  1972, Richards 1973, s e v e r a l  s e c t i o n s  i n  t h e  volume e d i t e d  by 
Farnworth and Golley 1974, Uhitmore 1975, Myers 1976) have c a l l e d  
a t t e n t i o n  t o  t h e  p o t e n t i a l  l o s s  and/or  degrada t ion  of g e n e t i c  m a t e r i a l  
due t o  d e s t r u c t i o n  of t r o p i c a l  f o r e s t s .  Gene pool degrada t ion  can be 
broken down i n t o  two types .  F i r s t ,  t h e r e  is t h e  "gene t ic  erosion" which 
occurs  when t r e e s  w i th  sound boles  and good form a r e  s e l e c t i v e l y  harvested 
i n  prefe rence  t o  i n d i v i d u a l s  w i th  undes i rab le  c h a r a c t e r i s t i c s  which a r e  
l e f t  t o  provide  t h e  seed f o r  t h e  next  crop.  Second, and perhaps more 
s e r i o u s  a  problem than  t h e  p o t e n t i a l  f o r  gene t i c  e ros ion ,  is t h e  
p o s s i b i l i t y  t h a t  e n t i r e  s p e c i e s ,  many unknown t o  s c i ence ,  can  be l o s t  
f o r eve r  by mismanagement of t h e  f o r e s t  resource.  The m a t e r i a l  s u b j e c t  



t o  l o s s  c o n s i s t s  no t  on ly  of t h e  s p e c i e s  harves ted  ( t h e s e ,  i n  f a c t ,  a r e  
probably t h e  l e a s t  l i k e l y  t o  d i s appea r ) ,  but  t h e  myriad of o the r  s p e c i e s  
found i n  d i v e r s e  t r o p i c a l  f o r e s t s .  

There i s  no doubt t h a t  an i n c r e a s e  i n  our knowledge of t h e  c h a r a c t e r i s t i c s  
of t r o p i c a l  f o r e s t  s p e c i e s  w i l l  l e ad  t o  d i scovery  of p roducts  of b e n e f l t  
t o  people.  For example, Myers (1976), i n  a  r ecen t  commentary on t h e  
p o s s i b l e  l o s s  of t r o p i c a l  spec i e s ,  s a id :  

"Despite t h e  l im i t ed  knowledge about  gene t i c  r e s e r v o i r s ,  it  
seems a s t a t i s t i f a l  c e r t a i n t y  t h a t  t r o p i c a l  f o r e s t s  con ta in  
source  m a t e r i a l s  f o r  many p e s t i c i d e s ,  medicines ,  cont ra -  
c e p t i v e  and a b o r t i f a c i e n t  agents ,  p o t e n t i a l  foods ,  beverages,  
and i n d u s t r i a l  p roducts .  Of p a r t i c u l a r  va lue  f o r  human 
purposes  a r e  t h e  s p e c i a l i z e d  gene t i c  c h a r a c t e r i s t i c s  of 
many l o c a l i z e d  species--yet t he se  a t t r i b u t e s  a r e  a s soc i a t ed  
i n  many i n s t a n c e s  w i th  r e s t r i c t e d  range,  p r e c i s e l y  t h e  
f a c t o r  t h a t  makes them vu lne rab l e  t o  des t ruc t ion . "  

The l o s s  of s p e c i e s  is p o t e n t i a l l y  an unusua l ly  s eve re  problem i n  t r o p i c a l  
f o r e s t s  f o r  two reasons .  F i r s t ,  t h e  t r o p i c a l  f o r e s t s  con ta in  so many 
spec i e s  t h a t  l o s s  of a  t r o p i c a l  f o r e s t  i s  l i k e l y  t o  r e s u l t  i n  t h e  l o s s  of 
more s p e c i e s  than would be t h e  c a s e  i f  an equa l  a r e a  of temperate f o r e s t  
were l o s t .  Second, s p e c i e s  a r e  packed i n t o  t r o p i c a l  environxients and 
t h e  r e sou rces  f o r  p l a n t  growth a r e  so  subdivided t h a t  t h e  f o r e s t s  a r e  
much less uniform i n  space t han  a r e  temperate f o r e s t s .  Thus, removal 
of a  pa tch  of f o r e s t  i s  n o t  only l i k e l y  t o  des t roy  t h e  i n d i v i d u a l s  l i v i n g  
t h e r e ,  bu t  t h a t  combination of s p e c i e s  i s  much l e s s  l i k e l y  t o  reoccur  i n  
space than would be t h e  ca se  i n  temperate f o r e s t s .  

There is no reason  why t h e  a b i l i t y  t o  u se  more s p e c i e s  must n e c e s s a r i l y  
l ead  t o  i nc reased  l o s s  of g e n e t i c  information from t r o p i c a l  f o r e s t s .  
We must, however, recognize  t h a t  t he  p o t e n t i a l  f o r  abuse e x i s t s ,  and t h a t  
t h e  new technology must be  employed wi th  proper sa feguards  t o  prevent  such 
abuse. 

IMPACTS ON ANIMALS 

I n t e n s i v e  u t i l i z a t i o n  of t r o p i c a l  f o r e s t s  is  c e r t a i n  t o  have a  s i g n i f i c a n t  
impact on animal  l i f e ,  y e t  t h i s  important a s p e c t  of t r o p i c a l  f o r e s t  
ecology has  been almost  completely neglec ted .  J u s t  a s  t h e  p o t e n t i a l l y  
u s e f u l  p r o p e r t i e s  of many of t h e  p l a n t s  of t r o p i c a l  f o r e s t s  a r e  unknown, 
it is l i k e l y  t h a t  t h e  an imals  a r e  a  p o t e n t i a l l y  u s e f u l  r e sou rce  a s  we l l .  
They c e r t a i n l y  play important  r o l e s  i n  p o l l i n a t i o n ,  d i s p e r s a l ,  n u t r i e n t  
cyc l ing ,  and checking of p e s t  popula t ions ;  they undoubtedly have a  g r e a t  
untapped p o t e n t i a l  a s  b i o l o g i c a l  c o n t r o l  agen t s ,  food r e sou rces  (domes- 
t i c a t e d  and wi ld ) ,  and r e c r e a t i o n .  In  a d d i t i o n  t o  t h e s e  d i r e c t  b e n e f i t s  
t o  humans t h e r e  i s  t h e  broad moral i s s u e  of t h e  p o s s i b l e  e l imina t ion  of 
e n t i r e  s p e c i e s  through i r r e s p o n s i b l e  human a c t i o n s .  



Habi ta t  Changes 

Loss of h a b i t a t  is c l e a r l y  t h e  g r e a t e s t  t h r e a t  t o  t r o p i c a l  w i l d l i f e  
(Tabor 1968, Kingston 1971, Daugherty 19722, and much more of i t  r e s u l t s  
from a g r i c u l t u r a l  expansion ( f requent ly  s h i f t i n g  c u l t i v a t i o n  followed by 
conversion t o  pas tu re )  than from logging. Many animals ,  i n  f a c t ,  a r e  
t o l e r a n t  of a  c e r t a i n  amount of h a b i t a t  d i s tu rbance ;  some--highly 
spec i a l i zed  mature ecosystem dwellers--however, a r e  completely i n t o l e r a n t  
of any d i s tu rbance ,  while  s t i l l  others-- the "weedy" c o l o n i s t s  of t h e  
animal kingdom--thrive i n  success iona l  vege t a t i on .  Fo re s t  u t i l i z a t i o n  
thus  involves  s h i f t s  i n  s p e c i e s  composition and t h e  l i m i t e d  a v a i l a b l e  
evidence i n d i c a t e s  t h a t  t h e  magnitude of t h e  induced s h i f t s  i s  approxi- 
mately p ropor t i ona l  t o  t h e  degree  t o  which t h e  h a b i t a t  i s  d i s rup ted  through 
u t i l i z a t i o n .  

Arboreal  pr imates  a r e  an important ,  conspicuous group which might be 
g r e a t l y  a f f e c t e d  by i n t e n s i v e  f o r e s t  u t i l i z a t i o n .  Many of t h e  problems 
encountered by a r b o r e a l  pr imates  a f t e r  logging involve d i s r u p t i o n  of 
t h e i r  a e r i a l  pathways. Many spec i e s  w i l l  no t  descend t o  t h e  ground 
except  under emergency s i t u a t i o n s ,  so opening of t h e  f o r e s t  canopy 
excludes them from h a b i t a t  which might o therwise  have a l l  of t h e  
r e sou rces  necessary  f o r  t h e i r  support .  Extensive c l e a r c u t t i n g ,  of course ,  
e l imina t e s  a l l  a r b o r e a l  mammals, bu t  second-growth vege t a t i on  suppor t s  
va r ious  spec i e s ,  a l though d i f f e r e n t  ones than those  c h a r a c t e r i s t i c  of 
mature f o r e s t  (Wilson and Wilson 1975). Some endangered s p e c i e s ,  such 
a s  t h e  orangutan and t h e  probosc is  monkey of Southeast  Asia,  a r e  found 
only i n  undis turbed f o r e s t .  

I n  a d d i t i o n  t o  t h e  a e r i a l  pathways requi red  by a r b o r e a l  p r imates ,  many 
o the r  animals  found i n  t r o p i c a l  f o r e s t s  have s p e c i f i c  requirements  which 
a r e  incompatible  wi th  most i n t e n s i v e  f o r e s t  management. For example, 
h o r n b i l l s  of Southeast  Asia r e q u i r e  l a r g e  "overnature" trees f o r  n e s t i n g  
sites (McClure 1968) and t h e  endangered Puer to  Rican p a r r o t  n e s t s  only 
i n  l a r g e ,  hollow specimens of a  s i n g l e  tree spec i e s  (Wadsworth 1975).  
Other animal  s p e c i e s  are s p e c i a l i z e d  w i t h  regard t o  t h e i r  n e s t i n g  and 
feed ing  h a b i t s ,  and i n t e n s i v e  f o r e s t  management might a f f e c t  them adverse ly .  

Preserves  

There i s  no doubt t h a t  ex t ens ive  a r e a s  of n a t u r a l ,  unmanaged f o r e s t  w i l l  
have t o  be set a s i d e  i f  t h e  r i c h  t r o p i c a l  fauna i s  t o  be preserved.  
Although such p re se rve  maintenance i s  not  normally thought of a s  an  
abso lu t e  requirement of f o r e s t  u t i l i z a t i o n ,  t h e r e  i s  cons iderab le  precedent  
f o r  such involvement in both pub l i c  and p r i v a t e  f o r e s t r y  i n  developed 
temperate zone coun t r i e s .  Such conservat ion a c t i v i t i e s  would seem t o  be 
e s p e c i a l l y  important i n  t h e  case  of m u l t i n a t i o n a l  co rpo ra t i ons  which 
f r equen t ly  use  t h e  developing t r o p i c a l  n a t i o n s  a s  a  raw m a t e r i a l  source ,  
t o  be processed i n t o  f i n a l  p roducts  i n  p l aces  o the r  than  t h e  count ry  of 
o r i g i n .  They should be  prepared t o  m e e t  t h e i r  o b l i g a t i o n  t o  p re se rve  a  
p o r t i o n  of t h e  n a t u r a l  ecosystems which feed them. 



One of t h e  main problems a s s o c i a t e d  wi th  t h e  es tab l i shment  and maintenance 
of such p re se rves  i s  t h e  l a r g e  a r e a s  of land r equ i r ed .  The h a b i t a t  
requirements  of nany t r o p i c a l  b i r d s  and manpnals a r e  q u i t e  l a r g e .  The 
orangutan,  f o r  example, r e q u i r e s  an average of 1 .5  sq .  m i l e s  (3.8 sq .  km) 
of f o r e s t  per i n d i v i d u a l  (Harrison 1968).  Large ca rn ivo re s ,  inc lud ing  
f o r e s t  c a t s ,  and g r a z e r s  and browsers,  such a s  e l ephan t s ,  gaur ,  and 
t a p i r s ,  undoubtedly r e q u i r e  l a r g e  t r a c t s  a l s o .  Furthermore, a g r i c u l t u r e  
and f o r e s t  c l e a r i n g s  a c t  a s  geographic b a r r i e r s  t o  many t r o p i c a l  f o r e s t -  
dwell ing animals ,  s o  t h e  f o r e s t e d  preserves  must, t o  be  e f f e c t i v e ,  
c o n s i s t  of l a r g e ,  unbroken t r a c t s .  The a r e a  r equ i r ed  t o  s u s t a i n  popu- 
l a t i o n  s i z e s  of 5000 i n d i v i d u a l s  (an es t imated  lower l i m i t  of popula t ion  
s i z e  t o  main ta in  most v e r t e b r a t e s )  ranges from about  250 sq .  km t o  
10,000 sq .  km, depending on t h e  spec i e s  involved Q4ed~ay and Wells 1971) .  
To assume t h a t  developing t r o p i c a l  n a t i o n s  w i l l  be w i l l i n g  and a b l e  t o  
set a s i d e ,  p r o t e c t ,  and ma in t a in  such ex t ens ive  r e s e r v e s  without  o u t s i d e  
a s s i s t a n c e  i s  probably u n r e a l i s t h .  

Increased i n t e n s i t y  of f o r e s t  management could r e s u l t  i n  g r e a t e r  produc- 
t i v i t y  from l e s s  l and .  This  coupled w i t h  s o c i a l  consciousness  and a c t i o n  
on t h e  p a r t  of pub l i c  and p r i v a t e  f o r e s t r y  agenc i e s ,  should make p o s s i b l e  
t h e  p re se rva t ion  of adequate  t r a c t s  of n a t u r a l  f o r e s t  i n  most t r o p i c a l  
a r e a s ,  provided t h a t  such s t e p s  a r e  taken i n  t h e  very  near  f u t u r e .  

CONCLUSIONS 

Technological  advances which permit t h e  u t i l i z a t i o n  of a  g r e a t e r  s u i t e  
of s p e c i e s  from t r o p i c a l  f o r e s t s  c o n s t i t u t e  a  powerful t o o l  f o r  r e sou rce  
managers. Most impor tan t ly ,  such advances should g r e a t l y  i nc rease  t h e  
number of e c o l o g i c a l l y  sound op t ions  open t o  s i l v i c u l t u r i s t s  and should 
permit t h e  development of techniques which would no t  have been p o s s i b l e  
prev ious ly ,  when r e l a t i v e l y  few s p e c i e s  could be u t i l i z e d .  Like many 
poten t  t e chno log ica l  advances,  however, t h e  a b i l i t y  t o  u s e  any t r e e  i n  
t h e  f o r e s t  could  r e s u l t  i n  e c o l o g i c a l  d i s a s t e r  i f  abused. It must be 
developed only  a s  a  means of improving our  a b i l i t y  t o  manage t r o p i c a l  
f o r e s t s  a s  a  renewable r e sou rce ,  no t  a s  a  technique which would enable  
e x p l o i t e r s  t o  mine a l l  of t h e  wood from t h e  humid t r o p i c s ,  l e av ing  an 
e c o l o g i c a l l y  devas t a t ed  landscape  i n  t h e i r  wake. 

Poss ib l e  Implementation 

One management p r a c t i c e  which c e r t a i n l y  war ran t s  t e s t i n g  i n  t h e  f i e l d  
would be ha rves t i ng  a l l  s tems of merchantable s i z e  from narrow bands, 
then  fo l lowing  up wi th  (p re fe r ab ly )  n a t u r a l  and/or a r t i f i c i a l  r egene ra t i on .  
Most s e l e c t i v e  logging  schemes l e a v e  more of t h e  f o r e s t  i n t a c t ,  bu t  a  
g r e a t  d e a l  of l o s s  occurs  because of f e l l i n g  and e x t r a c t i o n .  This  is  
even more t r u e  i n  t h e  t r o p i c s  than i n  temperate  f o r e s t s  because of t h e  
l a r g e  s i z e  of t h e  t r e e  crowns and the  presence of l i a n a s .  

I f  harves ted  s t r i p s  were k e p t  ve ry  narrow (say, 100 me te r s ) ,  many of t h e  
p o s s i b l e  d i sadvantages  of f o r e s t  c l e a r c u t t i n g  would be avoided. Animals 
would s t i l l  have a c c e s s  t o  a  l a r g e  f o r e s t  h a b i t a t  ( a l b e i t  pocked wi th  



s t r i p s  i n  d i f f e r e n t  s t a g e s  of regrowth)., r eco lon iza t ion  of p l a n t s  from 
t h e  surrounding f o r e s t  would be  enhanced, impacts on water  y i e l d s  and 
q u a l i t y  would be minimkzed, and s o i l  micro-organrsm popula t ions  would 
probably be qu ick ly  r e e s t a b l i s h e d  a f t e r  logging.  

The major o b j e c t i o n s  t o  ha rves t i ng  i n  narrow s t r i p s  a r e  l i k e l y  t o  be 
economic and engineer ing.  It is  ev iden t ,  however, t h a t  most of t h e  
damage from c u r r e n t  methods of ha rves t i ng  is due t o  improper f e l l i n g ,  
skidding,  and haul ing .  I f  w e  a r e  s e r i o u s  about  managing t r o p i c a l  f o r e s t s  
a s  renewable r e sou rces ,  then cu r r en t  p r a c t i c e s  w i l l  have t o  change anyway, 
and narrow c lear -cu t  s t r i p s  may be a  good p l ace  t o  s t a r t .  

Pos s ib l e  Bene f i t s  

There a r e  many p o s s i b l e  b e n e f i t s  which might be der ived  from an  inc rease  
i n  our  a b i l i t y  t o  u t i l i z e  a  broader range of t r o p i c a l  woods. a  few examples 
a r e  l i s t e d  below. 

1. Wood needs can be m e t  from less l and ,  l e av ing  more land  f o r  t h e  
undis turbed p re se rves  necessary  f o r  t h e  s u r v i v a l  of many p l a n t s  and 
animals.  

2.  It w i l l  permit t h e  maintenance of a  f o r e s t  mosaic, c o n s i s t i n g  of a 
d i v e r s e  mixture  of high-net p roduc t iv i t y  ecosystems. J u s t  a s  within-  
ecosystem d i v e r s i t y  is a  d e s i r a b l e  a t t r i b u t e  i n  many r e s p e c t s ,  among- 
ecosystem d i v e r s i t y  is a  landscape f e a t u r e  which permits  most spec i e s  
t o  su rv ive ,  while  p r o h i b i t i n g  dominance by a  few. 

3 .  The prospec ts  f o r  succes s fu l ly  combining food product ion wi th  f o r e s t r y  
would be enhanced i f  i t  were poss ib l e  t o  more f u l l y  u t i l i z e  t h e  s p e c i e s  
p re sen t .  I f  a l l  s p e c i e s  were harvested,  i t  might be p o s s i b l e  t o  fo l l ow  
up wi th  a  b r i e f  c y c l e  of c r o p  production p r i o r  t o  f o r e s t  regenera t ion .  
Under most c u r r e n t  land use  schemes s h i f t i n g  a g r i c u l t u r e  i s  incompatible  
wi th  f o r e s t r y ,  and incomplete f o r e s t  ha rves t i ng  means t h a t  t h e  land is 
unsu i t ab l e  f o r  any o t h e r  than  t h e  most d e s t r u c t i v e  kinds of short- term 
a g r i c u l t u r a l  use.  There i s  cons iderab le  precedent f o r  such combined 
( a g r i c u l t u r a l  and f o r e s t r y )  land use i n  t h e  t r o p i c s  wi th  t h e  taungya 
r egene ra t i on  scheme, bu t  t h i s  is most o f t e n  used on ly  a s  a  means of 
a r t i f i c i a l l y  r egene ra t i ng  f o r e s t  land and not  a s  a  means of  permanently 
combining food and f i b e r  production. 

4 .  Wastage of wood w i l l  be reduced by permi t t ing  u t i l i z a t i o n  of ma te r i a l  
damaged i n  logging and those  spec i e s  which c u r r e n t l y  a r e  o f t e n  g i r d l e d  
and/or poisoned because they cannot be used. 

5. It w i l l  be pos s ib l e  t o  r egene ra t e  and manage t h e  whole f o r e s t  
ecosystem, inc luding  most of i ts component spec i e s .  Under c u r r e n t  f o r e s t  
management p r a c t i c e s ,  i n  which r e l a t i v e l y  few s p e c i e s  a r e  u t i l i z e d ,  t h e  
f o r e s t  is c o n t i n u a l l y  degraded. Sometimes d e s i r a b l e  spec i e s  decrease  i n  
abundance because they a r e  s e l e c t i v e l y  harves ted .  Other times undes i r ab l e  
spec i e s  decrease  because they  a r e  s e l ec t ed  a g a i n s t  i n  management p r a c t i c e s  



such a s  post-harvest  t imber s tand  improvement. The a b i l i t y  t o  u se  a l l  
s p e c i e s  should make i t  p o s s i b l e  f o r  f o r e s t e r s  t o  p e r p e t u a t e  t h e  e n t i r e  
f o r e s t  complex, without  p r e f e r e n t i a l l y  e l imina t ing  any p a r t i c u l a r  group of 
s p e c i e s  except  t hose  which r e q u i r e  v a s t ,  undis turbed t r a c t s  of mature 
f o r e s t  f o r  t h e i r  s u r v i v a l  and regenera t ion .  

P o t e n t i a l  Problems 

I n  a d d i t i o n  t o  t h e  p o s i t i v e  r e s u l t s  l i k e l y  t o  be  r e a l i z e d  by an i n c r e a s e  
i n  our a b i l i t y  t o  u s e  run-of-the-woods t r o p i c a l  s p e c i e s  mixes,  s w e r a l  
problem a r e a s  should r e c e i v e  a t t e n t i o n  be fo re  such u t i l i z a t i o n  becomes 
widely p rac t i ced .  Many of t h e  p o t e n t i a l  environmental problems were 
d i s cus sed  i n  p e v i o u s  s e c t i o n s  and some of t he se  a r e  repea ted  i n  t h e  
b r i e f  l ist which fol lows.  Th i s  l ist  is n e i t h e r  d e t a i l e d  nor a l l - i n c l u s i v e .  
Rather ,  i t  sugges t s  broad a r e a s  where problems might be  a n t i c i p a t e d  and 
which r e q u i r e  c a r e f u l  cons ide ra t i on  be fo re  t h e  new technology is implemented. 

1. Nutr ien t  d e p l e t i o n  may r e s u l t  i f  l a r g e  amounts of wood a r e  removed. 
So lu t ion  of t h i s  p o s s i b l e  problem may r e q u i r e  s p e c i a l  p r a c t i c e s  such a s  
debarking a t  t h e  s i t e  of f e l l i n g  and perhaps even f o r e s t  f e r t i l i z a t i o n .  

2 .  Some s p e c i e s  may be  l o s t  e n t i r e l y  and t h e  popula t ions  of o t h e r s  n i g h t  
be d r a s t i c a l l y  upse t  i f  increased  u t i l i z a t i o n  i n t e n s i t y  is p r a c t i c e d .  
Populat ion imbalances can e a s i l y  l ead  t o  i n t o l e r a b l e  l e v e l s  of p e s t  
bu i ldups  and impacts  on s p e c i e s  o therwise  thought t o  be  r e l a t i v e l y  
unaf fec ted  by t h e  management p r a c t i c e s .  To main ta in  popula t ions  of a l l  
t r o p i c a l  s p e c i e s  w i l l  r e q u i r e  a  network of l a r g e  t r a c t s  of undis turbed  
ecosystems, and f o r e s t e r s  w i l l  have t o  work c l o s e l y  w i th  c o n s e r v a t i o n i s t s  
i n  e s t a b l i s h i n g  and main ta in ing  these  preserves .  

3 .  Water r e sou rces ,  i nc lud ing  water  y i e l d  and water q u a l i t y ,  a r e  c l o s e l y  
l i nked  t o  land  use ,  and watershed management p r a c t i c e s  a r e  s u r e  t o  have 
an e f f e c t  downstream. There i s  no reason  t o  b e l i e v e  t h a t  f o r e s t  manage- 
ment and maintenance of water  r e sou rces  a r e  incompatible  ( f o r e s t r y  i s ,  
i n  f a c t ,  probably t h e  b e s t  form of land  u s e  from t h e  po in t  of view of 
watershed management), y e t  t h e r e  i s  l i t t l e  precedence f o r  such cons ide ra t i ons  
i n  t h e  t r o p i c s .  The s o l u t i o n s  t o  p o t e n t i a l  water  problems a r e  probably 
c u r r e n t l y  a v a i l a b l e ;  implementation, however, is l ack ing .  

4 .  S o i l  micro-organisms, which play a  c r u c i a l  r o l e  i n  t h e  physical-  
chemical p r o p e r t i e s  of t r o p i c a l  s o i l s ,  a r e  l i k e l y  t o  be a f f e c t e d  by 
i n t e n s i v e  f o r e s t  management. Their  r eco lon iza t ion  r a t e s  and t h e  impact 
of t h e i r  l o s s  a r e  unknown, bu t  they  a r e  c e r t a i n  t o  be important  i n  t h e  
long-term maintenance of f o r e s t  s i te  q u a l i t y .  

5. The q u a l i t y  of t h e  second-growth f o r e s t ,  and i t s  s u i t a b i l i t y  f o r  both 
economic u se  and a s  a  h a b i t a t  capable  of main ta in ing  t h e  d i v e r s i t y  of 
t r o p i c a l  l i f e ,  is an important  unknown. I n  t h e  worse p o s s i b l e  ca se ,  t h e  
regrowth may be  an unusable  t a n g l e  of weedy spec i e s ,  i n  which c a s e  t h e  
increased  u t i l i z a t i o n  c a p a b i l i t i e s  w i l l  have amounted t o  no th ing  more 
than a  has ten ing  of our mining of t h e  t r o p i c a l  f o r e s t s .  .There i s  no hard 



ev idence  t h a t  th is  might b e  t h e  c a s e ,  b u t  it i s  a p o s s i b i l i t y  which 
should h e  cons idered  b e f o r e  i n c r e a s e d  u t i l i z a t i o n  i n t e n s i t y  i s  i n t r o d u c e d  
on t h e  ground. 

Resource of t h e  F u t u r e  

Inc reased  i n t e n s i t y  of t r o p i c a l  f o r e s t  u t i l i z a t i o n  i s  r e a l l y  concerned 
w i t h  two d i f f e r e n t  r e s o u r c e s .  The f i r s t  of t h e s e  is  t h e  e x i s t i n g  mature  
f o r e s t s  and a l l  of t h e  s p e c i e s  found t h e r e .  Many of t h e s e  have high- 
d e n s i t y  wood; t h e y  reproduce  i n  mature  ecosystems and a r e  u n l i k e l y  t o  
r e a p p e a r  o u t s i d e  of f o r e s t  p r e s e r v e s  under any s o r t  of f o r e s t  management 
program. C u r r e n t l y ,  many of t h e s e  s p e c i e s  a r e  unusab le  and a r e  d e s t r o y e d  
d u r i n g  o r  a f t e r  logg ing .  Improved wood u t i l i z a t i o n  technology w i l l  
immediately avo id  much of t h i s  waste .  

The second r e s o u r c e  of concern is  t h e  secondary f o r e s t s  which w i l l  be  
a v a i l a b l e  f o r  u t i l i z a t i o n  a f t e r  t h e  pr imary f o r e s t  h a s  been h a r v e s t e d .  
What w i l l  the n a t u r e  o f  t h i s  r e s o u r c e  be?  Should i t  b e  a  n a t u r a l  s p e c i e s  
mix o r  shou ld  we s t r i v e  f o r  more uniform s t a n d s ,  perhaps  w i t h  t h e  a i d  of 
a r t i f i c i a l  r e g e n e r a t i o n ?  W i l l  i t  be  compat ib le  w i t h  t h e  long-term 
maintenance of t h e  q u a l i t y ?  Is i t ,  i n  f a c t ,  a  h i g h - q u a l i t y  renewable  r e s o u r c e  
which c a n  b e  managed f o r  permanent y i e l d ?  T r o p i c a l  f o r e s t e r s  have long  
deba ted  and s t u d i e d  such  q u e s t i o n s ,  b u t  t h e  u t i l i z a t i o n  technology r e q u i r e d  
t o  p u t  them t o  t h e  t e s t  has  n o t  p r e v i o u s l y  been r e a d i l y  a v a i l a b l e .  Along 
w i t h  t h e  p o t e n t i a l  f o r  i n c r e a s i n g  our a b i l i t y  t o  u t i l i z e  a v a i l a b l e  s p e c i e s  
m i x t u r e s  we should s imul taneous ly  b e  concerned w i t h  t h e  n a t u r e  of t h e  f o r e s t  
r e s o u r c e  t h a t  w i l l  b e  w i t h  u s  i n  t h e  f u t u r e .  
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J a r i  F l o r e s t a l  e ~ ~ r o ~ e c u G r i a  is a p r i v a t e  company ope ra t i ng  on owned 
l ands  i n  Braz i l .  Mixed t r o p i c a l  hardwood f o r e s t s  are being used f o r  - 

l o c a l  consumption then converted t o  p l a n t a t i o n s  of melina CGmelina 
a rbo rea l  o r  p ine  (Pinus ca r ibaea  v a r  . hondurensis)  . S i l v i c u l t u r e  is  
i n t e n s i v e ,  t h e  o b j e c t i v e  be ing  product ion of pulpwood, sawlogs,  and 
veneer b o l t s .  

No s e r i o u s  problems have been encountered t o  da t e .  



SILVICULTURE I N  PLANTATION DEVELOPMENT 

Charles  B. Briscoe 

HISTORY 

J a r i  F l o r e s t a l  e ~ g r o ~ e c u i r i a  is a  Braz i l i an  company, owned by a  
North American sh ipping  f i rm .  A dec i s ion  was made i n  t h e  mid-50s, 
i n  a n t i c i p a t i o n  of a  p ro j ec t ed  world f i b e r  shor tage  i n  t h e  mid-80s, 
t o  e s t a b l i s h  a  l a r g e  f o r e s t  p l an t a t i on  t o  he lp  meet t h a t  need. 

Af t e r  s e v e r a l  yea r s  of obse rva t ion ,  i t  was decided t o  concen t r a t e  on 
melina (Gmelina a rborea  L.) a s  a  f a s t  growing spec i e s  wi th  a  good gene ra l  
purpose wood and a  h i s t o r y  o f  succes s fu l  es tab l i shment  over a  wide 
geographic range. 

An extended sea rch  was made , for  a  l o c a t i o n  wi th  (1) an appa ren t ly  
s t a b l e  government which was i n t e r e s t e d  i n  investment by a  fo re ign  
o rgan iza t ion ,  (2) a  l a r g e  un in te r rup ted  block of l and ,  (3) a  moist o r  
w e t  t r o p i c a l  c l imate ,  and (4)  a  deepwater p o r t .  

The a r e a  f i n a l l y  s e l e c t e d  was approximately 1 m i l l i o n  hec t a r e s  on both 
s i d e s  of t h e  Rio J a r i ,  t h e  l a s t  major t r i b u t a r y  on t h e  n o r t h  s i d e  of 
t h e  Rio Amazonas, l a t i t u d e  0" 50' sou th  and long i tude  53" west.  

Annual r a i n f a l l  is  about 2,500 mm. October and November a r e  normally 
t h e  d r i e s t  months; a  week without  s c a t t e r e d  showers is unusual ,  but  
an i n d i v i d u a l  s t a t i o n  may r e p o r t  more than 30 days without  r a i n  dur ing  
an excep t iona l ly  dry  year .  

A p r i l  and May are t h e  wet tes t .months ,  averaging 23-27 days wi th  r a i n ,  
bu t  r a i n f a l l  exceeds evapo t r ansp i r a t i on  v i r t u a l l y  every week from mid- 
January t o  mid-June. 

Extreme temperatures  vary from 18" t o  35" C.  

E leva t ions  a r e  5-500 m. S o i l s  va ry  tremendously from deep organic  
a long t h e  Amazon through dune sand al luvium t o  very  deep r e s i d u a l  
k a o l i n i t e  c l ays .  Most a r e  l a t o s o l s ,  h igh ly  leached,  d e f i c i e n t  i n  
phosphorus and calcium/magnesium, and wi th  high aluminum and i r o n  
oxides  ( t a b l e  1 ) .  

POLICY 

The o r i g i n a l  po l i cy ,  a s  implied above, was t o  produce wood f i b e r  on a 
commercial b a s i s .  



TABLE 1.--SOIL DATA FOR THE THREE PRINCIPAL SOILS 

IN JARI PLANTATIONS(~) 

DATA TERRA ROXA CARACURO PI.ANALT0 

Organic 
Matter 4.87% 1.44% 5.62% 

P 

K 

Ca 

Mg 

Al 

Clay 

Silt 

Sand 

4.80 ppm 

57.12 " 

1174.00 " 

192.00 " 

0.68 " 

32% 

33% 

36% 

3.40 ppm 

21.00 " 

34.96 " 

11.64 " 

53.38 " 

5 % 

1 % 

95% 

5.04 ppm 

56.38 " 

135.96 " 

37.23 " 

154.08 " 

43% 

33% 

24% 

Each v a l u e  shown i s  t h e  mean of 1 0  samples t aken  i n  t h e  A 
horizon.  



This  was qu ick ly  expanded t o  i nc lude  product ion of commercially 
v i a b l e  f o r e s t  products .  From t h e  beginning t h i s  has  included wood 
from t h e  n a t i v e  f o r e s t  t o  s a t i s f y  our own needs,  c u r r e n t l y  30 spec i e s  
o r  spec i e s  groups f o r  lumber and c r o s s t i e s  (.table 2 ) .  Unior t u n a t e l y ,  
we have v i r t u a l l y  no volumes i n  spec i e s  accepted on t h e  i n t e r n a t i o n a l  
market. W e  have begun a t tempt ing  t o  develop i n t e r n a l  and expor t  
markets f o r  some of t h e  more promising spec i e s  w e  do have, wi th  r e s u l t s  
t h a t  a r e  adequate f o r  t h i s  s t a g e  i n  our  development. 

We have a l s o  harves ted  some n a t i v e  f o r e s t  c rops ,  no tab ly  B r a z i l  nu ts .  

Power genera t ion  f o r  ou r  f i r s t  pu lpmi l l ,  scheduled t o  begin  ope ra t i on  
l a t e r  t h i s  yea r ,  w i l l  be by woodfueled steam tu rb ines .  P r a c t i c a l l y  
a l l  of t h e  n a t i v e  s p e c i e s  can be u t i l i z e d  i n  t h e  b o i l e r s .  

number of o t h e r  p o l i c i e s  more o r  less emerged a s  development 
proceeded. Perhaps t h i s  is t h e  f i r s t  t i m e  they  have been l i s t e d .  
Today' s o b j e c t i v e s  : 

(1) Produce commercially v i a b l e  f o r e s t  products .  

(2)  Comply wi th  t h e  laws of Braz i l .  

(3) U s e  B raz i l i an  personnel ,  m a t e r i a l s ,  and equipment except 
f o r  s p e c i a l i z e d  needs no t  c u r r e n t l y  a v a i l a b l e  w i th in  t h e  
country.  

( 4 )  Keep i n  t h e  f o r e f r o n t  i n  s o c i a l  s e r v i c e s  and r e a l  wages, 
without  u n r e a l i s t i c  l eapf rogging  o u t s i d e  t h e  l o c a l  c u l t u r e .  

(5) Develop personnel ;  don ' t  p i r a t e  them from elsewhere.  

(6) Use l abo r  i n t e n s i v e l y ,  mechanizing only t h e  jobs  f o r  
which l abo r  (a) i s  simply no t  a v a i l a b l e  o r  (b) produc- 
t i v i t y  i s  too  low to  j u s t i f y  a  l i v i n g  wage. 

(7) Do not  unneces sa r i l y  damage o r  des t roy  our  s o i l s  o r  water.  

(8) A s  a  c o r o l l a r y  t o  (7), e s t a b l i s h  bench marks f o r  monitor ing 
environmental change. 

PLANTAT I O N  MANAGEMENT 

S i t e  Se l ec t i on  

I n  s e l e c t i n g  sites f o r  f u t u r e  p l a n t a t i o n s ,  t h e  f i r s t  s t e p  i s  t o  
e l imina t e ,  by a e r i a l  photo i n t e r p r e t a t i o n ,  ve ry  rough and broken 
t e r r a i n ,  marshes, and swamps. A t  p resen t  ve a r e  a l s o  e l imina t ing  
savana and xerophyt ic  f o r e s t  a l though we have r e sea rch  p l o t s  i n  both.  
I n d i c a t i o n s  a r e  t h a t  they a r e ,  i n  f a c t ,  v i r t u a l l y  t h e  same except  f o r  
h i s t o r i c a l  t rea tment ,  and t h a t  both a r e  p o t e n t i a l l y  adequate  si tes wi th  
proper management. 



TABLE 2.--NATIVE SPECIES AM) SPECIES GROUPS USED BY JAR1 

US~GE(~) -- SCIENTIFIC NAME CCIvlvlONNAME 

R - Anacardium gigantewn Engl. Caju agu 

GR Bagassa guianensis Aubl . Tatajuba 

TGR Bertholletia excelsa Ducke Castanha do Para 

TG Carapa guianensis Aubl. Andiroba 

G Caryocar villosum Pers. Piquiz 

F Cedrela odorata L. -- Cedro 

FT Cedrelinga cataneafonnis Ducke Cedrorana 

R Ceiba pentandra Gaertn. Slmahma 

GR Couratari pulchra Sand. Tauar i 

T Hymenaea courbaril L. Jutai 

GR Dinizia excelsa Ducke -- Angelim pedra 

FT Diplotropis porpourea Sucupira 

FT Ewcylophor~ paraens is Hub. Pau amarelo 

G Goupia glabra Aubl. Cupiuba 

F Hymenolobim excelsum Ducke Angelim rajado 

Fr - H. petraeum Ducke 

R * spp. 
Angelim vermelho 

IngZ 

TGR Lecythis paraensis Ducke Sapucaia 

r Manilkara amazonica Chev. Mapara j uba 

M. huberi Stand1 . -- 
Parkia pendula Bth. 

Magaranduba 

Visgueiro 

tT Peltogyne lecointei Ducke Pau roxo 

G Protium spp. Breu 

G Saccoglottis guianensis Aubl. Uchirana 

G S. uchi tub. -- Uchi 

T Simamba amara Aubl. - 

t:ll Synphonia globulifcra L. 

Marupa 

Anani 

R Virola melirloni Ucuuba preta 

T(;K Vocllysia spp. Quaruba 

1: Vouacapou3 une r i crula Aubl . - -- Acapu 

I: = Furniture; T = Interior trim; G = General consthrction 
R = Rough constmction. forms, P = Piling and crossties 



A crew then e n t e r s  an appa ren t ly  usab le  a r e a ;  l a y s  ou t  a g r i d  of 
survey l i n e s ;  makes an e x t e n s i v e  inventory  of n a t i v e  s p e c i e s  Ctable 3) 
and s o i l s  by t e x t u r e  ( f i g .  1 ) ;  and recommends whether t h e  a r e a  s h a l l  
be converted and what s p e c i e s  t o  p l an t .  

Logging crews then remove wood f o r  company needs.  

Land Clear ing  

Af t e r  logging  f o r  our  needs,  t h e  f o r e s t  is  l e f t  f o r  1 t o  3 y e a r s  t o  re- 
e s t a b l i s h  a complete v e g e t a t i v e  cover.  

O r i g i n a l l y  l andc l ea r ing  was then done us ing  heavy machinery. This  had 
t h r e e  major disadvantages:  (1) d i s tu rbance  of t he  a l r eady  skimpy 
t o p s o i l ,  (2) compaction of s o i l ,  and (3)  high  c o s t s .  

Therefore ,  heavy equipment was rep laced  by l a b o r e r s  w i th  axes  and 
chainsaws. This  e l imina ted  t he  f i r s t  two problems and a l l e v i a t e d  
t h e  t h i r d .  Th i s  system cont inues  t o  d a t e .  

S i l v i c u l t u r e  

Species  

Although t h e  o r i g i n a l  dec i s ion  was t o  p l a n t  mel ina,  i t  quick ly  became 
obvious much of our  land  i s  not  s u i t a b l e  f o r  mel ina,  and i n  1973 
Pinus ca r ibaea  v a r .  hondurensis  Barr.  & Golf .  was adopted f o r  sandy 
s o i l s .  A s u b s t a n t i a l  number of  o ther  spec i e s  and v a r i e t i e s  ( t a b l e  4 )  
a r e  under t r i a l ,  bu t  none a r e  ye t  demonstrably s u p e r i o r  t o  melina and 
P. Caribaea.  - 

Seed Procurement 

Pine seed is  purchased. Pas t  purchases have been d i r e c t l y  o r  i n d i r e c t l y  
from C e n t r a l  America; Be l i z ,  PoptGn, and Nicaragua sources  have a l l  done 
w e l l .  Although w e  do produce some v i a b l e  seed ,  our trees (maximum age 
i s  9 yea r s )  do no t  provide app rec i ab l e  q u a n t i t i e s  of seed a s  ye t .  

We r e c e n t l y  began buying seed from s e l e c t e d  trees i n  A u s t r a l i a .  We 
a l s o  j u s t  began es tab l i shment  of our f i r s t  seed orchard .  

I n i t i a l l y  our  melina seed a l l  came from Afr ica .  The d i r e c t  sources  
inc lude  Niger ia ,  S i e r r a  Leon, Malawi, Ivory  Coast ,  Gambia, Zambia, and 
Uganda, bu t  t h e  o r i g i n a l  Asian sources  a r e  a l l  unknown. We have made 
a number of f r u i t l e s s  a t t empt s  t o  ob t a in  seed of s e l e c t e d  Asian 
provenances. 

Cur ren t ly  a l l  melina seed used i s  c o l l e c t e d  from our  own p l a n t a t i o n s .  
About 1% is  from seed orchards ;  t h e  rest i s  from seed product ion a r e a s ,  
rogued of 75-88% of t h e  o r i g i n a l  stems. 



TABLE 3. --SAMPLE IhWEhTORY 

DIANEI'ER Ih' (Tul 

Scientific Name 

Bagassa guianensis 

Cedrela odorata 

Cedrelinga catanaefonnis 

Dinizia excelsa 

Diplotropis porpourea 

Inga spp. 

Peltogyne lecointei 

htium spp. 

Saccoglottis guianensis 

Simaruba amara 

Vochysia spp. 

SUBTOTAL. species 
now utilized 

Others (119 species) 

TOTAL, all species 

OF NATW FOREST, 

All Sizes 
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Figure 1.--Sample soils classification by topsoil texture, Jari. 
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TABLE 4.--SPECIES TRIED OR NOW UNDER TRIAL AT JAR1 

Anacardim gigantewn 

Khocephalus chinensis 

Araucaria angustifolia 

Bertholletia excelsa 

Cinamms zeylanicus 

Coinnarouna magnifica 

Eucalyptus & 
E. deglupta - 

E. grandis - 

E. robusta -- 

E. saligna - 

Onelina arborea -- 
Manilkara huberi 

Parkia gigantocarpa 

Pinus elliotti var. elliotti 

P. elliotti var. densa 

P. insularis - 

P. merkusi -- 

P. patula - 

P. pseudostrobus - 
P. occarpa - 

P. taeda -- 

Schizolobium parahybwn 

Taxodium distichwn 

Tectona grandis 

Vatairea guianesis 

Virola melinoni 

Vouacapoua americana 



Vegeta t ive  propagat ion of melina i s  r e l a t i v e l y  easy ,  and w e  a r e  a l s o  
p l a n t i n g  c u t t i n g s  of  s e l e c t e d  c lones ,  s l i g h t l y  less than 1% of annual  
p l a n t i n g s  . 
Nursery 

One c e n t r a l  nu r se ry  i s  used. 

a .  Pine s e e d l i n g s  a r e  grown about G months i n  a con ta ine r .  U n t i l  
r e c e n t l y  we used a "milk car ton"  of p l a s t i c  coated cardboard 
4 x 4 ~ 1 3  cm which was removed a t  t h e  moment of p l an t ing .  A t  
p r e sen t ,  we a r e  doing commercial t r i a l s  of pea t  wedges, paper 
tubes ,  ba re roo t ,  and p l a s t i c  sacks ;  t h e  l ist  is i n  descending 
order  of c u r r e n t  eva lua t ion .  A l l  can be  used succes s fu l ly .  I n  
a l l  c a se s ,  s eed l ings  a r e  inocula ted  wi th  s o i l  from under hea l thy  
p ines  a t  4-5 weeks a f t e r  germination. Weeding and p e s t  c o n t r o l  
a r e  c a r r i e d  out  a s  necessary.  Complete l i q u i d  f e r t i l i z e r  i s  
app l i ed  t o  a t t a i n  s e e d l i n g s  wi th  diameter a t  t h e  roo t  c o l l a r  
4 mm and wi th  secondary needles .  Height is not  c r i t i c a l ;  a l l  
s eed l ings  a r e  top  pruned t o  17 cm be fo re  ou tp l an t ing .  

b. Melina s eed l ings  a r e  grown i n  beds much l i k e  any temperate zone 
hardwood. The g r e a t e s t  problem i s  simply t h a t  w e  a r e  unable  
t o  grow more than 17-20 seed l ings  A 1 cm diameter  a t  t he  r o o t  

2 c o l l a r  per  m . 
Melina s eed l ings  a r e  taken t o  t h e  f i e l d  and p lan ted  a s  stumps. 
That is, tops  a r e  pruned back t o  40 cm 2-10 days be fo re  l i f t i n g ,  
r o o t s  a r e  undercu t ,  then t h e  topped seed l ing  is taken t o  t h e  
packing shed. 

There,  l a t e r a l  r o o t s  a r e  pruned c l o s e ,  t h e  t e rmina l  r o o t  is 
pruned t o  13 cm, t h e  s t e m  i s  pruned t o  2-4 cm long  ( s t e m  c u t t i n g s  
wi th  minimum diameter  A 2 cm a r e  p lan ted  a s  c u t t i n g s ) ,  t h e  
stumps a r e  put  wi th  moist  sawdust i n  a bu r l ap  sack,  and 
moistened sacks a r e  s t o r e d  i n  t h e  shade. Time from l i f t i n g  
t o  p l an t ing  must n o t  exceed 72 hours;  less than  48 hours  is 
normal. 

P l a n t i n g  

P l an t ing  i s  begun a s  soon a s  t h e  ground is soaked a t  t h e  beginning of 
t h e  r a i n y  season. A l l  p l a n t i n g  is manual a t  p r e s e n t ,  i n  h o l e s  dug wi th  
a l i g h t  mattock. 

Distance between rows i s  c o n t r o l l e d  by a 100 m rope wi th  va r i co lo red  
p l a s t i c  f l agg ing  a t  c o r r e c t  i n t e r v a l s .  

Spacing wi th in  rows i s  paced, wi th  f r equen t  checking by crew foremen. 

Normal spac ing  of p ine  i s  4 m between rows and 2 .25  m between trees 
i n  a row (1,111 t r e e s l h a ]  . 



Normal melina spacing is 3 .5  x 3.5 m (816 t r e e s l h a ) ,  wi th  wider spac ing  
on 35-1002 s lopes  and on poor sites. 

Cleaning  

Competing weeds and b rush  a r e  c o n t r o l l e d  a s  necessary  and poss ib l e .  

(1) Bunch g r a s s  i s  ignored;  i t  appears  t o  have no measurable 
e f f e c t .  

(2) Sod g ra s s  i s  r a r e ;  i t  is c u t  only i f  t h r e a t e n i n g  t o  engulf 
a s eed l ing .  

(3) Forbs a r e  c u t  i f  overtopping a s eed l ing .  

C4) Vines a r e  pu l l ed  i f  pos s ib l e ,  c u t  back i f  no t .  

(5) Woody brush  and young t r e e s  a r e  c u t  back when 1-2 t i m e s  t h e  
he ight  of t h e  s eed l ing .  

On t h e  average about fou r  c l ean ings  a r e  necessary.  Wilere bunch g r a s s  
i s  p lan ted  (most p ine  s i t e s ) ,  only one o r  two c l ean ings  are necessary .  

Sprout Removal 

Melina has a tendency toward mu l t i p l e  s p r o u t s  i n  t h e  e a r l y  years .  L a t e  
i n  t h e  f i r s t  year  a f t e r  p l a n t i n g ,  excess  s p r o u t s  a r e  removed. 

Pruning  

P ine  and melina on t h e  b e s t  sites a r e  pruned t o  i n c r e a s e  product ion of 
c l e a r  wood. F i r s t  pruning i s  t o  3 m c l e a r  l eng th  when top  he igh t  
reaches  6 m. Second pruning i s  t o  5 .5  m when top  he igh t  reaches  11 m. 

Third pruning, s t i l l  exper imenta l ,  i s  t o  8 m when top he igh t  i s  16 m. 

Thinning 

A t  p r e s e n t ,  t h inn ing  i n t e r v a l s  a r e  based on b a s a l  a r ea .  \ hen  d a t a  a r e  
a v a i l a b l e ,  i n t e r v a l s  w i l l  be based on n e t  va lue  of t h e  t imber.  

Second and subsequent t h inn ings  never occur  less than  2 y e a r s  a f t e r  t h e  
preceding one. 

a .  P ine  i s  f i r s t  thinned when C A I  Ccurrent annual  increment) 4 MA1 
(mean annual  increment l .  Two a d d i t i o n a l  t h inn ings  a r e  c a r r i e d  
o u t  when C A I  4 PA1 (pe r iod i c  annual  increment) s i n c e  l a s t  
t h inn ing  . 

b. Where s i t e  index (top he ight  a t  age 101  is  less than 25 m, 
melina is normally managed f o r  pulpwood without  th inn ings .  



mere s i t e  index 25 m,  f i r s t  t h inn ing  i s  when C A I  +& MA1 o r  
when LCR ( l i v e  crown r a t i o ]  6 33%, whichever is e a r l i e r .  The 
two subsequent t h inn ings  a r e  made when C A I  ' PA1 o r  when 
LCR ' 33I ,  whichever is e a r l i e r .  

Clearcu t  

Within t h e  l i m i t a t i o n s  imposed by m i l l  requfrements  and long-term 
product flow, t h e  aim i s  t o  end a  r o t a t i o n ,  whether f o r  f i b e r  o r  s o l i d  
wood, when C A I  MA1 i n  d o l l a r s .  

We a r e  s t i l l  i n  our  f i r s t  r o t a t i o n  on a l l  s i t e s ,  b u t  p r ed i c t ed  c l e a r c u t  
ages  a r e  6  y e a r s  f o r  pulpwood melina,  10 y e a r s  f o r  solid-wood melina,  
and 16 yea r s  f o r  pine.  

Research and Development 

The n e c e s s i t y  f o r  our  own r e sea rch  and development was recognized very  
e a r l y  and they  have grown wi th  t h e  company. Emphasis a t  p r e sen t  i s  
ind i ca t ed  i n  t a b l e  5.  

V i r t u a l l y  a l l  our  r e sea rch  i s  "applied" i n  t h e  f i g u r a t i v e  sense ,  and 
c e r t a i n l y  i n  t h e  l i t e r a l  sense  new information i s  app l i ed  a s  r a p i d l y  a s  
an answer i s  forthcoming. 

We have 12 r e sea rch  p r o f e s s i o n a l s ,  6 of them f o r e i g n e r s  wi th  advanced 
degrees ,  t h e  o the r  6 a r e  B r a z i l i a n s  wi th  bachelor  degree equ iva l en t s .  

P ro t ec t  ion  

We have had enough inc idence  of i n s e c t s ,  d i s e a s e s ,  and f i r e s  t o  keep 
us  wary, bu t  n o t  enough l o s s  t o  cause r e a l  concern a s  y e t .  

Harves te r  a n t s  (Atta  spp.) r e q u i r e  cons tan t  b a t t l e  and a r e  a  cont inuous 
c o s t .  We use  Mirex b a i t  i n  t h e  dry  season and poisonous gas  under 
pressure  dur ing  t h e  w e t  season.  

A number of d e f o l i a t o r s ,  a lmost  a l l  of them l a r v a e  of Lepidoptera ,  
have had l o c a l  ou tbreaks  on t h e  melina,  b u t  n a t u r a l  b i o l o g i c a l  c o n t r o l s  
have funct ioned p e r f e c t l y  w e l l  so  f a r .  Termites have en te red  heartwood 
of a  few melina,  very  few. Lightning k i l l s  a  few clumps of trees each 
yea r ,  bu t  ha s  s e t  no f i r e s .  

Needlebl ight  fungus a t t a c k s  3-4 year  o ld  p ine  n e a r  t h e  end of t h e  r a i n y  
season each yea r ,  bu t  has  subsided dur ing  t h e  d ry  season,  so  f a r .  

Both s p e c i e s  a r e  q u i t e  r e s i s t a n t  t o  f i r e .  1976 was t he  d r i e s t  year  i n  
41 yea r s ,  and 3,500 ha burned over .  However, on ly  12  ha of p ine  were 
k i l l e d  o f f ,  and 850 ha of melina had t o  be coppiced because of damage 
t o  t he  e x i s t i n g  top  o r  bo le .  A l l  f i r e s  a r e  people-caused, overwhelmingly 
by c a r e l e s s n e s s  o r  i n d i f f e r e n c e .  

I n  a  normal yea r ,  less than 100 ha a r e  burned, and less than 10 ha a r e  k i l l e d .  



TABLE 5.-- JAR1 RESEARCH AND DEVELOPMENT EFFORT 

FIELD OF STUDY PERCENT OF EFFORT 

Genetics and Tree Improvement 22 

Mensuration 2 1 

Protect ion 13 

Economics 12 

Regeneration 10 

Si l v i c u l t u r e  10 

Soi I s  10 

Wood Properties 2 



Mult ip le  Cropping 

1. Since  1975, w e  have been sowing bunch g ra s se s  i n  our p ine  p lan ta -  
t i o n s ,  which is  why rows a r e  4 m a p a r t .  A s  soon a s  p o s s i b l e  a f t e r  
p l a n t i n g  t h e  p ine ,  w e  sow g r a s s  seed i n  a double row down t h e  middle,  
1 .5  m from t h e  n e a r e s t  pine.  C a t t l e  a r e  put on t h e  g ra s s ,  a t  
1 s t ee r12  ha,  a f t e r  6-7 months. A t  about 12-15 months, c a t t l e  numbers 
can be  doubled t o  1 s t e e r l h a .  

No graz ing  i s  done i n  melina p l a n t a t i o n s .  

2. Ind ian  corn (Zea - mays L . ]  and manioc (Uanihot u t i l i s s i m a  Pohl . )  
a r e  grown annual ly  i n  new p l an t ings  of e i t h e r  spec i e s ,  bu t  p r i n c i p a l l y  
melina.  Most product ion goes t o  company swine. 

3. Small food p l o t s ,  mostly watermelon, squash, and papaya, a r e  
p lan ted  every year  by i n d i v i d u a l  workers,  but  t h e  gross  a r ea  i s  small 
because new c l e a r i n g s  a r e  remote f r o n  permanent populat ion concent ra t ions .  
No r e n t a l  i s  charged, bu t  w e  a r e  very  r i g i d  about damage t o  t h e  trees. 

ADMINISTRATION 

The managers of Fo re s t  Management and of Harvest ing r e p o r t  t o  t h e  
A s s i s t a n t  D i r ec to r  f o r  Fo re s t ry .  

P l a n t a t i o n  Management 

The t o t a l  p l a n t a t i o n  a r ea  i s  d iv ided  i n t o  20,000 ha b locks ,  wi th  a 
graduate  f o r e s t e r  i n  charge of each. Organizat ion w i t h i n  t h e  block 
is  shown i n  f i g u r e  2. 

A F o r e s t r y  v i l l a g e  i s  being b u i l t  i n  each block t o  house about 750 workers 
wi th  t h e i r  f a m i l i e s ,  about 3,500-4,000 people.  Besides housing, t h e  
v i l l a g e  i nc ludes  a school ,  in f i rmary ,  genera l  s t o r e ,  water system, 
power p l a n t ,  and l i g h t  v e h i c l e  maintenance shop. A doc to r ,  nurses ,  
schoolteachers, and other service personnel, besides those i n  forest 
management and ha rves t i ng ,  l i v e  i n  t h e  v i l l a g e  where they  work. 

Housing i s  provided by t h e  company a t  nominal expense. 

Inf r a s  t r u c  t u r e  

J a r i  i s  about 300 m i l e s  from t h e  n e a r e s t  c i t y ,  ~ e l g m ,  and i s  no t  served 
by roads ,  r a i l r o a d ,  o r  commercial a i r l i n e .  

Obviously, t h e  company must make a v a i l a b l e  v i r t u a l l y  every th ing  except  
n a t i o n a l  defense.  

Problems 

The problems f o r  any such o rgan iza t ion  a r e  most ly  i nhe ren t  i n  t h e  
s i t u a t i o n .  
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1. Government. A s  a l a r g e  Cfor the region]  fo re ign  co rpo ra t i on  with 
an app rec i ab l e  nur4her of fo re ign  employees, we  a r e  conspicuous, 
and t h e  var*ous cu l tures .  occas iona l ly  c l a s h .  However, t h e  over- 
whelming percentage of B r a z i l i a n  o f f i c i a l s  a r e  a c t i v e l y  h e l p f u l  
a s  w e l l  a s  coopera t ive .  Import r e s t r i c t i o n s  a r e  a cons t an t  
hindrance,  But t h e  same r e s t r i c t i o n s  apply t o  a l l  companies 
ope ra t i ng  i n  B r a z i l ,  and they have l o g i c a l  bases .  

Recruitment.  Young, inexperienced personnel  a r e  r e a d i l y  
a v a i l a b l e  without  paying premium s a l a r z e s .  Very competent, 
seasoned people a r e  much harder  t o  f i n d .  However, we l i v e  
where t h e r e  f s  no t r a f f i c ,  a i r  p o l l u t i o n ,  water  p o l l u t i o n ,  
no i se  p o l l u t i o n ,  organized crime, r a c i a l  o r  s e x i s t  oppress ion ,  
TV commercials, sa loons ,  o r  drug pushers.  And t h a t  i s n ' t  a l l  
bad. W e  look f o r  t hose  who l i k e  i t  t h i s  way, and who a r e  
w i l l i n g  t o  g ive  up c e r t a i n  o t h e r  t h ings .  

3 .  ~ e g u l a t i o n / U t i l i z a t i o n .  Technica l ly ,  t he  b a s i c  problem i s  we grow 
a l l  our  own wood and u t i l i z e  a l l  our own ha rves t .  Thus, plan- 
t a t i o n  y i e l d s  and manufacturing f a c i l i t i e s  need t o  match a t  
every s t a g e  of development. The r ami f i ca t i ons  of t h i s  need 
g r e a t l y  exceed the  scope of t h i s  paper and w i l l  no t  be  t r e a t e d  
f u r t h e r  here .  

UTILIZATION 

A 750 TPD bleached k r a f t  pu lp  m i l l  was cons t ruc ted  i n  Japan,  f o r  
i n s t a l l a t i o n  a t  our p o r t  of Munguba. 

Species  c h a r a c t e r i s t i c s  permi t ,  and we have p lans  of vary ing  f i rmness  
f o r ,  manufacturing newsprint ,  veneer ,  plywood, lumber, and coated paper.  

Obviously, a l l  f u t u r e  developments, p a r t i c u l a r l y  t h e  t iming, depend on 
world markets.  
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This  i s  a r epor t  on t h e  p r a c t i c e s  and experience of Nas ip i t  Lumber 
Company, Inc.  (NALco) i n  i t s  d ip t e roca rp  f o r e s t  and i n d u s t r i a l  t r e e  
p l a n t a t i o n s  i n s i d e  an a r e a  covered by a  t imber  l i c e n s e  agreement gran ted  by 
t h e  Ph i l i pp ine  Government. 

During t h e  per iod  from 1946 t o  1955, t h e  ha rves t ing  of  t h e  v i r g i n  t imber  
was on a  diameter  l i m i t  system, l eav ing  a few big-sized t r e e s  uncut.  Some 
of t h e  c l e a r - f e l l e d  a reas  were preserved and through t h e  yea r s  developed 
i n t o  dense and vigorous second-growth d ip t e roca rp  f o r e s t .  These s tands  
a r e  improved by c leaning  and th inning .  The r e s u l t s  a r e  very  encouraging. 

NALCO a l s o  pioneered i n  t h e  p r a c t i c e  of " s e l e c t i v e  logging,"  t h e  
P h i l i p p i n e  ve r s ion  of t h e  s e l e c t i o n  system. I n  t h e  NALCO concession today ,  
t h e r e  a r e  34,000 hec t a re s  of r e s i d u a l  f o r e s t .  S tud ie s  i n  a  19-year-old 
r e s i d u a l  f o r e s t  shows encouraging r e su l t s - - in  regenera t ion  and i n  growth. 

As a complementary move t o  f o r e s t  development and expanding wood u t i l i -  
za t ion  program, s i n c e  1961, NALCO has engaged i n  i n t e n s i v e  t r e e  p l a n t a t i o n  
development. Today, i t s  i n d u s t r i a l  p l a n t a t i o n s  of A lb iz i a  f a l c a t a r i a ,  
Gmelina a rborea ,  Tectona g rand i s ,  Pinus s ~ . ,  Dipterocarp D., 
Eucalyptus D., Ochroma pyramidale, and o the r  spec i e s  a r e  growing very  wel l .  
The paper b r i e f l y  d i scusses  t h e  appl ied  s i l v i c u l t u r a l  p r a c t i c e s  a s  r e l a t e d  
t o  nursery  and p l a n t a t i o n  opera t ions .  



PRACTICES AND EXPERIENCE OF NASIPIT LUMBER COMPANY, I N C .  

I N  ITS NATURAL AND ARTIFICIAL REGENERATION 

OF FORESTS AND PLANTATIONS 

Democrito L. Dagondon 
and 

Fe l ipe  B. Abraham, Jr. 

INTRODUCTION 

Nas ip i t  Lumber Company, Inc.  w a s  organized i n  1946 t o  engage i n  logging 
and wood process ing  i n s i d e  an a rea  covered by a timber l i c e n s e  agreement 
granted by t h e  Ph i l i pp ine  Government. It grew through t h e  yea r s  and 
today NALCO and i t s  a f f i l i a t e s  have an in t eg ra t ed  wood process ing  complex 
of sawmills,  hardboard f a c t o r i e s ,  veneer and plywood p l a n t s ,  wood v a r i e t y  
shops, f i n i s h i n g  p l a n t s ,  d r y  k i l n s ,  wood p re se rva t ion ,  gang n a i l  and 
sawdust b r i q u e t o r  p l a n t s .  

The f o r e s t  concession of NALW and i t s  a f f i l i a t e s ,  as of  January 1, 1977, 
covers a f o r e s t  r e se rve  of 155,000 hec t a re s  cons i s t i ng  of  62,220 hec t a re s  
of operable  v i r g i n  f o r e s t ,  39,866 of logged-over a r e a s ,  8,848 hec t a re s  of 
i n d u s t r i a l  t r e e  p l a n t a t i o n s ,  and 44,125 hec t a re s  of  o the r  v e g e t a t i v e  
covers. The concession i s  loca t ed  i n  t h e  provinces of Agusan, Bukidnon, 
and Misamis O r i e n t a l  i n  t h e  I s l a n d  of  Mindanao, Ph i l i pp ines .  The t e r r a i n  
i s  10  percznt  g e n t l e  t o  moderate, 70 percent  rough, and 20 percent  ve ry  
rough and p rec ip i tous ;  t h e  s o i l  i s  gene ra l ly  deep clay-loam with pH 5  t o  
6.8; and t h e  average annual r a i n f a l l  i s  188 inches.  

This paper i s  a progress  r e p o r t  of NALCO1s p r a c t i c e s  and experience i n  t h e  
s i l v i c u l t u r e  of i t s  indigenous f o r e s t  and i n d u s t r i a l  t r e e  p l a n t a t i o n s .  
The Company has  preserved i t s  cut-over a r e a  and s ince  1956 pioneered i n  
t h e  n a t u r a l  regenera t ion  of  i t s  d ip t e roca rp  f o r e s t  through s e l e c t i v e  logging,  
t h e  P h i l i p p i n e  ve r s ion  of  t h e  s e l e c t i o n  system. The establ ishment  of 
i n d u s t r i a l  t r e e  p l a n t a t i o n s  s t a r t e d  i n  1961, a l though experimental p l an t ings  
were done as e a r l y  as 1958. These p l a n t a t i o n s  have been growing s o  we l l  
t h a t  t h e y  have been a t t r a c t i n g  much a t t e n t i o n .  

The second-growth f o r e s t s ,  r e s i d u a l  f o r e s t s ,  and p l a n t a t i o n s  a r e  ve ry  
encouraging. The s i l v i c u l t u r a l  p r a c t i c e s  a r e  g radua l ly  improved through 
f o r e s t  research .  It w i l l  not be amiss t o  s t a t e  t h a t  NALCO has been 
developing i t s  f o r e s t  and p l a n t a t i o n s  e n t i r e l y  with i t s  own re sources ,  
i n i t i a t i v e  and t e c h n i c a l  knowledge. 



THE V I R G I N  FOREST 

The d ip terocarps  i n  t h e  v i r g i n  f o r e s t  comprise 73 percent  of  t h e  t o t a l  
s tand ,  namely: Shorea almon, Shorea polysperma, Shorea negrosensis  , 
Shorea squamata, Shorea agsaboensis,  Shorea g i sok ,  Shorea guiso ,  
Parashorea p l i c a t a ,  Pentacme contorts, Dipterocarpus g r a c i l i s ,  
Dipterocarpus warburgi i ,  and Dipterocarpus grandi f lorus .  They occupy t h e  
highest  canopy of t h e  forest. Other t r e e  spec ies  assoc ia ted  with t h e  
d ip terocarps  and occupying t h e  lower s t o r i e s  belong t o  t h e  families of 
Meliaceae, Sapindaceae, Anacardiaceae, Euphorbiaceae, Burseraceae, 
Annonaceae, Myris t icaceae,  Lauraceae, e t c .  which comprise about 27 percent  
of t h e  t o t a l  s tand.  The f o r e s t  i s  dominated by mature and overmature t r e e s  
and t h e  younger and smaller-s ized t r e e s  have been under long periods of 
suppression and many of them have poorly developed crowns and t runks .  
The s i z e  c l a s s  and volume d i s t r i b u t i o n  p e r  hec ta re  of d ip t e roca rps  a r e  
a s  follows: 

DBH 

Seedl ings  
Sapl ings  
5-10 cm. 

20 cm. 
30 cm. 
40 cm. 
50 cm. 
60 cm. 
70 cm. 
80 cm. 
9'3 cm. 

100 and l a r g e r  
To ta l  

Trees / 
hec ta re  

Volume / ~ a  . 
(cu.m. ) 

S i l v i c u l t u r a l  P r a c t i c e s  i n  t h e  Virgin Forest  

Diameter Limit Method 

From 1946 t o  1955, t h e  c u t t i n g  of t h e  v i r g i n  timber w a s  by diameter l i m i t  
method wherein a l l  commercial spec ies  50 cm. i n  diameter DBH and l a r g e r  
were cu t  and u t i l i z e d .  There was no t r e e  marking done a t  t h e  time. 

The logging systems used were t r a c t o r  logging and power logging, t h e  
l a t t e r  making use of steam donkeys, tractor-mounted double drum yarders ,  
and sled-mounted torque  conver te r  yarders .  The steam donkeys requi red  
tremendous volume of  fuelwood and smaller-s ized t r e e s  at t h e  a r e a s  of 
operat ions.  Free skidding by t r a c t o r s  and unregulated cable  yarding a l s o  
caused heavy damages t o  t h e  remaining f o r e s t  growth. These systems of 
logging rendered t h e  a r e a  p r a c t i c a l l y  c l e a r  of f o r e s t  growth except a few 
s c a t t e r e d  b i g  de fec t ive  t r e e s  which l a t e r  regenerated t h e  a r e a  dur ing  



seed years .  Proper ly  pro tec ted  from kaingin-making, t h e  logged-over a r e a s  
w i l l ,  through succession,  be regenerated by var ious  spec i e s  belonging t o  
t h e  f ami l i e s  of Moraceae, Ulmaceae, Ur t icaceae ,  Fabaceae, Euphorbiaceae, 
and Dipterocarpaceae. I n  1973, samplings were undertaken i n  t h e  dense 
second-growth d ip t e roca rp  f o r e s t  t h a t  n a t u r a l l y  developed i n  t h e  a r eas  c u t  
over i n  1954, summary of which i s  a s  fo l lows:  

Dipterocarps Plondipt erocarps T o t a l  

Number of young 
second growth 
t r e e s l h a .  (10 
cm. and l a r g e r )  264 t r e e s  453 treesL1 717 t r e e s  

Stand DBH 18.0 cm. 19.0 cm. 18.5 cm. 
Merch. he ight  12.0 m. 15.0 m. 13.5 m. 
To ta l  he ight  16.0 m. 17.0 m. 16.5 m. 
Volume /ha. 83.33 ~3 146.14 M3 229.47 M3 
Current annual 

incrementlha. 4.39 M3 7.69 M3 12.08 cu.  m. /  
ha. /y r .  

The d ip t e roca rp  s tand  i s  almost even-aged. It i s  ev ident  t h a t  under 
favorable  condi t ion  c l e a r c u t  a r e a s  wi th  a number of d ip t e roca rp  seed 
t r e e s  ( 5  t o  1 0  t r e e s l h e c t a r e )  can be n a t u r a l l y  regenerated.  

Timber S t  and Improvement of 
Secondary Fores t s  

Due t o  t h e  very  dense s tocking  and t h i c k  growth o f  brush and v i n e s  i n  
t h e  secondsry f o r e s t s ,  t imber s tand  improvement opera t ions  have been 
going on s i n c e  1973. The i n i t i a l  opera t ion  involves c u t t i n g  of b i g  v i n e s ,  
climbing bamboos, s ap l ings  of unwanted spec i e s ,  and small-sized poor 
q u a l i t y  t r e e s .  Af t e r  t h r e e  months when t h e  v ines  and cl imbers  have dropped 
t o  t h e  ground, t h e  t r e e s  t o  be removed a r e  marked and f e l l i n g  d i r e c t i o n s  
ind ica t ed  on t h e  base  of  t h e  t runks .  A modified low th inn ing  is  appl ied  
wherein t h e  va luable  t r e e  spec i e s  a r e  favored wi th  t h e  removal of unheal thy,  
overtopped t r e e s ,  d i seased  and poorly formed t r e e s ,  weed spec i e s ,  b i g  
c u l l  t r e e s ,  and dominant matchwoods. Vigorous d ip t e roca rps  and o t h e r  
va luable  hardwoods which have good stem and crown development a r e  r e t a i n e d  
as crop t r e e s .  I n  t h e  process ,  50 percent  of  t h e  s tand i s  thinned.  

To f a c i l i t a t e  skidding and t o  minimize damages i n  t h e  c rop  t r e e s ,  pre- 
l ay ing  of farm t r a c t o r  rou te s  t o  t h e  l o g  landings  a t  roads ides  and 
d i r e c t e d  f e l l i n g  with t h e  use  of s m a l l  power chainsaws and improvised 
f e l l i n g  wedges a r e  p rac t i ced .  The products  of t h e  th inn ing  ope ra t ions  a r e  
u t i l i z e d  a s  chipwood f o r  t h e  hardboard f a c t o r i e s  and a s  fuelwood f o r  t h e  
b o i l e r s .  To s tudy t h e  response and behaviour of t h e  remaining s t and ,  TSI 
p l o t s  a r e  e s t a b l i s h e d  i n  t hose  a reas .  The r e s u l t s  show higher  va lues  of  
growth, b e t t e r  b o l e  and crown developments. 

1/ Mostly Endospermum peltatum. - 



S e l e c t i v e  Logging i n  t h e  Virgin Fores t  

S e l e c t i v e  logging has been s t a r t e d  i n  t h e  Company's primary logging 
opera t ions  s i n c e  1956. It i s  a system whereby a l l  mature and overmature 
t r e e s  (80 cm. and l a r g e r ,  inc luding  d e f e c t i v e  t r e e s  of  lower d iameters )  
of d ip t e roca rp  spec ies  a r e  c u t  and removed from t h e  f o r e s t  and a t  t h e  same 
t ime leaving  a s  many uninjured hea l thy  r e s i d u a l s  (20 cm. t o  70 cm. diameter 
groups) of t h e  same spec ies .  A t r e e  marking system i s  done whereby t h e  
t r e e s  t o  be  f e l l e d  a r e  marked by arrows showing t h e  d i r e c t i o n  of  t h e  f a l l  
and by numbers and bands on each t r e e  t o  be r e t a ined  a s  r e s idua l .  U n t i l  
1972, t h e  r e s i d u a l  t r e e  marking w a s  t o  mark and leave  60 percent  of t h e  
t o t a l  number of  hea l thy  r e s i d u a l  t r e e s  of t h e  20 cm. t o  70 cm. diameter  
c l a s s e s  and t o  allow 40 percent  logging c learances  and damages. And i n  
1973, t h e  Bureau of Fores t ry  amended t h e  t r e e  marking r u l e  inc reas ing  
t h e  number of r e s i d u a l  t r e e s .  The r egu la t ion  r equ i re s  t h e  marking of  
70 percent  of t h e  t o t a l  number of  hea l thy  r e s i d u a l  t r e e s  belonging t o  t h e  
20 cm. t o  60 cm. diameter c l a s s e s  p lus  40 percent  of  t h e  t r e e s  i n  
70 cm. diameter group. 

S tudies  on an a r e a  s e l e c t i v e l y  logged i n  1958 show t h e  fol lowing r e s u l t s :  

Per  Hectare 1959 DATA 1972 DATA 
Basis  D i p t e r o c a r ~  Nondipterocarp Dipterocarp Nondipterocarp 

No. of seedl ings  39 3 13  117 202 
No. of seedl ings  28 5 3 3 6 6 6 
Number of t r e e s  

(10 cm. dbh. 
and l a r g e r )  

Volume Volume Volume Volume 
DBH(cm.) 2 (cu.m.) T (cu.m.) T (cu.m.) 2 (cu.m.) - 
10 22 
2 0 22 
30 1 3  
40 7 
50 7 
60 3 
7 0 2 
80 and up 3 - 
Tota l  7  9 

Current annual 
increment (cu .m. ) 

The foregoing f ind ing  shows t h a t  s e l e c t i v e  logging system i s  poss ib l e  and 
can be appl ied  i n  t h e  absence o f  any o the r  b e t t e r  system. 

Timber Stand Improvement 

I n  t h e  absence of  s u i t a b l e  yarding equipment f o r  TSI opera t ions  i n  
moderate t o  rough t e r r a i n s ,  t h e  f o r e s t  improvement is  l i m i t e d  t o  c u t t i n g  of 
v ines  i n t e r f e r r i n g  with reproduct ion and young r e s i d u a l  t r e e s  and of 
small-sized de fec t ive  t r e e s  and weed spec ies .  



SILVICULTURAL PRACTICES I N  THE TREE PLANTATIONS 

Since 1961, NASIPIT and i t s  a f f i l i a t e s  have a l ready e s t ab l i shed  about 
8,848 hec ta re s  of t r e e  p l an ta t ions  in s ide  i t s  f o r e s t  concession, cons i s t ing  
of 5,930 hec ta re s  of Albiz ia  f a l c a t a r i a ;  473 hec ta re s  of ~ m e l i n a  arborea; 

- - 

150 hec ta re s  of Tectona grandis ;  256 hec ta re s  of  Pinus kes iya ,  P. 
mindorensis,  and P. ca r r ibea ;  309 hec ta re s  o f  Eucalyptus deglupta ,  
E. robus ta ,  E. s a i i g n a ,  and E. g rand i s ;  78 hec ta re s  of  Ochroma pyramidale; - 
and 1,752 hec tares  of about 70 other  spec ies .  These p l a n t a t i o n s  a r e  now 
15 years  o l d  and younger. The p l a n t a t i o n  developments a r e  aimed t o  produce 
t imber,  pulpwood, and firewood mainly fo r  t h e  in t eg ra t ed  wood processing 
complex of  t h e  Company. 

Nursery P r a c t i c e s  

The seeds f o r  germination a r e  c o l l e c t e d  from se l ec t ed  mother t r e e s  i n  
t h e  o lde r  t r e e  p l a n t a t i o n s ,  from o t h e r  sources,and from abroad. De l i ca t e  
and f i n e  seeds a r e  germinated i n  t h e  greenhouse. Seedbeds a r e  r a i s e d  
and made of concrete .  The s o i l  i s  s t e r i l i z e d  by steam, and t r e a t e d  with 
fungic ides  and nematocides before  seeds a r e  sown. When t h e  seedl ings  a r e  
a few days o l d ,  t hey  a r e  po t t ed  i n  bamboo tubes ,  2 t o  3 inches i n  diameter 
and 4 inches long. The s o i l  medium i s  50 percent  organic t o p  s o i l  and 
50 percent  sandy loam. Af ter  p o t t i n g ,  t h e  seedl ings  a r e  t r a n s f e r r e d  t o  
r a i s e d  beds i n  t h e  hardening sheds roofed wi th  t r anspa ren t  f i b e r g l a s s .  
The seedl ings  a r e  f e r t i l i z e d  twice a month during watering. F e r t i l i z e d  
fast-growing spec ies  a r e  ready f o r  outp lant ing  i n  2 months' t ime,  while  
slow-growing spec ies  r equ i re  3 t o  6 months. Applicat ion o f  i n s e c t i c i d e s ,  
fungic ides ,  and burning a r e  done a t  t h e  s l i g h t e s t  s ign  of i n s e c t  and 
d isease  incidence. 

P l an ta t ion  P r a c t i c e s  

S i t e  Prepara t ion  and P lan t ing  

The p lan t ing  s i t e s  a r e  ca tegor ized  i n t o  two, namely: ( 1 )  denuded por t ions  
of  newly logged-over a reas  and ( 2 )  unstocked o r  poorly stocked a r e a s  
loca ted  i n s i d e  o l d  logged-over a reas .  Af ter  logging opera t ions  i n  a s e t t i n g ,  
p l an t ing  o f  t h e  des i r ed  spec ies  i s  immediately done i n  l o g  landings ,  
roads ides ,  wide cableways, and f e l l i n g  s i t e s .  Delayed p lan t ing  of  t h e  set-up 
i s  discouraged because of  t h e  r a p i d  growth of  brushes. S i t e  prepara t ion  f o r  
p l an t ing  where n a t u r a l  regenera t ion  f a i l e d  r equ i re s  c l e a r i n g  t h e  a r e a  with 
power chainsaws o r  t r a c t o r s .  U t i l i z a b l e  wood ma te r i a l s  a r e  removed and 
s l a s h  a r e  pushed t o  t h e  s i d e  o r  j u s t  l e f t  on t h e  a rea .  Healthy d ip terocarps  
and o the r  va luable  t r e e s  found t h e r e i n  a r e  r e t a ined  provided they  w i l l  not 
cause s o  much i n t e r f e r e n c e  with p l a n t a t i o n  development. 

P l an t ing  i s  undertaken d a i l y  throughout t h e  year .  Before p l an t ing  t h e  
seedl ing ,  t h e  bamboo po t s  a r e  c a r e f u l l y  s p l i t  and removed. Spacing i n  
p l an t ing  i s  2 m x 3 m f o r  A lb iz i a  f a l c a t a r i a ,  Gmelina arborea ,  Tectona 
g rand i s ,  Pinus and Eucalyptus spec ie s ,  and o the r  spec ies .  The NALCO 
p l a n t a t i o n s  genera l ly  comprise about 70 percent  planted t r e e s  and 
30 percent  n a t u r a l l y  growing f o r e s t  t r e e s .  



Ringweeding 

Ringweeding is  done 3 or  4 months from p lan t ing  and every 4 months t h e r e a f t e r .  
Young p lan ta t fons  of fast-growing species  a r e  f u l l y  e s t a b l k h e d  a t  t he  end 
of t h e  f l r s t  year and slow-growing species  r equ i re  s i x  times of ringweeding 
wi th in  2 years  before they a r e  f u l l y  es tabl i shed.  Thereaf ter ,  only c u t t i n g  
of v ines  and cleaning a r e  done. 

Thinning 

Thinning of p l a n t a t i o n s  of fast-growing species  such a s  Albiz ia  f a l c a t a r i a  
and Gmelina arborea i s  done t d c e  wi th in  the  r o t a t i o n  period of 15 t o  
20 years .  The f i r s t  thinning 2s applied a t  age 3 years .  The average DBH 
and t o t a l  he ight  f o r  3-year-old p lan ta t ions  of Albiz ia  f a l c a t a r i a  a r e  
12 cm. and 15 meters ,  respect ive ly ;  those of Gmelina arborea a r e  14 cm. 
and 14 meters,  respect ive ly .  A t  t h a t  age the re  is a very in t ense  
competition among the  t r e e s  f o r  space and l i g h t .  Crown c l a s s e s  a r e  a l ready 
d is t inguishable .  Dying and suppressed t r e e s ,  poor intermediates  and co- 
dominants a r e  removed. Vines and weed species  a r e  a l s o  cu t .  Only 15 per- 
cent  t o  20 percent of the  t o t a l  s tand is  removed. Marking of trees t o  
be thinned is done w e l l  ahead of the  cu t t ing .  

The second th inn ing  is a l s o  a low thinning and is  usua l ly  done a t  age 
6 years  or  3 years  from t h e  f i r s t  thinning.  A t  t h a t  age, t h e  average DBH 
and t o t a l  he ight  of Albiz ia  f a l c a t a r i a  a r e  21 cm. and 22 meters respect ive ly ;  
those of Gmelina arborea a r e  16 cm. and 20 meters,  respect ive ly .  The 
crown c l a s s e s  a r e  very c l e a r l y  defined.  The opera t ion  involves t h e  
c u t t i n g  of a l l  suppressed and intermediate t r e e s  and some poor co- 
dominants and dominants. About 35 percent  t o  40 percent of t h e  o r i g i n a l  
s tand a r e  thinned and 30 percent t o  40 percent a r e  l e f t  a s  f i n a l  crop t r e e s .  
S tudies  a r e  s t i l l  going on t o  determine t h e  most appropr ia te  thinning 
schedule and i n t e n s i t y .  Marking of t h e  t r e e s  t o  be thinned and prelaying 
of farm t r a c t o r  rou tes  a r e  done ahead of the  f e l l i n g  operat ions.  Directed 
f e l l i n g  with the  use of small-power chainsaws and improvised f e l l i n g  
wedges a r e  employed t o  f a c i l i t a t e  skidding and t o  minimize damages t o  
t h e  f i n a l  s tand.  Fel led t r e e s  a r e  delimbed and cu t  i n t o  mul t ip les  of 
6 meters before  they a r e  skidded o r  winched t o  t h e  skid road. Thinned 
ma te r i a l s  c o n s i s t  of sawlogs and pulpwood. 

The f i r s t  th inning of p l an ta t ion  of slow-growing species  such a s  p ines  
i s  done i n  the  s i x t h  o r  e ighth  year .  About 20 percent  of the  stand is 
thinned cons i s t ing  of suppressed trees, some poor intermediates ,  and co- 
dominants. The schedule of the  second thinning operat ion w i l l  s t i l l  be 
determined. 

Pruning 

Pruning of fast-growing species  is usua l ly  done durfng the  f i r s t  year t o  
the  t h i r d  year .  It is done w3th t h e  use of pruning knives and boloes. 
On the  o the r  hand, pruning of slow-growing species  is done during t h e  
second year t o  the  s i x t h  year.  Pruning is  flushed t o  t h e  stem and t h e  
in ju ry  i s  immediately covered with wood pa in t .  



Harvesting 

Clearcut t ing  method. Some Alb iz i a  f a l c a t a r i a  p l a n t a t i o n s  have a l ready 
a t t a i n e d  harves table  s i z e s .  I n  J u l y  1974, t h e  f i r s t  t r i a l  harves t  by 
c l e a r c u t t i n g  was undertaken i n  an unthinned 13-year-old p l an ta t ion .  
The p l a n t a t i o n  cons is ted  of 70 percent  A. f a l c a t a r i a  and 30 percent  
d ip t e roca rps  and o the r  spec ies .  The y i e l d  per  hec ta re  was 222 cubic 
meters of A. f a l c a t a r i a  cons i s t ing  of 21 peEcent export  q u a l i t y  l o g s ,  
9 percent  sawlog q u a l i t y ,  and 70 percent  pulpwood. 

A t  t h e  time of t h e  ha rves t ,  t h e  t r e e s  were f u l l y  laden  with matured 
seed pods. The p l a n t a t i o n  f l o o r  was l a i d  b a r e  and s c a r i f i e d  by t h e  
skidding opera t ions .  One month a f t e r  ha rves t ,  t h e  c l ea red  a r e a  w a s  
carpeted wi th  A. f a l c a t a r i a  seedl ings .  The accumulated dormant seeds 
i n  t h e  ground and t h e  newly dropped seeds germinated. A sampling of 
t h e  reproduct ion was done 5 months l a t e r  and t h e r e  were 87,000 
seedl ings ,  10 cm. t o  over 1 meter i n  height .  Per iodic  c leanings  and 
th innings  were done and a t  t h e  end of t h e  f i r s t  yea r ,  t h e  regenera t ion  
having been f u l l y  e s t ab l i shed .  Measurement of t h e  s tand i n  May 1976 
shows t h e  fol lowing data:  

Number of remaining t r e e s l h a .  856 t r e e s  
Stand DBH 7.07 cm. 
Stand t o t a l  height  8.0 meters  

Coppice method. I n  1968, an experimental harves t  by c l e a r c u t t i n g  was 
undertaken i n  an 8-year-old Alb iz i a  f a l c a t a r i a  p l a n t a t i o n  t o  gather  
d a t a  on y i e l d  and d a t a  f o r  volume t a b l e  cons t ruc t ion .  Three months 
a f t e r  c u t t i n g ,  numerous sprouts  were noted on t h e  stumps. Immediately, 
t h e  weaker sprouts  were removed and only one o r  two coppices were 
allowed t o  grow. Measurements of  t h e  coppice s tand i n  Apr i l  1977 
show t h e  fol lowing d a t a :  

Number of t r e e s l h a .  
Stand DBH 
Merchantable he ight  
Volume /hect a r e  

440 t r e e s  
21.0 cm. 
18.0 meters 
180.00 cu. m. 

Pes t  and d i sease  cont ro l .  The p l an ta t ions  have not  been exempt from 
t h e  incidence of p e s t s  and d iseases .  The occurrences,  however, a r e  
mostly of r ecen t  years .  It was noted i n  1974 t h a t  young Alb iz i a  
f a l c a t a r i a  p l an ta t ions  ( 3  years  o ld  and younger) i n  some s i t e s  had 
canker. The d i sease  a t tacked t h e  main stem and t h e  branches,  
eventua l ly  r e s u l t i n g  i n  t h e  dea th  of  t h e  t r e e s .  The spread of t h e  
d i sease  i s  being con t ro l l ed  by c u t t i n g  o r  pruning t h e  d iseased  t r e e s  
and burning them. Some of t h e  in fec t ed  t r e e s  were ab le  t o  surv ive  
but  showed re ta rded  growth and development. It was a l s o  noted i n  
1975 t h a t  some young p l a n t a t i o n s  of Gmelina arborea ,  Pawlonia tomentosa, 
and Ochroma pyramidale ( 3  yea r s  o l d  and y o u n z r e  being a t t acked  by 
wood bore r s .  The wood borings a t  t h e  base of t h e  t runk  were caused 
by t h e  l a r v a e  of  a moth. These a r e  being con t ro l l ed  by app l i ca t ion  



of endrin-soaked cotton i n t o  the  holes.  Young planta t ions  of 
Sweitenia machrophylla a re  frequently attacked by t i p  borers and 
Anthocephallus cadamba a re  de fo l i a ted  almost throughout t h e  year by 
larvae  of a  moth. So f a r ,  t h e r e  i s  no p r a c t i c a l  and economical control  
f o r  both kinds of in fes ta t ion .  

RESUME 

The NALCO experience, though s t i l l  a very l imi ted  one, i s  a convincing 
proof t h a t  appl ica t ions  of s u i t a b l e  s i l v i c u l t u r a l  p rac t i ces  i n  t h e  na tu ra l  
f o r e s t s  and i n  t r e e  p lanta t ions  w i l l  produce good stands. With f o r e s t  
research being i n t e n s i f i e d ,  it i s  hoped t h a t  b e t t e r  and r e l i a b l e  da ta  can 
be obtained and made t h e  bas i s  f o r  improved p rac t i ces  and f o r e s t  management. 
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FORESTERS AND THE FAUSTIAN BARGAIN 

BY 

S. D. Richardson 

I. INTRODUCTION 

The dilemma which Mephistopheles presented t o  D r .  Faustus  was one which 
f a c e s  most of us  a t  some t ime o r  other--a choice between poss ib l e  f u t u r e  
r e t u r n s  and immediate gain.  Since f u t u r e  r e t u r n s  a r e  n e c e s s a r i l y  hypo- 
t h e t i c a l ,  t he  judgment of h i s t o r y  upon Faustus  has  always seemed t o  me 
se l f - r i gh t eous ly  harsh .  It is a judgment, however, which h i s t o r y  may 
y e t  come t o  make upon f o r e s t e r s ;  and t h e  purpose of t h i s  note-- i t  i s  no t  
a s c i e n t i f i c  paper--is t o  sound a warning t h a t ,  i n  our c u r r e n t  preoccupa- 
t i o n  wi th  t o t a l  f o r e s t  h a r v e s t i n g  and whole t r e e  u t i l i z a t i o n ,  we may 
a t t r a c t  (and more deservedly  than  t h e  un fo r tuna t e  hedonis t )  a s i m i l a r  
judgment from p o s t e r i t y .  

11. BACKGROUND 

The p a s t  two decades have seen  a d rama t i ca l l y  i nc reas ing  demand f o r  
r e c o n s t i t u t e d  wood products  (pulp and paper ,  f i b r eboa rds ,  and p a r t i c l e -  
boards) throughout t h e  developed world. I n  Japan, f o r  example, between 
1965 and 1974, product ion of woodpulp doubled (from 5 m i l l i o n  tonnes t o  
over 10  m i l l i o n  tonnes) ;  f i b r eboa rd  manufacturing capac i ty  increased  from 
63 m i l l i o n  m2 t o  over  120 m i l l i o n  m2; and p a r t i c l e b o a r d  quadrupled (from 
10 m i l l i o n  m2). I n  Europe f ibreboard product ion r o s e  by 25 percent ,  and 
pa r t i c l eboa rd  product ion by 300 percent  (from l e s s  than  6 m i l l i o n  m3 i n  
1965 t o  n e a r l y  20 m i l l i o n  m3 i n  1974); pulp and paper product ion 
increased  by 50 percent .  For North America, the  r e s p e c t i v e  i n c r e a s e s  
were 25 pe rcen t ,  300 pe rcen t ,  and 120 percent .  During t h i s  decade, t h e  
demand f o r  woodchip products  e s c a l a t e d  i n  a manner unprecedented and 
unpredicted.  Desp i t e  t h e  1974-75 r eces s ion ,  t h e r e  i s  l i t t l e  doubt t h a t  
t he  upward t r end  w i l l  cont inue.  

These i nc reas ing  demands have l e d  t o  impressive developments i n  t h e  
product ion and t r a n s p o r t  of woodchips, and i n  t h e  v a r i e t y  of raw m a t e r i a l s  
accepted by t h e  manufacturing i n d u s t r i e s .  I n  Japan i n  1950, no hardwood 
was used a s  pulpwood; by 1970 the  hardwood:softwood r a t i o  was 60:40; i t  
i s  now 80:20. Nore r e c e n t l y ,  wood ch ips  have been r ep l ac ing  l o g s  a s  t h e  
de l ive red  raw m a t e r i a l ,  t h e  r a t i o  of ch ips : logs  reaching  75:25 by 1971. 
These developments have been accompanied by massive imports  of wood 
ch ips ,  i n i t i a l l y  from t h e  West Coast of North America (200,000 tonnes 
i n  1965 r i s i n g  t o  4,000,000 tonnes i n  1974),  New Zealand (exceeding 
160,000 tonnes i n  1975),  A u s t r a l i a  (1,400,000 tonnes i n  1971, over 
3,000,000 tonnes i n  1973, w i t h  a s  much a s  30,000,000 tonnes p ro j ec t ed  
f o r  19881, and S i b e r i a  (15,000 tonnes i n  1972; 186,000 tonnes i n  1975).  
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Woodchip ha rves t i ng  ope ra t i ons  have now begun i n  B r a z i l ,  Malaysia ,  
Thai land,  Indonesia ,  t he  Ph i l i pp ines ,  and Papua New Guinea, w i th  expor t s  
of rubberwood, mangrove, and mixed t r o p i c a l  hardwood ch ips .  Other 
t r o p i c a l  c o u n t r i e s  a r e  planning s i m i l a r  developments. 

The u t i l i z a t i o n  of  mixed t r o p i c a l  hardwood ch ips  f o r  r e c o n s t i t u t e d  wood 
products  has  a  p a r t i c u l a r  s i g n i f i c a n c e .  T r a d i t i o n a l l y ,  a s  w e  a l l  know, 
high f o r e s t  a r e a s  i n  t r o p i c a l  coun t r i e s  have been exp lo i t ed  f o r  a  very  
l i m i t e d  number of spec i e s ;  i n  many cases ,  less than one s t e m  per  a c r e  is  
harves ted .  Pecause t imber ha rves t i ng  opens up h i t h e r t o  i n a c c e s s i b l e  
a r e a s ,  however, logging is  more o f t e n  than no t  followed by d e s t r u c t i v e  
burning of t h e  f o r e s t  f o r  a g r i c u l t u r a l  s e t t l emen t .  Thus, t h e  ha rves t i ng  
of mixed t r o p i c a l  hardwood s p e c i e s  f o r  t h e  manufacture of r e c o n s t i t u t e d  
wood products  enables  a  massive i nc rease  i n  raw m a t e r i a l  u t i l i z a t i o n  and 
provides  p r o f i t a b l e  o u t l e t s  f o r  h i t h e r t o  unused s p e c i e s  (FOB p r i c e s  f o r  
mixed t r o p i c a l  hardwood c h i p s  from Papua New Guinea exceed US $25 per  
Bone Dry Unit--approximately equ iva l en t  t o  US $23 per  tonne) .  I t  i s  
s c a r c e l y  s u r p r i s i n g  t h a t ,  a f t e r  l i v i n g  wi th  t h e  problems of under- 
u t i l i z e d  s p e c i e s  f o r  so  l ong ,  f o r e s t e r s  should contemplate t h e  prospec t  
of m u l t i s p e c i f i c  chipwood ha rves t i ng  wi th  unmit igated p leasure .  

It i s  not  my d e s i r e  t o  p l ay  t h e  r o l e  of t h e  anc i en t  mariner a t  t h i s  
marr iage between f o r e s t e r  and logger ,  bu t  our excitement must, I t h i n k ,  
be  tempered by awareness of some p o s s i b l e  d e l e t e r i o u s  (even d i s a s t r o u s )  
consequences of un inh ib i t ed  f o r e s t  c l ea rance  i n  some t r o p i c a l  a r e a s .  
Chipwood ha rves t i ng  i n  t h e  temperate zones,  and rubber  p l a n t a t i o n  
c l ea rance ,  p r e sen t  few problems s i n c e  t h e  o b j e c t i v e  of such programs i s  . 
t o  r ep l ace  poor r e sou rces  wi th  h igher -y ie ld ing  s p e c i e s  and v a r i e t i e s .  
S i m i l a r l y ,  where i n  t r o p i c a l  r eg ions  t h e  o b j e c t i v e  of land c l ea rance  i s  
t h e  es tab l i shment  of food crops--and where s i te  s e l e c t i o n  is  based on 
o b j e c t i v e  eco log ica l  appra i sa l - - there  can be no reasonable  oppos i t i on  
t o  ch ip  ha rves t i ng .  It i s  o therwise  i n  t h e  mangrove a r e a s ,  and i n  r a in -  
f o r e s t  where t h e r e  is  no land  hunger. And y e t  i t  is  p r e c i s e l y  t h e s e  
l a t t e r  a r e a s  which a r e  now be ing  sought ou t  f o r  chipping ope ra t i ons .  

The reasons  f o r  t h e  s e l e c t i o n  of t h e  more remote a r e a s  a r e  n o t  hard t o  
f i n d ;  because they a r e  unpopulated (or  only s p a r s e l y  s e t t l e d )  t h e r e  a r e  
few problems of land  tenure  o r  t r a d i t i o n a l  r i g h t s  of u su f ruc t  t o  d e t e r  
t h e  l e g i s l a t o r s  r e spons ib l e  f o r  t h e  a l l o c a t i o n  of concessions,  o r  t o  
i n t e r f e r e  wi th  t h e  o p e r a t i o n s  of t h e  loggers .  There a r e  no envi ronmenta l i s t  
i r r i t a n t s  o r  inconvenient  demands f o r  impact s ta tements .  And, because 
of an ev ident  l a c k  of l o c a l  l abo r ,  t h e r e  is  r e l a t i v e  freedom f o r  t h e  
concess ionna i re  t o  import indentured e x p a t r i a t e s .  (There a r e ,  of course ,  
many d i f f i c u l t i e s  i n  ope ra t i ng  i n  such a r e a s ,  bu t  they a r e  ev iden t ly  out- 
weighed by t h e  advantages; i n  any ca se  they a r e  outside t h e  scope of 
t h i s  no t e . )  

What, now, a r e  t h e  hazards  of  omnispecif ic  woodchip ha rves t i ng?  They 
a r e  p r imar i l y  e c o l o g i c a l  and they s t e m  from our ignorance,  a s  f o r e s t e r s ,  
of t r o p i c a l  f o r e s t  ecology. 



111. THE MANGROVE RESOURCES 

Mangroves have been s e l e c t i v e l y  explo i ted  on a  small  s c a l e  f o r  generations-- 
f o r  b u i l d i n g  po le s ,  fuelwood, charcoa l ,  cu tch ,  e t c .  Most s p e c i e s  
r egene ra t e  r e a d i l y  under t he se  cond i t i ons  and wi th  a  minimum of i n t e r -  
ven t ion  from t h e  f o r e s t e r ;  w h e r e  they do not  do so ,  they can be p lan ted .  
A c h i p  ha rves t i ng  ope ra t i on ,  however, i s  not  s e l e c t i v e ,  even though l i p -  
s e r v i c e  may be paid t o  t h e  concept of s e l e c t i v e  c u t t i n g ;  moreover, i t s  
s c a l e  may be such t h a t  t h e  c l ea red  a r e a s  a r e  w e l l  beyond t h e  b i o l o g i c a l  
capac i ty  of t h e  s p e c i e s  f o r  n a t u r a l  r egene ra t i on ,  and the  r e sou rce  c a p a c i t y  
of f o r e s t  s e r v i c e s  f o r  r ep l an t ing .  The e f f e c t s  of chemical d e f o l i a n t s  
i n  Vietnam a r e  now s u f f i c i e n t l y  we l l  documented t o  demonstrate t h e  
l i m i t e d  r egene ra t i ve  p o t e n t i a l  of mangroves; and t h e r e  a r e  few f o r e s t e r s  
who can l a y  c la im t o  s u f f i c i e n t  f i n a n c i a l  and manpower r e sou rces  t o  be 
a b l e  t o  undertake r e p l a n t i n g  t o  t h e  ex t en t  r equ i r ed  by ch ip  ha rves t i ng  
p r o j e c t s .  Most impor tan t ly ,  our understanding of t h e  e f f e c t s  of mangrove 
c learance  on such f e a t u r e s  a s  c o a s t a l  e ro s ion ,  t h e  mobi l i ty  of sand b a r s ,  
t i d a l  and c u r r e n t  movements, f i s h  breeding,  etc.--as w e l l  a s  t h e  more 
immediately d i s r u p t i v e  e f f e c t s  ( a l b e i t  on a  smaller s c a l e )  on v i l l a g e r s  
whose l i v e s  and l i v e l i h o o d s  may p a r t l y  depend on t h e  mangroves--is 
f r i g h t e n i n g l y  d e f i c i e n t .  We can (and do) p re sc r ibe  t h e  r e t e n t i o n  of 
narrow c o a s t a l  s t r i p s  and c u t t i n g  t o  g i r t h  l i m i t s ,  bu t  even when such 
p r e s c r i p t i o n s  can be e f f e c t i v e l y  po l iced  (an impossible  t a s k  i n  some 
a r e a s ) ,  they are a t  b e s t  hopeful  p a l l i a t i v e s  d e r i v i n g  from experience 
wholly i napp rop r i a t e  t o  modern ch ip  ha rves t i ng  p r a c t i c e s .  The need f o r  
p r a c t i c a l  f i e l d  i n v e s t i g a t i o n s  of t he se  problems, and f o r  t h e  c l o s e  
monitor ing of c u t t i n g  e f f e c t s ,  i s  urgent  and obvious; and I am s u r e  i t  
w i l l  n o t  prove d i f f i c u l t  t o  persuade t h i s  meeting t o  endorse an appeal  
f o r  more ex t ens ive  and immediate research .  The adopt ion of r e s o l u t i o n s  
i n t h e  a i r -condi t ioned  comfort of a  conference h a l l ,  however, is  a  
un ive r se  away from t h e i r  implementation i n  t h e  swamps of t h e  mangrove 
h a b i t a t s .  

I V .  THE RAIN FOREST 

The ca se  f o r  cau t ion  i n  our approach t o  mangrove c learance  i s  a r e l a t i v e l y  
easy one t o  argue. It is  less simple i n  t h e  ca se  of t h e  r a i n  f o r e s t ,  i n  
view of i ts  vas tnes s ,  i t s  r i chnes s  i n  terms of s p e c i e s ,  and t h e  appa ren t ly  
unl imited f e r t i l i t y  i nd i ca t ed  by i t s  luxur ious  vege t a t i on .  Y e t  t h e s e  
f e a t u r e s  a r e  a l l  of them i l l u s o r y .  F i r s t l y ,  t h e  seemingly unl imited 
ex t en t  of t h e  r a i n  f o r e s t  is more than matched by t h e  speed of i t s  
disappearance. What once st re tched  v i r t u a l l y  unbroken over a l l  t h e  
lowlands of t h e  humid t r o p i c s  and remained more o r  less i n t a c t  f o r  over 
60 m i l l i o n  y e a r s  h a s ,  i n  t h e  l a s t  200 yea r s ,  become fragmented and i s  
being reduced a t  a  r a t e  g r e a t l y  i n  excess  of that of e a r l i e r  f o r e s t  removal 
i n  t h e  temperate zones of America, Europe, and Asia .  Through c l ea rance  
f o r  p l a n t a t i o n  c rops  and s h i f t i n g  a g r i c u l t u r e ,  t h e  pace of d e s t r u c t i o n  
over  t h e  l a s t  twenty yea r s  has  been such that, i f  i t  cont inues ,  t h e  
worlds r a i n  f o r e s t s  (and much of t h e  f l o r a  and fauna they suppor t )  w i l l ,  
except  f o r  a  few poor r e l i c s ,  van ish  w i t h i n  t h e  next  h a l f  century.  



S i m i l a r l y ,  t h e  s p e c i e s  r i c h n e s s  of t h e  r a i n  f o r e s t  is  but  a  f r a c t i o n  of 
what i t  once was; because l i n e s  of communication have been cu t  by f rag-  
mentat ion,  t h e  r a i n  f o r e s t  can no longer  p l ay  i t s  t r a d i t i o n a l  r o l e  a s  t h e  
g a l l e r y  and i s s u i n g  house of gene t i c  and evolutionary d i v e r s i t y .  Some 
b i o l o g i s t s  (and, among them, informed sc i en t i s t s - -no t  merely case- 
hardened econuts)  would go s o  f a r  a s  t o  a s s e r t  t h a t ,  through r a i n  f o r e s t  
d e s t r u c t i o n ,  man has  permanently d i v e r t e d  t h e  course  of evo lu t ion .  

F i n a l l y ,  and most impor tan t ly ,  t h e  a l l e g e d  luxur iance  of t h e  r a i n  f o r e s t  
vege t a t i on  i s  a  myth, d e r i v i n g  no doubt from t h e  l a r g e  s i z e  of t h e  trees, 
t h e  s toreyed  s t r u c t u r e  of much of t h e  f o r e s t ,  and t h e  impenetrable  
appearance of i t s  edges when viewed from r i v e r s ,  roads ,  and a i r s t r i p s .  
In  from t h e  edges,  however, t h e  ground f l o r a  i s  o f t e n  s p a r s e  and,  even 
i n  t h e  c l e a r i n g s ,  vege t a t i on  growxh r a t e s  a r e  extremely low. The r a i n  
f o r e s t  is  no teeming cornucopia;  much of i t ,  i n  f a c t ,  i s  of low f e r t i l i t y  
adapted t o  s u r v i v a l  by i t s  alrnost l e a k f r e e  n u t r i e n t  system and r a p i d  
r ecyc l ing .  I n  an undis turbed  s t a t e ,  l o s s e s  from t h e  system a r e  made 
good no t  by t h e  weather ing of  t h e  paren t  rocks  (which occurs  w e l l  below 
t h e  l e v e l  of t h e  c h a r a c t e r i s t i c a l l y  shal low r o o t  systems of t h e  t r e e s ) ,  
bu t  by a d d i t i o n s  i n  r a i n f a l l .  (There a r e ,  of course ,  except ions  t o  t h i s  
genera l iza t ion- - for  i n s t a n c e ,  i n  areas enr iched  by al luvium and vo lcan i c  
ash ;  bu t  t h e r e  a r e  a l s o  l a r g e  podsol ic  a r e a s ,  such a s  t h e  Kerengas of 
Kalimantan, which support  h igh  f o r e s t  bu t  which, on c l e a r i n g ,  cannot 
s u s t a i n  even one ha rves t  of r i c e .  There a r e  l a t e r i t e s  too  which, on 
exposure,  bake hard and can then support  no vege t a t i on ;  and t h e r e  a r e  
abundant s t e e p  sites which when c l ea red  w i l l  simply erode t o  bar renness . )  
The f a c t  t h a t  t h e  most s u c c e s s f u l  a g r i c u l t u r a l  c rops  grown i n  r a i n  f o r e s t  
a r e a s  a r e  those  from which on ly  smal l  q u a n t i t i e s  of n u t r i e n t s  a r e  
removed i n  ha rves t i ng  (e .g . ,  rubber ,  cocoa, oil-palm, e t c . )  i s  no t  
without  s i g n i f i c a n c e .  

A crude index of r a i n  f o r e s t  f e r t i l i t y  i n  some a r e a s  s u b j e c t  t o  s h i f t i n g  
c u l t i v a t i o n  i s  t h e  number of annual  h a r v e s t s  which a r e  taken  be fo re  a  
new "garden" has  t o  be  sought.  For most of t h e  r a i n  f o r e s t ,  3-4 such 
h a r v e s t s  r ep re sen t  an unusua l ly  high number; i n  some s p a r s e l y  populated 
areas--where wood ch ip  o p e r a t i o n s  a r e  be ing  establ ished--a  s i n g l e  
ha rves t  i s  t h e  norm. (There may be,  i n  f a c t ,  a  c a u s a l  r e l a t i o n s h i p  
between poor s o i l  f e r t i l i t y  and low popula t ion  d e n s i t i e s .  S h i f t i n g  
c u l t i v a t o r s  a r e  no t  a s  u n i n t e l l i g e n t  a s  w e  sometimes imagine; a t  l e a s t  
one t r i b e  i n  I r i a n  Jaya ,  f o r  example, u se s  a  h igh ly  s o p h i s t i c a t e d  s i t e  
c l a s s i f i c a t i o n  based on t h e  use of i n d i c a t o r  tree species--an accomplish- 
ment no t  y e t  matched by our  s c i e n t i f i c a l l y  t r a i n e d  a g r i c u l t u r a l  b o t a n i s t s  
o r  f o r e s t e r s .  And it is  a  n o t  unreasonable  hypothes i s  t h a t  a r e a s  i n  
which no one c la ims  r i g h t s  of u su f ruc t  e x i s t  simply because such r i g h t s  
a r e  wor th l e s s  due t o  i n f e r t i l e  s o i l s . )  I n  any even t ,  t h e  l o c a t i o n  of 
wood c h i p  ven tu re s  i n  r a i n  f o r e s t  a r e a s  g ives  cause f o r  concern because-- 
a s  i n  t h e  c a s e  of t h e  mangroves--foresters a r e  woefully ignoran t  of t h e  
p o s s i b l e  a f t e r  e f f e c t s ;  t h e  c r e d i b i l i t y  of our  c la im t o  e c o l o g i c a l  
e x p e r t i s e  is  a l r e a d y  s u f f i c i e n t l y  s t r e t c h e d  f o r  u s  t o  be  extremely 
wary of i ts  f u r t h e r  ex tens ion .  



It w i l l ,  of course ,  be argued t h a t  wood ch ip  ha rves t ing  agreements 
i nva r i ab ly  incorpora te  p rov i s ions  f o r  r e f o r e s t a t i o n .  (The good i n t e n t i o n s  
of such provis ions  a r e  n o t  i n  ques t ion ;  bu t  someone--probably John Bunyan, 
though I am not  certain--wrote that "the road t o  h e l l  i s  paved wi th  good 
in ten t ion ." )  Assuming t h a t  p l an t ing  takes  p l ace ,  r e f o r e s t a t i o n  w i l l  be  
w i th  fast-growing spec i e s ,  u sua l ly  exo t i c s .  How conf ident  can we be,  I 
wonder, of t h e  capac i ty  of t h e  s i t e s  t o  s u s t a i n  h igh  growth r a t e s  beyond 
t h e  f i r s t  s h o r t  r o t a t i o n ?  I f  they can,  t h e  p o s i t i o n  w i l l  be s i m i l a r  
t o  t h a t  i n  non t rop ica l  a r e a s  where an unproductive resource  has  been 
replaced by a  more u s e f u l  one and, i n  my view, t h e r e  can be no argument 
about i ts  d e s i r a b i l i t y .  But without present  knowledge of f e r t i l i t y  
d i s t r i b u t i o n  wi th in  ch ip  ha rves t ing  concessions,  u l t r acau t iousness  su re ly  
r ep re sen t s  a  wiser  yo l i cy  than t h e  Faus t ian  a l t e r n a t i v e .  

What t roub le s  me most is t h e  ope ra t iona l  s c a l e  of chipwood ventures .  The 
problem is  analogous t o  t h a t  of super tankers  (and t h e  new dimension 
assumed by problems of o i l  s p i l l a g e )  o r  nuc lear  f i s s i o n  technology--and 
i t  cannot be answered by our new panacea, cos t -benef i t  a n a l y s i s ,  however 
soph i s t i ca t ed .  Like t h e  choice  which faced Faustus,  our  problem is  
e s s e n t i a l l y  e t h i c a l ,  not  economic; a r e  we j u s t i f i e d  i n  developing a  
technology which may prove dangerous and uncont ro l lab le?  

V .  PROPOSALS 

I n  urging caut ion  i n  approaches t o  m u l t i s p e c i f i c  wood chip  ha rves t ing  i n  
t h e  t r o p i c s  i t  i s  not  enough merely t o  annota te  p o s s i b l e  hazards.  
P o s i t i v e  r e s o l u t i o n s ,  even i f  con t rove r s i a l ,  a r e  needed and I have fou r  t o  
present  t o  t h i s  conference. 

1. That immediate s t e p s  be taken i n  t h e  c o u n t r i e s  concerned 
and by t h e  i n t e r n a t i o n a l  agencies  t o  monitor t h e  
oceanographic,  r i v e r i n e  and b i o l o g i c a l  e f f e c t s  of 
cu r r en t  woodchip opera t ions  i n  mangrove a r e a s ;  and t h a t  
u n t i l  such e f f e c t s  a r e  more c l e a r l y  known, la rge-sca le  
ha rves t ing  of mangroves be r e s i s t e d .  

2. That coun t r i e s  engaged in--or contemplating--omnispecific 
woodchip ha rves t ing  i n  t r o p i c a l  r a i n  f o r e s t  ensure t h a t  
comprehensive s i t e  eva lua t ions  precede t h e  grant ing  of 
f o r e s t  c learance  concessions;  and t h a t  such concessions 
be l imi t ed  t o  a r e a s  where con t inu i ty  of a  product ive  
cover can,  a s  f a r  a s  is humanly p o s s i b l e ,  be guaranteed. 

3.  That i n  gran t ing  woodchip ha rves t ing  concessions,  t he  
l e g i t i m a t e  i n t e r e s t s  of peoples whose l i v e s  o r  l i v e l i -  
hoods may depend upon t h e  continued ex i s t ence  of a  
vege ta t ive  cover be f u l l y  pro tec ted .  



4. That f o r e s t e r s  i n  t r o p i c a l  coun t r i e s  endeavour t o  limit 
woodchip ha rves t ing  concessions t o  ongoing logging 
ope ra t ions  on lands  t h a t  they suspec t  w i l l  be subsequent ly 
converted t o  nonfores t  uses--whether by acc iden t  o r  
design.  

V I  . POSTSCRIPT 

I f  t he  l a s t  of t he  foregoing r e s o l u t i o n s  could be succes s fu l ly  implemented 
on a worldwide b a s i s ,  and t h e  logging r e s idues  from e x i s t i n g  ope ra t ions  
f u l l y  u t i l i z e d ,  t h e  f i r s t  t h r e e  would be unnecessary; t h e r e  would be 
s u f f i c i e n t  woodchips a v a i l a b l e  ( together  w i th  those  from rubber t r e e  and 
coconut palm replacement a r e a s ,  e t c . )  t o  s a t i s f y  world demand now and i n  
t h e  fo re seeab le  f u t u r e .  And a l l  those so-cal led secondary spec i e s  which 
concern u s  so  much would be f u l l y  u t i l i z e d .  It i s  a chastening f a c t  t h a t  
t h e  annual growth of ex t an t  f o r e s t  p l a n t a t i o n s  (based on d a t a  presented 
a t  t h e  World Consul ta t ion  on Man-Made Forests--which a r e ,  admi t ted ly ,  of 
doubt fu l  accuracy) ,  amounts t o  nea r ly  40 percent  of annual  world wobd 
consumption. There is ,  thus ,  no impending world sho r t age  of wood; bu t  
t he re  is  a very  r e a l  danger of a world sho r t age  of n a t u r a l  f o r e s t s .  

To r e t u r n  b r i e f l y  t o  my in t roduc t ion ,  d e s p i t e  t he  hypo the t i ca l  f u t u r e  
r e j e c t e d  by Faus tus ,  h i s  torments ( a s  portrayed by t h e  poe t s ,  d r ama t i s t s ,  
and composers) were, when t h e  day of reckoning a r r i v e d ,  r e a l  enough. The 
choice f o r  f o r e s t e r s ,  s u r e l y ,  i s  not  such a d i f f i c u l t  one. 
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LITTLE-KNOWN WOODS OF THE 

BRAZ ILTAN MlAZON 

P. F. ~ t z g e r  Carvajal  

The f o r e s t s  of t h e  Amazon make up 40 percent of Braz i l .  Amazonia, t h e  
Amazon region ,  covers  3.5 m i l l i o n  square ki lometers ,  and covers  f i v e  
s t a t e s  and t h r e e  t e r r i t o r i e s .  

Three types of f o r e s t  a r e  found i n  the  Amazon: (1) t h e  f o r e s t s  of t h e  
uplands, (2) those  p e r i o d i c a l l y  flooded, and (3) those  continuously 
flooded (see graph 1 )  . 
The upland f o r e s t  covers  80 percent of t he  region. Trees grow t o  60 t o  
65 meters i n  height  and a r e  dense and dark  green i n  co lo r .  Species such 
as t h e  Braz i lnut  (Ber tho l l e t i a  exce lsa)  and Cauchorana (Micranda spruceana) 
are found the re .  

The continuously flooded f o r e s t s  grow t o  20 meters i n  he ight  and a r e  almost 
impenetrable because of low branches and huge r o o t s  above ground. Here 
a r e  found spec ie s  such as t a c h i  (Tachigal ia  x.) and a r a p a r i  (Macrolobium 
acaciaef  olium) . 
The p e r i o d i c a l l y  flooded lands  support f o r e s t s  t h a t  a r e  in te rmedia te  
between the  o the r  two. In  the  lower a r e a s  they a r e  s i m i l a r  t o  t h e  
continuously flooded f o r e s t  and i n  t h e  higher  a reas  s i m i l a r  t o  t h e  upland 
f o r e s t .  

This paper cons iders  only t h e  woods of t h e  continuously flooded a r e a s  
and of t h e  uplands. The chemical a n a l y s i s  of t he  heartwood ce l l  w a l l s  
is  p r a c t i c a l l y  t h e  same f o r  a l l  Amazon woods: 50 percent  c e l l u l o s e ,  
16  t o  30 percent  l i g n i n ,  and t h e  r e s t  hemicel lulose.  The wood charac- 
t e r i s t i c s  vary  from spec ie s  t o  spec ies  because of d i f f e r e n c e s  i n  form, 
dimension, and p o s i t i o n  of t he  anatomic elements and t h e  q u a n t i t i e s  of 
r e s i n s  and o i l s  present .  The woods of more than 300 genera thus  range 
from t h e  very l i g h t  (200 kg/m3) balsawood (Ochroma pyranidale)  t o  t h e  
very heavy (1300 kg/m3) saintwood (Zol le rn ia  pa raens i s ) .  Di f ferences  
i n  co lo r ,  t e x t u r e ,  g r a i n ,  t a s t e ,  and odor a r e  found between spec ie s  and 
a l s o  wi th in  spec ie s  according t o  geographical regions.  

More than 200 Amazon woods have been s tudied  i n  United S t a t e s ,  B r i t i s h ,  
and Braz i l i an  l a b o r a t o r i e s  (4) wi th  many published r e s u l t s .  Among t h e  
works involved a r e  SUDAM ( I ) ,  INPA C3), IPT (5) ,and IBDF-PRODEPEF (8).  
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Despite  i t s  l a r g e  s i z e  t h e  Arnazon bas in  i s  t h e  source of on ly  11 percent  
of B r a z i l ' s  wood production. I n  1973 t h e r e  were 287 sawmills i n  t h e  
reg ion ,  70 percent  of them i n  the  lower Amazon. A t  p r e sen t  the number 
has increased t o  about 480, with 70 i n  t h e  Manaus reg ion ,  340 i n  t h e  
lower Amazon, and 70 o t h e r s  i n  t h e  r e s t  of t h e  reg ion .  The wood most used 
i s  v i r o l a  o r  ucuuba (Virola w.) making up 38 percent  of t o t a l  pro- 
duc t ion  (8,9,10). Other s p e c i e s  inc lude  mahogany (Swietenia macrophylla),  
8.7 percent ;  crabwood (Carapa guianens is ) ,  6.5 percent ;  louro  (Ocotea 
cymbarum), 6.4 percent ;  and cedar (Cedrela odora t a ) ,  4.6 percent .  No 
o t h e r  spec i e s  makes up a s  much a s  2 percent  of t h e  production. 

About 46 percent  of t h e  production is exported. (Eight spec i e s ,  c h i e f l y  
v i r o l a ,  crabwood, and mahogany, make up 90 percent  of t h e  expor ts . )  
Another 9 percent  is t r anspor t ed  t o  o t h e r  reg ions  i n  B r a z i l ,  and t h e  
remaining 45 percent  is consumed wi th in  t h e  Amazon region.  I n  t h e  l o c a l  
market 58 percent  of t h e  use i s  confined t o  v i r o l a ,  crabwood, mahogany, 
l ou ro ,  and cedar .  Another 25 spec ies  each y i e ld  10,000 cubic  meters  o r  
more per  year .  I n  t o t a l  some 166 spec i e s  a r e  sawn commercially a t  p re sen t .  

Because of t h e  l a r g e  s i z e  of t h e  Amazon no complete f o r e s t  inventory has 
been made. Est imates  a r e  being made by t h e  use  of s a t e l l i t e s  (RADAM 
p r o j e c t ) .  Regional i nven to r i e s  have been made i n  r ecen t  yea r s  showing 
v a r i a t i o n s  wi th  s o i l s ,  f o r e s t  types,  and water l e v e l s .  Resu l t s  obtained 
by SUDAN appear i n  t a b l e  1. 

Local v a r i a t i o n s  r e q u i r e  t imber ope ra to r s  t o  make t h e i r  own inventor ies .  
Thus when lianasa Madeireira  Nacional S.A. c rea ted  a subs id i a ry ,  Planasa da  
Amazonia S.A., t o  develop i t s  465,000 hec t a re s  of f o r e s t ,  t h e  l a t t e r  under- 
took an inventory of 56,979 hec t a re s  i n  prepara t ion  f o r  a f u l l y  mechanized 
opera t ion .  Elsewhere t h e  company is r e f o r e s t i n g  wi th  Braz i lnu t  (graph No. 2) .  

The most s i g n i f i c a n t  f i nd ing  from t h i s  inventory was t h e  volume of usable  
t imber ,  averaging 199 t r e e s  of 45 cm o r  more i n  diameter per  hec tare .  
Considering only  t h e  uplands where e x t r a c t i o n  i s  r e l a t i v e l y  easy ,  t h e  
24,290 ha con ta in  about 5,465,000 m3. Considering t h e  r e s t  of t h e  t r a c t  
a s  w e l l ,  t h e  t o t a l  volume may approach 12 m i l l i o n  m3. On t h e  a r e a  
inventor ied  a t o t a l  of 438 t r e e  spec i e s  was found ( t a b l e  2 ) ,  of which 
47 a r e  commercial. The o t h e r  391 a r e  excluded mostly because of s i z e  o r  
l a c k  of information a s  t o  t h e i r  u t i l i t y .  There were 38 commercial spec i e s  
w i th  volumes of 10,000 m3 o r  more i n  t h e  a r e a  ( t a b l e  3 ) ,  w i th  a p o t e n t i a l  
combined y i e l d  of 5,049,000 m3 f o r  t h e  e n t i r e  56,979 hec t a re s .  

Table 4 inc ludes  s p e c i e s  we l l  known i n t e r n a t i o n a l l y ,  some t h a t  a r e  known 
only l o c a l l y ,  and some l i t t l e  known a t  a l l .  Some of t h e  l a s t  group wi th  
h igh  wood d e n s i t i e s  a r e :  
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Table 1.--Average d e n s i t y  of wood of 63 s p e c i e s  i n  m3/ha 

Comerc  i a l  name 

Ablorana ( s )  
Acayu 
Acapurana 
Axixa (s)  
A X U ~  

Acoi ta  Cavalo 
funs p i  
Anoni 
Andiroba 
Angelim do Mato 
Angelim Pedra 
Angel i m  Ra j ado 
Acar lquara  
Aracanga 
Aroe i r a  
Breu ( s )  
Breu Sucuruba 
c a r a l p 6  
Cas t a n h e i r a  
Cedro 
Coataquicava 
Copaiba 
Cuiarana 
Cumaru 
Cuyiuba 
Envira spp. 
Favei ra  ( s )  

~ r e i j 6  
Gombeirn 
l n g i  ( s )  
1mba6ba e inibaubarana 
1tn;ba 
Ja rana  
Piqu i a r ana  
Quaruba ( s )  
Mandioqueira 
Quarebarana 
Qulnerana 
Rosad inlm 

Spec ie s  

S c i e n t i f i c  name 
.------------------------------------- 

Pou ta r i a  a. 
Vouacapoua Americana 
Cass ia  a d i a n t i f o l i a  
S t e r c u l i a  w. 

- 

ttis g u i a n e n s i s  
Puehea spec iosa  
Parahaucarula  Amapi 
Synphonia G l o b u l i f e r a  
Carapa g u i a n e n s i s  
Iiymenolobium excelsum 
Din iz i a  e x c e l s a  -- 
Biphecolobium racemosum 
Minquartia gn ianens i s  
Aspidosperma album 
Astroniun L e c o i n t e l  
Protium E. 
T r a t t i n i c k i a  r h o i f o l i a  
L ican ia  incana -- 
B e r t h o l l e t i a  e x c e l s i a  
Cedre la  odora t a  -- 
Pelegyne l e c o i n t e l  
Copai fera  m. 
Buchanavia huber i 
Coumarouna d o r a t a  
Coupia Glabra  
Xylopia,  G u a t t e r i a  5 Duquetia a. 
Piptadenia  a. V a t a i r e a  a. 
Enterolobium E. Park ia  6-er. 
Cortda goeldlana  
Swar t e n i a  =. 
Ingar a l b i ,  a. 
Cecropia w. Pourouma 
Hezi laurus  i t a u b a  --- 
Escl iue l lera  J a rana  
Caryocar microcarpum 5. fabrum 
Vochysia w. gua lea  spp. 
Qualea a n b i f l o r a  
Cr i s h a  uncinatum 
Gorasespermum sericceum 
Micsophalls p i a n e n s i s  

Areas  

A B C D(*) Average 
.------------------------------------ 

(Page 1 of 2)  



Table 1. --Average densi ty of wood of 63 epeciee in m3/hs--continued 

Species Areae 

Comercial  name Sc i en t i f i c  name A B C D(*) Average ................................................................................................. 
Sapuca i a  
Sorva (s) 
Sucupira 
Taxi (s)  
Tauar i 
Tauar i--coco 
Taucrr i 
Tento ( s )  
Ucuuba (s) 
Ucubnrama 
Par inar i 
Jutaf--Acu ou Jaraba 
Louro ( s )  

bhcacauba 
Macaranduba 
Homerana ou Cast. de Paca 
Xaparejuba 
b r u p i  
Mu ircrpixuna 
norotot6 
lbtci-Mati (8) 
nu tu t i  
~ a r i p a r i  
Pau-d 'Arco 

Lecythis u s i t a t a  
Couma m. 
Bodichia n i t i da  
Daclligali+ eye. ~c le ro lobium a. 
Couratar? a. 
Cariniana microntha 
Couratari g ~ .  
Ormosia m. 
Virola -. sem 1. surinllmensie 
Irvanthera a. 
Parinarium 
llymenaea courbar il 

a- 
P l a t y m i s c i ~  t r i n i t a t i s  
Manilkara huberi 

Cassia scleroxylon 
Didpopanax mor~to ton!~  
Eschweilwea -. 
Pterocarpus eil 
.lacarand; copair 
Tabibula s e r r a t i f o l i a ,  tabibula 

a. 
Pau Amarelo Euxilophora paraensis 
Pau ~ a c a r i  Laeria procera 
P iqui i  Coryocarvillorum 

Ref.: MINISTRY OF AGRICULTURE. Bullet in No. 611963. 

ARIAS: A = h a p &  (~mapa r l  Florest  - 50000 b) 
B = Elanaus (Ducke Florest  Reserve) 
C - Benjamin Constant, MI, 20000 ha 
D = hmazonic Valley, 19095000 ha 

(*) - Number of species  ( t r e e s )  per hectare. 

AVERACE VALUES PER AREAS: (m3/ha) 

A - 1.9 
B = 1.3 
C = 2.1 
D - 2.5 
TOTAL AVERAGE = 1.9 m3/ha 

(Page 2 of 2) 



Table  2.--Species found i n  t h e  a r e a  o f  lknaea .  AltopurGs, Amaz8nae 

Higher l a n d s  ............................................................ 
Abiurana 
Abiurana branca ou 
h a p a '  doce 
Acapurana 
Amarelinho 
Acariuba 
Anani 
And i roba  
Almf ou Pata  Pau ou 
Gamele I r a  
Arags 
Arags d e  a n t a  
Arapar i 
Araracanga 
Aroei ra  
Ata brava 
Abiurana c u t i t e  
Aquariquara roxa  
Abiurana 01110 d e  veado 
Angelim da  mata 
Aqacu 
Abiurana roxa  
Aqacurana 

Breu a lmescia  
Bacur i 
~ i r i b g  bravo ou Ata 
Breu 
Breu nanga 

Castanha vermelha 
Cedro vermelho 
Castanha d e  macaco ou 
Macacar i c u i a  
Cumarurana 
Cacaurana 
C a p i t i o  
Carapanaiba 
c a r  ip; 
Car iperana  ou 
Sernambf d e  fndio  
Castanha j a r a n a  
Corasao d e  negro  
Copafba 
Cumaru 
Cajuf 
Cedro 
C inze i ro  
Caroba 
Cauchorana 
Casca doce 
Castanharana 

Envira f o f a  
Envira p r 6 t a  
Envira amarela 
Envira branca 
Envira yente  de  macaco 
Envira amargosa 

Pou te r i a  3. 

Pou te r i a  %. 
Campsiandra l a u r i f o l i a  
Pogonophora a c h o ~ b u r g k i a n a  
Minquart i a  g u i a n e n s i s  
S inphonia g l o b u l i f  e r a  
Carapa g u i a n e n s i s  

Cludia x. 
Eugenia z. 
Del luc i a  i m p e r i a l i s  
Macrolobium acac i ae fo l ium 
Aspidosperma desmantllum 
L i th raea  b r a s i l i e n s i s  
Anona esquamosa 
Lucuma r i v i q u a  Gaer t h  
Minquar t ia  gu ianens i s  
Chrysophyllum anomalum Pi1 
Pa rk i a  pec t i n a t a  
Hura c r e p i t a n s  - 
Pouter i a  9. 
E r y t r i n a  g l a u c a  

Protium t r i f o l i o l a t u m  
Moronobea pu lc  hra  h c k e  

Eschwei lera  =. 
Cedrela  odora t a  -- 
Cariniana  micrantha  Ducke 
Dipteryx po lyphy l l a  
Theobroma s y l v e s t r e  

Licania  micrantha  
llolopynidium l a t i f o l i u m  
Swar tz ia  c o r r u g a t a  
Copaifera  =. 
Dipteryx odora t a  
Anacardium spruceanum 
Cedrela f i s s i l i s  
Terminal ia  tanibouca  
Jacaranda copa ia  
:4ic r an tha  spruceana 
Pradosia  i nophy l l a  
Eschweilera 3. -- 
Xylopia x. 
Unonopsis sp.  
Xylopia amazonica 
Duroia s a c c i f e r a  
C u a t t e r i a  ouregou 
Pseudoxandra c o r i a c e a  

Sapotaceae 

Sapotaceae  
Leguminosae 
Euphorbiaceae 
Olacaceae 
C u t t i f e r a e  
Me1 i a c e a e  

G u t t i f e r a e  
Myr t aceae  
Melastomaceae 
Leguminosae 
Apocynaceae 
Anacardiaceae 
Anonaceae 
Sapotaceae  
Olacaceae 
Sapotaceae  
Leguminosae 
Euphorbiaceae 
Sapotaceae  
Leguminosae 

Burseraceae  
G u t t i f e r a e  
Anonac e a e  
Burseraceae  
Burseraceae  

Lecy th idaceae  
Meliaceae 

Lecythidaceae  
Leguminosae 
S t e r c u l i a c e a e  
Monimiaceae 
Apocynaceae 
Chrysobalanaceae 

Chrysobalanaceae 
Lecythidaceae  
Apocynaceae 
Lecythidaceae  
Leguminosae 
Anacard i aceae  
Meliaceae 
Euphorbiaceae 
Bignoniaceae 
Euphorbiaceae 
Sapotaceae  
Lecyt h idaceae  

Anonaceae 
Anonaceae 
Anonaceae 
Anonacere 
Anonaceae 
Anonaceae 

(Page 1 of 6 )  



Table 2.--Species found i n  the area of Manasa, ~ l t o ~ u r G s ,  Amazgnas--continued 

Higher lands ............................................................................... 

Faveira 
Faveira camus6 
F r e i j 6  branco 

Gameleira 
~ i t 6  ou Ja ta iba  
Guaruba branca 
Cenipapo 
Genipaporana 
Goiabinha 
Citorana 
Guariuba 
Crgo de galo 

Inharc 
Imbaubarana 
Ingarana 
1ngi ou 1ng6 baio 
Itaubarana ou Saboarana 
Ingi  vermelho 
1mbaCba 
Ipe amarelo 
ImbaCba da mata ou 
Lixa braba 

J O ~ O  mole 
Jutaf  ou  ato obi 
Jurema 
Janaguba 

Louro abacate 
Louro gamela 
Louro cedro 
Louro prs to  
Louro branco 
Louro f e r r o  
Louro amarelo 
Louro pimenta 
Louro a r i t u  
Louro inamui ou 
Pau gasolina 
Lacre 
Lontr inha ou Sapateiro 
LeiEeira ou Amaph 
Limaozinho 

Massaranduba 
Macucu de paca 
Matamatl 
Marure 
Maru p; 
Muirat inga 
~ u i r a ~ i b 6 i a  
Platamat5 rosa 
Munguba 
~amaoz inho 
Macacauba 
Maruparana 
Eluiragib6ia amarela 
Mer i rana 
Munguba 
Mutamba s e t e b i l e  
Macucu 

Parkia multijuga 
Vatairea 3. 
Cordia goeldiana 

Leguminosae 
Leguminosae 
Borraginaceae 

Ficus d o l i a r i a  Moraceae 
Guarea car ina ta  Ducke Maliaceae 
Vochysia melinonii Vochysiaceae 
Genipa americana Rubiaceae 
Japarandiba augusta Lecythidaceae 
Galycolpus glaber  Myrtaceae 
Guarea t r  i c h i l i o i d e s  Meliaceae 
Cla r i s ia  racemosa Moraceae 
Cordia excelsa -- Borraginaceae 

Maquira sclerophylla  
Pourona ovata -- 
Pithecolobium c f .  l a t i fo l ium 
Inga spp. 
Casearia s i l v e s t r e  
Pithecolobium 9. 
Cecropia 3. 
Tabebuia ondulata 

Cecropia juraniana 

Neea appos i t i fo l ia  
Hymenae courbar i l  
Pityrocarpa pteroclada 
Micrant ha siphonioides 

Ocotea parvif lo ra  
Nectandra rubra 

Ocotea neesiana -- 
Ocotea 3. 

Aniba 9. - .- 
Ocotea cana l icu la ta  
Licaria  a r i t u  -- 

Oca tea cymbarum 
Vismia guianensis 
Eliconia x. 
Brosimum potabi le  
Siparuna b r a s i l i e n s i s  

Elanilkara huberi 
Aldina heterophylla 
Eschweilera 3. 
Brosinum parinarioides 
Simaruba 
Olned ia  m x  ima -- 
Swartzia recurva Poepp 
Schweilera 9. 
Pseudobombax munguba 
Guarea df .  t r i c h i l i o i d e s  
Platymiscium t r i n i t a t i s  

Swartzia 2. 
Couepia subcordata 
Bombax w. 
Guazuma ulmifol ia  
Macoubea guianensis 

Moraceae 
Moraceae 
Leguminosae 
Leguminosae 
Combretaceae 
Leguminosae 
Eloraceae 
Bignonaceae 

Yoraceae 

Vochysiaceae 
Leguminosae 
Leguminosae 
Euphorbiaceae 

Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 
Lauraceae 

Laurac eae 
Guttif erae 
Melastomaceae 
Moraceae 
Leguminosae 

Sapotaceae 
Leguminosae 
Lecythidaceae 
Moraceae 
Sirnarubaceae 
Moracea 
Leguminosae 
Lecy thidaceae 
Bombaceae 
Ye1 iaceae 
Leguminosae 

Leguminosae 
Chrysobalanaceae 
Bombaceae 
Stercul iaceae 
Apocynaceae 
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Table 2.--Species found i n  the area of Manasa, AltopurGs, Amaz6nas--continued 

IIigher lands 
.--------------------------- 

Platamat: branco 
Yuiraiiba 
Muirapiranga 
MacacaCba da vzrzea 
Mar imar i 
Maparaj uba 

Eschweilera grata 
Mouriria p laschaer t i  

Lecythidaceae 
Melastomataceae 
Leguminosae 
Leguminosae 
Lecythidaceae 
Sapotaceae 

Eperua sc homburgkiana 
Platymisciurn t r i n i t a t i s  
Cassia grandis 
Manilkara amazonica 

Pau mulato 
Pau rainha 
Pracuuba 
Pau pombo ou 
Breu de tucano 
Piranheira 
Piquiarana 
~ a j u r i  
Papa t e r r a  ou ~ r a c i  de anta  
Purui 
Piabinha 
Pau amarelo 
piqui6 marfim 
Pau alho 
Pitomba da rnata 

Calycophyllum spruceanurn 
Brosimum rubescens 
Lecointea amazonica 

Tapir ina guianensis 
Sweet l a  n i tens  -- 
Caryocar microcarpum 
Par inar  ium 9. 
Beluc l a  imper i a l  is 
Duroia macrophylla 
Caxeria a. 
Euxylophora paraensis 
Aspidosperma album 
Agonandra b r a s i l i e n s i s  
T a l i s i a  cerasina 

Vochysia vismiaefol ia  
Geissospermum v e l l o s  ii 

Rubiaceae 
Moraceae 
Leguminosae 

Anacardiaceae 
Leguminosae 
Caryocaraceae 
Chrysobalanaceae 
Melastomataceae 
Rub iaceae 
Flacourtiaceae 
Rutaceae 
Apocynaceae 
Op i l i a c e a e  
Sapindaceae 

Quaruba vermelha 
Quinarana 
Quaruba 
Quaruba branca 

Vochysiaceae 
Apocynaceae 
Vochysiaceae 
Vochysiaceae 

Vochysia 9. 
Vochysia melioni i  

Lecythidaceae Ripeiro Eschweilera 9. 

Ser inga 
Sucupira amarela 
Sucupira preta  
Sucuuba 
Saboarana 
Sumauma 
Ser ingarana 
Ser inga verdadeira 
Sapateiro 
Sucupira chorana 

llevea b r a s i l i e n s i s  
Enterolobium schomburgkii 
Doplotropis purpurea 

Euphorbiaceae 
Leguminosae 
Leguminosae 
Apocynaceae 
Leguminosae 
Bombacaceae 
Euphorbiaceae 
Euphorbiaceae 
Melastaacaceae 
Leguminosae 

Himatanthus a r t i c u l a t h u s  
Swar t z i a  laevicarpa 
Ceiba pentandra 
Hevea guianensis 
Hevea guianensis 
Miconia *. 
And i r a  g. 

Tanimbuca 
Tachi 
Tnchi preto 
Tachi de varzea 
Tatajuba 
Tatajuba de esphinho 
Tin te i ro  
Tamanqueira 
 arums 
~ a p e r e b i  
Tauar i 

Duchenavia *. 
Sclerolobium setiferum 
Tachigalia paniculata 
T r i p l a r i s  surinamensis 
Bagassa guianensis 
Chlorophora t i n c t o r i a  
Miconia *. 

Combretaceae 
Leguminosae 
Leguminosae 
Polygonaceae 
Moraceae 
Moraceae 
Melastomaceae 
S imarubaceae 
Verbenaceae 
Anacardiaceae 
Lecy thidaceae 

Simaruba amara 
Vitex t r i f l o r a  
Spondias lutes 
Cariniana micrantha 

Sloanea 9. Elaeorcarpaceae 
Iiumiriaceae 
)lyristicaceae 
Myris t icaceae 
Myristicaceae 
Myristicaceae 
Chrysobalanaceae 
Myr 1 s t  icaceae 
Humiriaceae 

Urucurana 
Uxi de co t in  
Ucuuba vermelha 
Ucuuba verdadeira 
Ucuuba pun: 
Ucuuba branca da virzea 
Uxi preto 
Ucuuba 
U m i r  i 

Saccoglotis 9. 
Virola 9. 
Osteofoliun platisperma 
Virola x. 
Virola surinanensis 
Couepia 9. 
Virola venosa -- 
Ifumiria f l o r  ibunda 

Violeta pau roxo Peltogyne catingaea Leguminosae 

Xixh 
xixu: 

May tenus guianensis 
Maytenus guianensis 

Celastraceae 
Celastraceae 
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Table 2 .  --Species found i n  t h e  a r e a  of Manasa. Al topurcs ,  Amaz8nas--cont inued 

Flooded l ands  ............................................................................... 
Abiurana 
Araracanga 
Angrlim r a j a d o  
Apu f 
Abiurana c u t i t e  
Amaph 
Angelim da mata 
Anan; 
h a p a  doce 
Abiurana branca 
Ata brava 
Andiroba 
Acariquara branca 
Acar iquara  roxa 
Acayurana 
Azeitona da  mata 
Ayacu 
Amarelinho 

Micropholia w i l l i a m i i  
Aspidospennum D. 
Pithecolobium racemosum 
Clus i a  z. 
Lucura? r i v i q u a  
Parahancornia amapa ducke 
Parkia  p e c t i n a t a  (hbk) 
Simphania g l o b u l i f e r a  
Brosimum w. 
Pou te r i a  z. 
R o l l i n i a  annonoides 
Carapa g u i a n e n s i s  &. 
Geissospermum sericeum 
Plinquar t i a  gu ianens i s  w. 
Campsiandra l a u r i f o l i a  m. 
H i r t e l l a  americana 
Hura c r e p i t a n s  ,.&. 
Ponogophora schomburgkiana 

Sapo t aceae  
Apocynaceae 
Leguminosae 
G u t t i f e r a e  
Sapotaceae 
Apocynaceae 
Leguminosae 
Gut t i f  e r a e  
Moraceae 
Sapotaceae 
Anonac eae  
Meliaceae 
Apocynaceae 
Olacaceae 
Leguminosae 
Rosaceae 
Euphorbiaceae 
Euphorbiaceae 

Breu branco -- Protium d f .  giganteum Burseraceae 
Breu a lmescla  Protium t r i f o l i o l a t u m  Burseraceae 
B i r iba  bravo R o l l i n i a  exsucca (*.) Anonaceae 
Breu Protium heptaphyllum (G.) Burseraceae 
Buchuchu 
Bacuri  bravo Moronobea coccinea  G u t t i f e r a e  
Ba la t a  rosadinha Micropholis cy r  t o b o t r i a  Sapo t aceae  
Bacur i P l a t o n i a  i n s i g n i s  Gutt i f  e r a e  

Caroba ou pa rapa r s  
~ a r i p ;  
Cariperana 
Cupiuba 
cupuI  
copafba roxa 
Castanl~a jarana 
~ o r a q a o  de  negro 
Cedrodrana 
carapana6ba 
Cumaru roxo 
Cumarurana 
Castanha d e  macaco 
~ a j u i  
Cernambi d e  ind io  ou 
Car iperana 
Castanha vermelha 
Cacaurana 
Cacaui 
Canjarana 
Cabeqa de urubu 
Cedro branco 
Cedro vermelilo 
Caj uacli 

Envira s u r u c u c ~  
Envira f o f a  
Envira pente  d e  macaco 

1ngi  copiaba 
1nhar6 
lngarana 
.I 116 rimarclu 
l tudbu 
I tuubi~rnri:~ ou  saboarnna 
Ttafibn abnc:~tc  

Jacaranda copaia  
Licania  canescens 
Licania  w. 
Goupia g l a b r a  
Theobroma subicanum 
Copaifera a. 
Holopyxidium l a t i f o l i u m  
Swrtz ia  co r ruga ta  
Cedrel inga catanaeformis  
Aspidosperma oblogum 
Coumarona %. 
Taralea  o p p o s i t i f o l i a  
Caroupi ta  gu ianens i s  
Anacard ium w. 
Lican ia  a. 
Eschweilera a. 
Theobroma s y l v e s t r e  
Theobroma s y l v e s t r e  
Micrantha spruceana 
Dukoia s a c c i f e r a  
Cedrela f i s s i l i s  
Cedrela odorata  -- 
Anacardium gigant  eum 

Duguetia f l a g e l l a r i a  
Xylopia %. 
Guater ia  w. 

Inga %. 
Inga SF. 
Pithecolobium l a t i f o l i u m  
Crudia E. 
Mezilaurus i t a u b a  
Casearia s y l v e s t r i  
Mezilaurus duckei 

Rigononiaceae 
Chr i sobalanaceae  
Chr i sobalanaceae  
Ce las t r aceae  
S t e r c u l i a c e a e  
Leguminosae 
Lecythidaceae 
Leguminosae 
Leguminosae 
Apocynaceae 
Leguminosae 
Leguminosae 
Lecythidaceae 
Anacardiaceae 

Chrisobalanaceae 
Lecythidaceae 
S t e r c u l i a c e a e  
S t e r c u l i a c e a e  
Euphorbiaceae 
Rubiaceae 
Nel iaceae  
Meliaceae 
Anacardiaceae 

Anonaceae 
Anonaceae 
Anonaceae 

Leguminosae 
Ploraceae 
Leguminosae 
Leguminosae 
Lauraceae 
F lacour t i aceae  
Lauraceae 
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'l'ablc 2.--Species found i n  t h e  a r e a  o f  Manasa, AltopurGs, Amaz8nas--continued 

Flooded l ands  
............................................................................... 

Louro b ra r~co  
Louro p re to  
1,ouro a r i t u  
1,ouro gamcl:~ 
1,i)uro chumbo 
1,ouro pimerl t:i 
I.;rcre 
h c r e  vermclho 
L c i  t t . i r a  
Lontr inha  

~ : l t m n t &  
Macucu muri c i  
Mui r u t  i n g a  
Mulntciro ou ' ;untnnqui~ava 
Maruri  
. bnd ioque i r a  l i s a  
bluirapiranga 
:2ama6zinho 
: l a s s a r a ~ d u b a  
Matamata ro sa  
Muiragib6ia 
~ o r o t o t 6  
h n g u b a  
MacacaGba 
~ h r u p ;  
Yur i c i  vermelho 
h t a m a t i  p r e t o  
~ a t a m a t ;  branco 
Mu tamba 

l'au r a i n h a  
Pa j u r i  
P i q u i i  marf i m  
Pau amarelo 
P iqu ia rana  
Pau pombo 
Fau mulato 
Pu ru i  
Piabinha  

Quaruba branca 
Quinarana 
Quarubarans 
Quaruba rosa  

R ipe i ro  
Rosada brava 
Rosada ve rdade i r a  

Se r ingue i r a  
Ser ingarana  
Sapa te i ro  
Sucupira 
Sucupira vermelha 
Sucupira chorona 
Sucupira amarela 
Sucuplra peluda 
Sorva grandc 
Sorva d a  m t a  
Saboarana 

Himenae c o u r b a r i l  Leguminosae Caes 
iieea o p p o s i t i f o l i a  Nyctaginaceae 
IIymenea w. Leguminosae 
Calophyllum b r a s i l i e n s e  G u t t i f e r a e  

Ocotea gu ianens i s  Lauraceae 
Ocotea nees i ana  Lauraceae 
Acrodiclidiurn a p p e l i i  Lauraceae 
Iiectandra rubra Lauraceae 
Cordia  e x c e l s a  -- Borraginaceae 
Ocotea c a n a l i c u l a t a  Lauraceae 
Vismia p i a n e n s i s  G u t t i f e r a e  
Vismia b r a s i l i e n s i s  G u t t i f e r a e  
Brosimum p o t a b i l e  Moraceae 
Miconia SJ. Melastomaceae 

Eschweilera odors 
Aldinn h e t e r o p h y l l a  
Naucleopsis ca loneura  
Peltogyne p a n i c u l a t a  
Apuleia f e r r e a  
Qualea a l b i f l o r a  
Brosimum paraense  
Guarea t r i c h i l i o i d e s  
Manilkara sur inamensis  
Eschweilera a. 
Swartz ia  c i n e r e a  
Didymopanax morototoni  
Pseudobombax munguba 
Platymiscium & 
Simaruba 
Byrsonima s p i c a t a  
Eschweilera c o l l i n s  
Eschweilera & 
Guazuma u l n i f  o l i a  

Centrolobium paraense  
Lucuma spec iosa  
Aspidosperma c e n t r a l e  
Euxylophora p a r a e n s i s  
Caryocar globrum 
T a i p i r i r a  gu ianens i s  
Peltogyne pann icu la t a  
Duroia macrophylla 
Caxeria a. 
Vochysia m e l i n o n i i  
Geissospermum sericeum 
Erisrna laceola tum 
Vochysia 9. 

Lecythidaceae 
Leguminosae 
Moraceae 
Leguminosae 
Caesalp inoideae  
Vochysiaceae 
Moraceae 
Meliaceae 
Sapotaceae 
Lecythidaceae  
Leguminosae 
Ara l i aceae  
Bombaceae 
Leguminosae 
Simarubaceae 
Malpighiaceae 
Lecy th idaceae  
Lecythidaceae 
S t e r c u l i a c e a e  

Leguminosae 
Sapotaceae  
Apocynaceae 
Ru t aceae  
Carycaraceae 
Anacardiaceae 
Leguminosae 
Rubiaceae 
F lacour t  i aceae  

Vochysiaceae 
Apocynaceae 
Vochysiaceae 
Vochydiaceae 

Eschweilera polyantha Lecy th idaceae  

Hwea b r a s i l i e n s i s  
ilevea gu ianens i s  
Miconia 9. 
Diy lo t rop i s  purpurea 
Andira parvi f  l o r a  
Andira a. 
Enterolobium schomburgkii 
Hymenolobium pulcherrimum 
Courrra macrocarpa 
Couma macrocarpa 
Swrtz ia  l a e r i c a r p a  

Euphorbiaceae 
Euphorb i aceae  
Melastomataceae 
Leguminosae 
Legurninosae 
Leguminosae 
Leguminosae 
Leguminosae 
Apocynaceae 
Apocynaceae 
Leguminosae 
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Table 2.--Species found i n  the area of Xanasa, AltopurGs, Amazgnas--continued 

Flooded lands ............................................................................... 

Tachi preto 
Tnclli vermelho 
Tnvar i 
Tento 
Tin te i ro  
Tanimbuca 
Tachi pitomba 
Tnchi amarelo 
~arumg 
Taquari 
Tapura 

Ucuubn branca 
Ucuuba pun; 
Ucuuba pr@ta  
Ucuuba verdadeira 
Ucuuba brava ou Lacre da mata 
Uxi de co t ia  
Uxi p r i to  
Ucuquirana brava 
Urucurana 
Uxirana 
Umlr i 
Ucuquirana 

Visgueiro 
V i o l e t a  

Tachigalia panicula t a  
Tachigalia w. 
Cariniana i n t e r g r i f o l i a  
Omosia paraensis  
Miconia m. 
Buchenavia %. 
Sclerolobium paniculatum 
Tachigalia 9. 
Vitex 3. - 
Mabea 

Virola 9. 
Virola 3. 
Virola cuspidata 
Osteophloeum platyspermum 
Osteophloeum platyspermum 
Saccoglot t is  3. 
Couepia 9. 
Ecclinusa balata  
Concereiba guianensis 

Leguminosae 
Leguminosae 
Lecy thidaceae 
Leguminosae 
Melas tomaceae 
Combretacea 
Leguminosae 
Leguminosae 
Verbenaceae 
Euphorbiaceae 

Ptyrist icaceae 
Myristicaceae 
Myristicaceae 
t lyr is t icaceae 
Myristicaceae 
Humiriaceae 
Chrysobalanaceae 
Sapo taceae 
Euphorbiaceae 
Humiriac eae 
llumiriaceae 
Sapotaceae 

Parkia pendula Leguminosae 
Peltogyne catingaea Ducke Leguminosae 

xixui Maytenus guianensis Olacaceae 

(Page 6 of 6) 



Table  3.--Volume of s p e c i e s  found i n  the a r e a  

Fazenda "Manasa", A l t o  P u r u s ,  Municipio d e . P a u i n i ,  Amazonas, B r a z i l .  
Es t ima ted  a r e a  : 56,979 ha (569,790,000 m2) 
Number of s p e c i e s  found: 391  

Minimum No. of trees Area T o t a l v o l u m e  
Type of l a n d  volume p e r  ha i n  i n  m3 T o t a l  t r e e s  

i n  ha 
rn3 /ha ............................................................................ 

I. TOTAL VOLUME OF WOOD I N  THE AREA (OVER 45 CM DIAMETER) 

Higher l a n d s  266.75 199 24,290 6,479,357 4,833,710 

Flooded l a n d s  199.86 156 29,940 5,893,808 4,670,640 

Lakes  and r i v e r s  -- -- 2,749 - - -- 

T o t a l  of  t h e  a r e a  56,979 12,453,165 9,504,350 

11. FOR 47 COMMERCIAL, SPECIES WITH DIAMETER OVER 45 C14 

Higher l a n d s  118.33 6 1  24,290 2,874,896 1 ,492,663 

Flooded l a n d s  81.51 3 1 29,940 2,437,805 945,521 

Resume: 38 commercial s p e c i e s  w i t h  more t h a n  10,000 m3 . . . 5,048,637 m 3 

9 commercial s p e c i e s  w i t h  l e s s  t h a n  10,000 m3 . . . 264,064 m3 

T o t a l  of 47 s p e c i e s  . . . 5,312,701 m3 



Table 4.--Species found i n  "Fazenda Wanasa," Amazonas, B r a z i l  

Species  
Volume No. t r e e s  Volume No. t r e e s  
m3 / i n  t o t a l m 3  t o t a l  

100 ha 100 ha 

1. HIGHER LANDS 

Abiurana (Pou te i r a  -.) 
Castanha i a rana  (Holopyxidium 1.) 
Cedrorana (Cedrel inga catanaef  .) 
Faveira  (Parkla  mul t i j uga )  
L e i t e i r a  (Brosimum p o t a b i l e )  
Louro gamela (Nectandra e) 
Louro l j re to  (Ocotea nees i ana )  
Macuc; (Aldina he te ro  h  l l a )  
*CUCG m ~ ( ~ i c a n i z  iE. ) 
Massaranduba (Manilkara hube r i )  
Matamata' (Eschweilera grata) 
Muiratinga (Naucleopsis *. ) 
Piquia  marfim (Caryocar a.) 
Piquiarana (Caryocar glabrum) 
Sucupira amarela (Vata i rea  E.) 
Sucupira y r e t a  (Dip lo t rop i s  pur.) 
Sucupira vermelha (Andira parvi f  .) 
Tachi p re to  (Tachigal ia  pan icu l . )  
Tachi .vermelho (Sclilerolobium w.) 
Tauar i  ( C a r i n i ~ n a  i n t e g r i f o l i a )  
Ucuuba branca (Virola  surinamens.) 
Ucuuba p r e t a  (Virola  s e b i f e r a )  
Ucuuba (Virola  spp. )  
Ucuuba verrnelha (Virola  see . )  
V io le t a  (Peltogyne ca t a ingae )  

Abiurana (Pou te i r a  m.) 
Abiurana branca (Pou te i r a  e.) 
Abiurana c o t i t e  (Pou te i r a  macroph) 
Andiroba (Carapa gua ianens i s )  
A s s a d  (m c r e p i t a n s )  
Catanha jarana (Rolopyxidum rut.) 
Copaiba (Copaifera -.) 
Faveira  (Hymenolobium pulcheriurn) 
Ingarana (Pithecolobium l a t i f o l i u m )  
I taubarana (Mezilaurus i t auba )  
 ato obi (Hymenaea o b l o n g i f o l i a )  
~lacuc; (Aldina he te rophy l l a )  
Massaranduba (Manilkara hube r i )  
Matamat3 (Eschweilera w) 
*tamat2 rosa  (Escliweilera x. ) 
Muiratinga (Naucleopsis +.) 
Mulate i ro  (Peltogyne pan icu la t a )  
Piquiarana (Caryocar glabrum) 
Sucupira  amarela (Vata i rea  s.) 
Sucupira vermelha (And I r a  parvi )  
Taclii verrnellio (Schlerolobium E) 
Tauar l  ( C a r i ~ i i a n a  i n t e g r i f o l  i a )  
Ucuuba branca (Virola  Surinam.) 
Ucuubs vermelha (Virola  s p p . )  



B r a z i l i a n  name Botan ica l  name T o t a l  olume Volume Y m m3/ ha 

Ab iu rana  Pou te r i a  z. 726,314 12.75 
Mula te i ro  Pel togyne pan icu l a t a  674,043 11.82 
Matarnat; Eschweilera g r a t a  337,638 5.92 
Cedrorana Cedrel inga cataneaformis  286,768 5.03 
Fave i ra  Park ia  mult i j  uga 229,024 4.02 
~ a c u c ;  Aldina he te rophyl la  221,202 3.88 

These six s p e c i e s  make up 2,475,000 m3, o r  49 percent  of t h e  t o t a l  
commercial volume i n  t h e  a r e a  of easy e x t r a c t a b i l i t y .  Other s p e c i e s  of 
medium d e n s i t y  inc lude :  

B r a z i l i a n  name Botan ica l  name To ta l  d e n s i t y  
m3 

~ s s a c ;  
Macaranduba 
Castanha Ja r ana  
Muirat inga 
~ a t o b z  
Andiroba 
P iqu i a r ana  
Ucuuba Branca 
L e i t e i r a  
Louro P r e t o  
Tachi  Vermelho 

a u r a  c r e p i t a n s  - 
I lan i lkara  huber i  
Holopyxidium r u t i f o l i u m  
Naucleopsis caloneura 
Hymenaea courbar il 
Carapa guianens is 
Caryocar vi l losum 
Vi ro l a  s u r  inamensis 
Brosimun ~ o t a b i l e  
Oco t e a  nees iana 
Tachiga l ia  a. 

These 11 medium-density s p e c i e s ,  a l l  w e l l  known commercially i n  B r a z i l ,  
make up 1,500,000 m3 o r  30 percent  of t h e  t o t a l  i n  t h e  a r ea .  I n  surmnary, 
t h e s e  17 s p e c i e s  make up a lmos t  80 percent  of t h e  t o t a l  volume of t h e  a r e a ,  
each wi th  more than 100,000 m3. The rest i s  made up of 21 spec i e s ,  each 
wi th  10,000 m3 o r  more. 

The occurrence of t h e  high-densi ty  woods can be seen comparat ively a s  
fo l lows  : 

Densitv i n  m3/ha 

Inventory by S tud ie s  by W. D. de  Barros  (2) 
Spec ies  Manasa Sudam Supren, 1977 

Ab iurana  12.75 
Mula t e i r o  11.82 
Matamatd 5.92 
Cedror ana 5.03 
Fave i ra  4.02 
MacucG 

T o t a l  

Average dens i ty :  40,563 m3/ha 



I f  t h e s e  d a t a  were a p p l i c a b l e  t o  t h e  e n t i r e  Amazon r e g i o n ,  t h e s e  s i x  
l i t t l e -known s p e c i e s  might y i e l d  140 b i l l i o n s  of cub i c  me t e r s .  Whatever 
t h e i r  t r u e  volumes may be,  i t  is apparen t  t h a t  t h e s e  six s p e c i e s  may become 
important  i n  f u t u r e  t imber markets .  The b e s t  known of t h e  group-- 
mula te i ro - - i s  c l o s e l y  r e l a t e d  t o  pu rp l ehea r t  [Peltogyne ca t i ngaea )  b u t  
ha s  brown heartwood. It i s  d i f f i c u l t  t o  work, bu t  s u r f a c e s  w e l l .  It is 
s t r o n g ,  du rab l e ,  and seasons  w e l l  and r a p i d l y .  Its p r i n c i p a l  u se  i s  as 
s l e e p e r s  and i n t e r i o r  c o n s t r u c t i o n  (4). 

The d e n s e s t  wood of t h e s e  s i x  species--abuirana--actually is  a group of 
s p e c i e s ,  w i t h  ye l l owi sh  brown o r  rose-colored heartwood weighing about  
1 ,000 kg/m3, w i t h  good mechanical  p r o p e r t i e s ,  s t r o n g ,  and durab le .  It  is  
used f o r  s l e e p e r s ,  c o n s t r u c t i o n ,  and f l o o r i n g .  

Matamat; a l s o  r e p r e s e n t s  a group of s p e c i e s ,  va ry ing  c h i e f l y  i n  t h e  c o l o r  
of t h e i r  woods. Tex ture  i s  medium, d e n s i t y  900 kg/m3. It i s  used i n  
c o n s t r u c t i o n  and f o r  s l e e p e r s .  

Known c h a r a c t e r i s t i c s  of t h e s e  s i x  s p e c i e s  a r e  s een  i n  t a b l e s  5 and 6. 
The u s e s  of  t h e  Amazon s p e c i e s  i nven to r i ed  a r e  p r e sen t ed  i n  t a b l e  7. 

It is hoped t h a t  t h i s  paper w i l l  draw a t t e n t i o n  t o  t h e  con t i nu ing  need 
t o  develop markets  f o r  t h e  many l i t t l e -known woods of t h e  Amazon. 



Table  5 . - -Character is t ics  of s i x  l i t t le -known s p e c i e s  

Abiurana Eiulateiro Faveira  ~ a t a m a t i  Cedrorana hcucG 
(Pou te i r a  w. ) (Peltogyne a r k  (Eschweilera c e d r e l i n g a  (Ald i n a  

p a n i c u l a t a )  mul t i j uga )  grata) cataneaformis)  he t e rophy l l a )  .................................................................................................. 

Density 
In  gr/cm3 0.90 t o  0.95 0.85 t o  0 . 5 0 t o  0 . 8 8 t 0 0 . 9 8  0 . 6 5 t o 0 . 7 5  0 . 8 5 t o 0 . 9 5  

1.00 0.55 
In  l b l c u  

f t  56 t o  59 53 t o  62 31 t o  34 55 t o  61 40 t o  47 53 t o  59 

tleartwood Pale  r edd i sh  Reddish Light  gray- Light  gray- Reddish brown Light  r edd i sh  
brown brown going brown w i t h  i s h  t o  da rk  wi th  c l e a r  

e a s i l y  t o  r edd i sh  brown some- v e s s e l  l i n e s  
da rk  brown l u s t e r e  t imes l u s t e r e d  

Sapwood Not c l e a r l y  Yellowish Not demar- Yellowish, More p a l e  and Yellowish gray 
demarcated, brown, de- ca t ed ,  c l e a r l y  de- s l i g h t l y  wi th  low 
but more pa le  marcated very  pa le  marcated l i g h t e r  l u s t e r  

from hea r t -  
wood 

Grain Regular Regular S t r a i g h t  Regular S t r a i g h t  In ter locked 
(sometimes 
i r r e g u l a r )  

Texture Medium Coarse Medium Medium Coarse (simi- Coarse 
l a r  t o  cedar)  

Odor Undis t inguish .  Undis- Without Unpleasant Unpleasant Undistinguish.  
t inguish .  when f r e s h  when f r e s h  c u t  

c u t  

Tas t e  Undis t inguish .  Undis- Without Undis- Undis t inguish .  Undis t inguish .  
t i ngu i sh .  t i ngu i sh .  

Luster  Medium Smooth Light  Low Low Low 
po l i sh  p o l i s h  

Workabili ty Some d i f f i -  ?ioderately Very easy Easy Easy 
c u l t  i e s  d i f f i c u l t  

S t a in ing  Regular Good--very Good Good wi th  Good 
decora t ive  low s t a i n i n g  

Easy 

Good 

Durab i l i t y  Durable Very dur- ? Very dur- Not du rab le  Very durable  
a b l e  a b l e  accept  pre- 

s e rv .  -- 
Reference: (3)  o f  S i b l i o g r a ~ h ~ .  



Table 6.--Present uses of six little-known species 

Utilization Species 

Abiurana Mulateiro 14atamata Cedrorana Faveira Macucu 

Civil construc tlon X X X X X X 

Furniture - - -- -- X X -- 

Turnings - - X - - -- -- - - 

Structural 
constrauction 

Wooden boxes -- -- -- X X - - 

Hardwood flooring X X -- -- -- -- 

Cellulose -- -- -- X X - - 
Sleeper and poles X X X - - -- X 

Joinery X - - X X X -- 
Naval construction -- -- -- X -- - - 

Internal construction X X X -- X -- 

External construction X - - X -- X X 



Table  7.---ation o f  s p e c i e s  from t h e  upper  h a z o n  

- - - .- - - - - - - -- --- - -- - -. . - -. - 

( : a te -  ( : l v l l  Ftnrni- Vencer i n -  Tool S t r u c -  Wooden Hardwood C e l l u -  S l e e p e r s  J o i n e r y  Naval I n t c r n a l  I : x l c . r ~ r n l  HCZII Idi 11,:s 

Spec len  Gory cons t r t t c -  cu re  and l n ~ s  hand les  t u r a l  Toys Matches boxes f l o o r i n g  l o s e  and construe- 1.atc.x cons l r l l c -  ~ . o n a l r l l r -  i l o l l  l 2 : l r < l ~ ~ t ~ l  

t l o n  plywood cons  t r u c -  p o l e s  t i o n  t  ion 1 i <,I> 1 > 1  i l l d *  

t  ion 
- - - - - -  

Ablurana 
Andlroba 
A n ~ e l i m  da mata 
A n ~ e l i m  r a j a d o  
Ra la tn  r o s a d l n h a  
(:aroba 
<:as tnnlin j a r a n a  
Cas tanha  d e  macaco 
Cedrorana 
Cops! ba 
Cupiuba 
F a v e l r a  
l ~ a r a n a  
I t abba  
.lacarct;ba 
.latob; 
I . c I t e i r a  
I.ot8ro 
Louro anamtli 
I.ouro p r e t o  
Macacabba 
Macucn~ 
Macllcu muric i 
Mar~lpa 
Massa rand l~ba  
Ma tama t i  
M u l r a t i n g a  
M ~ ~ l a t e i r o  
~ 1 q 1 1 i i  marflm 
P i q u l a r a n a  
~ i q u i i  v e r d a d e i r a  
S t ~ c u p l r a  amare la  
S u c t ~ p l r a  p r e t a  
S u c u p i r a  vermclha 
T a c h i  p r e t o  
Tach1 vermelho 
T a u a r l  
ucuuba b ranca  
V i o l e t a  
Andlroba 
A C ~ C L I  
Cedro 
Cedro vermelho 
I t a u b a r a n a  
Marupi  
Ma t a m a t i  b ranco  
Ucuuba da  vnrzea  

X X X 
X X X X 

X X 
X X X X 
X 
X 
X X X 
X X X 
X 
X X 
X X 
X X X 
X X X 
X X X 

X 
X X X 
X X 
X 
X 
X X X X 

X 
X X X 
X X X X X 

X 
X X 
X X 

X 
X X X 

X X X 
X X 

- - - -  - 

A Very w e l l  a c c e p t e d  i n  t h e  I n t e r n a t i o n a l  Market .  
R Accepted I n  t h e  N a t i o n a l  Market wi th  e x p o r t  possibilities. 
C K n m  i n  t h e  N a t i o n a l  Market on ly .  
D. Knom o n l y  In  t h e  Amazon Region, unknwn i n  B r a z i l .  

C a t e g o r i e s  o f  t h e  s p e c i e s :  
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FACTORS AFFECTING PULPWOOD 

FROM PL4NTATIONS N?D NATLJRAL FORESTS 

XN THE TROPICS 

E. R. Palmer 

INTRODUCTION 

Every informed commentator p r e d i c t s  a  l a r g e  i nc rease  i n  t h e  consumption 
of paper f o r  t h e  rest of t h i s  century--the on ly  d i f f e r e n c e  of op in ion  
concerns t h e  r a t e  of i nc rease .  Consequently t h e r e  is  cons iderab le  
i n t e r e s t  i n  t h e  source of t h e  pulp. Tables  1 and 2  i n d i c a t e  t h e  
importance of t h e  c o u n t r i e s  t h a t  a r e  no t  a t  p r e sen t  major producers  of 
pulp f o r  t h i s  purpose. These t a b l e s  make i t  obvious t h a t  about  80% of 
t h e  wor ld ' s  woodpulp is  be ing  made i n  a r e a s  which have only  20% of t h e  
f o r e s t  resources .  

The f o r e s t  a r e a s  i n  t r o p i c a l  c o u n t r i e s  a r e  predominantly mixed hardwood 
f o r e s t s .  Data f o r  t h e  41 Afr ican  c o u n t r i e s  t h a t  were independent i n  1972 
gave a  t o t a l  f o r e s t  a r e a  of over 565 x  106 ha ,  bu t  t h e  a r e a  of p l a n t a t i o n s  
was 530 x  l o 3  ha of softwoods and 746 x  lo3 ha of hardwoods (FA0 1965). 
Thus t h e  t o t a l  a r e a  of p l a n t a t i o n s  was less than 0.252 of t h e  t o t a l  
f o r e s t  a r ea .  Although more p l a n t a t i o n s  w i l l  have been p lan ted  i n  t h e  l a s t  
f i v e  yea r s ,  t h e  propor t ion  of p l a n t a t i o n s  t o  n a t u r a l  f o r e s t s  is  s t i l l  
ve ry  smal l .  The propor t ion  of p l a n t a t i o n  t o  n a t u r a l  f o r e s t  is s i m i l a r  
i n  most t r o p i c a l  a r e a s .  I f  t he se  a r e a s  a r e  t o  make a  s i g n i f i c a n t  c o n t r i -  
bu t ion  t o  t h e  product ion of woodpulp, a  number of d e c i s i o n s  a r e  requi red .  
S i g n i f i c a n t  ques t i ons  t o  be answered a r e  : 

1. Should pulp m i l l s  b e  b u i l t ,  pos s ib ly  u s ing  modified pulping 
techniques ,  t o  u s e  t h e  e x i s t i n g  f o r e s t s ,  o r  should a l t e r n a t i v e  uses  be  
made of t h e  e x i s t i n g  f o r e s t ,  and p l a n t a t i o n s  of d e s i r a b l e  s p e c i e s  
e s t a b l i s h e d .  

2. I f  i t  i s  decided t o  u se  t h e  mixed f o r e s t ,  should t h e s e  f o r e s t s  
be allowed t o  r egene ra t e  n a t u r a l l y ,  o r  should t h e r e  be a  po l i cy  of 
r e a f f o r e s t a t i o n  w i th  d e s i r a b l e  p l a n t a t i o n s  spec i e s?  

The purpose of t h i s  paper i s  t o  d i s cus s  some of t h e  f a c t o r s  t h a t  w i l l  
a f f e c t  t he se  choices .  The f a c t  t h a t  i n f l a t i o n  i s  caus ing  cont inuous 
changes i n  c o s t s  and t h a t  many of t h e  o t h e r  f a c t o r s  a r e  l o c a l  and can only  
be considered i n  connect ion wi th  a  s p e c i f i c  p r o j e c t ,  means t h a t  t h i s  
paper must be w r i t t e n  i n  gene ra l  terms and without  any e f f o r t  t o  quan t i fy  
t h e  economic advantages of a l t e r n a t i v e  sources  of raw m a t e r i a l .  
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Table 1.--Distr ibut ion of world f o r e s t  resources  

Percent  

North America 16.7 

Europe 3.5 

U.S.S.R. 19.0 

Rest of t h e  world 60.8 

North America 

Europe 

U.S.S.R. 

Asia 

La t in  America 

Oceania 

A£ r i c a  

Table 2. - -Distr ibut ion of wood pulp product ion 

Percent  

52 

26 

8 

10 

2 

Ifore than  1 

Less than  1 



USE OF THE MIXED FORESTS 

One problem i n  making i n d u s t r i a l  use of t h e  mixed f o r e s t  i s  t h e  f a c t  t h a t  
f o r e s t s  a r e  composed of a l a r g e  nunber of  s p e c i e s  w i t h  o f t e n  widely 
d i f f e r i n g  c h a r a c t e r i s t i c s .  A t  t h e  sarqe tirqe it i s  t h e  he t e rogene i ty  that 
provides  one argument f o r  some i n d u s t r i a l  use. I n  one f o r e s t  a r e a  which 
I v i s i t e d  I was t o l d  t h a t  fewer than e i g h t  t r e e s  per  h e c t a r e  w e r e  
d e s i r a b l e  and v a l u a b l e  t imber spec ies .  I f  some use  were found f o r  t h e  
trees t h a t  a r e  a t  p r e sen t  l e f t  s tanding ,  i t  would be  e a s i e r  and cheaper 
t o  e x t r a c t  t h e  d e s i r a b l e  t imber  spec i e s  and t h e  p r o f i t a b i l i t y  of t h e  whole 
p r o j e c t  would be  improved by t h e  va lue  of t h e  o therwise  unused timber.  

The number of s p e c i e s  occu r r ing  i n  any given a r e a  v a r i e s ,  b u t  it is  always 
l a r g e .  Recent ly ,  a t  t h e  T rop ica l  Products  I n s t i t u t e  an  examination of 
hardwoods from a South American country was undertaken. The 20 spec i e s  
occur r ing  most f r e q u e n t l y  amounted t o  70% of t h e  volume of t imber.  The 
remaining 30% of t h e  volume included more than 50 spec ies .  A survey f o r  
an Afr ican  country included a t a b l e  "Species l i s t  of t h e  commoner trees" 
and it included 217 s p e c i e s  ( p r i v a t e  communication t o  TPI). Aus t r a l i an  
work i n  Papua New Guinea found between 100 and 200 s p e c i e s  that a r e  
l i k e l y  t o  be  considered f o r  commercial u t i l i z a t i o n  i n  any one a r e a ,  a l though 
i n  gene ra l  30 spec i e s  would comprise 75% of t h e  t o t a l  merchantable volume 
(Higgins e t  a l .  1973).  

S ince  a r e l a t i v e l y  small number of s p e c i e s  comprise a l a r g e  propor t ion  of 
t h e  t o t a l  volume, on ly  six s p e c i e s  r ep re sen t ing  about 46% of t h e  s t and ing  
volume of trees were examined i n  t h e  r ecen t  t r i a l s  a t  t h e  TPI; bu t  s i n c e  
some 10-12% of t h e  s tanding  volume a r e  va luab le  t imber s p e c i e s ,  t h e  s i x  
spec i e s  represen ted  a l i t t l e  more than h a l f  t h e  mixture  t h a t  would be  
a v a i l a b l e  f o r  pulping.  

However, examination of t h e s e  six spec i e s  showed a g r e a t  v a r i a t i o n  i n  
pulping p r o p e r t i e s .  Pulping each spec i e s  s e p a r a t e l y ,  us ing  cons t an t  
d i g e s t i o n  cond i t i ons  intended t o  produce a b leachable  pu lp ,  a f fo rded  
unbleached pulp y i e l d s  between 42.4 and 44.8% wi th  kappa numbers from 
1 6  t o  35. The v a r i a t i o n  i n  pulp s t r e n g t h  was a l s o  l a r g e :  Tens i l e  index 
i n  t h e  range 60-92j b u r s t  index,  3.1-5.0; and t e a r  index,  7.5-12.4; a l l  
measured a t  300 Canadian Standard f r eenes s .  Consequently, it i s  obvious 
t h a t  t h e  r equ i r ed  d i g e s t i o n  condi t ions  and t h e  q u a l i t y  of pulp ob ta ined  
w i l l  vary  w i th  t h e  composition of t he  mixture  of wood spec i e s  pu t  i n t o  
t h e  d i g e s t e r .  The p rospec t s  of producing a uniform pulp seem t o  depend 
on t h e  p rospec t s  of a t tempt ing  a s e l e c t i o n  of wood t o  ensure  t h e  
reasonably uniform wood supply.  There a r e  t e c h n i c a l  problems i n  making 
such a s e l e c t i o n ,  and i t  might be a c o s t l y  process .  Hardwoods i n  o t h e r  
p a r t s  of t h e  world have been found equa l ly  va r i ed  i n  t h e i r  response t o  
su lpha t e  pulping.  Twenty-four spec i e s  from one a r e a  i n  Papua iqew Guinea, 
pulped by t h e  su lpha t e  process  i n  A u s t r a l i a ,  had pulp y i e l d s  between 
42.5 and 52.2% w i t h  kappa numbers between 1 8  and 44 (Higgins e t  a l .  1973).  



COMPARISON OF AREAS OF FOREST REQUIRED 

It is d i f f i c u l t  t o  i l l u s t r a t e  t h e  d i f f e r e n c e  between t h e  a r e a s  requi red  
t o  supply a  pulp m i l l  by t h e  use of p l a n t a t i o n s  and by n a t u r a l  f o r e s t .  
P l a n t a t i o n s  a r e  planned with a view t o  contfnuous y i e l d  w h i l s t  some p r o j e c t s ,  
a t  l e a s t  designed t o  u se  n a t u r a l  f o r e s t s ,  do not  t a k e  i n t o  account any 
regrowth. Table 3  g ives  d e t a i l s  of t h e  a rea  of p l a n t a t i o n  requi red  t o  
supply a  165,000 tonne per  year  pulp m i l l ,  making c e r t a i n  assumptions 
concerning t h e  r a t e  of growth, wood dens i ty ,  and pulp y i e l d .  Est imates  
a t  t h e  TPI show samples of Gmelina a rborea  y i e ld ing  over 30 m3/ha/annum 
of wood with a  d e n s i t y  of around 400 kg/m3 and y i e ld ing  over 50% of 
unbleached pulp; and samples of Eucal t u s  spp. with growth r a t e s  + repor ted  t o  be i n  excess  of 20 m /ha/annum, wood d e n s i t y  over  500 kg/m3, 
and pulp y i e l d s  i n  excess  of 50%. For such samples t o t a l  p l a n t a t i o n  a r e a s  
i n  t h e  region of 20,000 t o  30,000 ha, of which some 4,000 t o  5,000 ha 
would be harves ted  each yea r ,  would be a b l e  t o  supply a  pulp m i l l  of t h i s  
s i z e .  Whether a r e a s  of under 10,000 ha a r e  r e a l i s t i c  depends on t h e  
i d e n t i f i c a t i o n  of s u i t a b l e  s i t e s  and spec i e s ,  bu t  r e p o r t s  t h a t  Leucaena 
leucoce h a l a  w i l l  produce 24-312 m3/ha/annum of wood wi th  a d e n s i t y  over 
b e s  i n d i c a t e  t h a t  i n  some, probably except iona l  c ircumstances,  
very  small a r e a s  w i l l  s u f f i c e .  

Est imation of t h e  a r ea  requi red  f o r  n a t u r a l  f o r e s t  n e c e s s i t a t e s  d i f f e r e n t  
assumptions. The s tanding  volume of wood i n  t r o p i c a l  f o r e s t s  has  been 
est imated between 10  m3/ha and 300 m3/ha, depending on cond i t i ons ,  
a l though t h e  f i g u r e  quoted most o f t en  is around 100 m3/ha. Many hardwood 
s p e c i e s  i n  n a t u r a l  f o r e s t s  have higher  wood d e n s i t y  than those i n  p lan ta-  
t i o n s ,  but  experience a t  t h e  TPI i n  eva lua t ing  mixed hardwoods is t h a t  i t  
is unusual t o  ob ta in  pulp y i e l d s  g r e a t e r  than 45%. Consequently, i n  order  
t o  e s t ima te  t h e  a r e a  r equ i r ed  t o  supply a pulp m i l l  which is producing 
165,000 tonnes of pulp per year ,  it was assumed t h a t  t h e  wood d e n s i t y  w a s  
600 kg/m3 and t h e  pulp y i e l d  45%. Under t hese  circumstances it would be  
necessary t o  c l e a r - f e l l  an  a r e a  of about 2,250 ha wi th  a  range of from 
around 750 ha a t  t h e  h ighes t  s tocking  t o  over 20,000 ha a t  t h e  lowest  
s tocking  dens i ty .  The a r e a  would be changed by v a r i a t i o n  i n  wood dens i ty ,  
by pulp y i e l d s ,  and by t h e  propor t ion  of t h e  wood e l imina ted  as unsu i t ab l e ;  
however, t h e  range i s  so wide and so many v a r i a b l e s  a r e  involved t h a t  t h e  
v a r i a t i o n  is no t  poss ib l e  t o  quant i fy .  Of course t h i s  a r e a  i s  s u f f i c i e n t  
t o  supply a  pulp m i l l  f o r  one year only. 

To e s t ima te  t h e  t o t a l  a r ea  requi red ,  f u r t h e r  assumptions must be made. 
Some a u t h o r i t i e s  say t h a t  t h e  t o t a l  q u a n t i t i e s  of wood a v a i l a b l e  a r e  so  
g r e a t  t h a t  t h e r e  is no need t o  be concerned wi th  regenera t ion .  Since t h e  
t o t a l  q u a n t i t y  of timber s tanding  i n  Afr ican t r o p i c a l  high f o r e s t  has  
been put  a t  3  x 1010 m3 w i th  another  1 x 1010 m3 i n  savanna woodlands, i t  
i s  obvious t h a t  t h e r e  i s  something t o  support  t h i s  argument (FA0 1965). . . . 
Against i t  i s  t h e  f a c t  t h a t ,  w i th  use,  t h e  t imber would need t o  be t rans-  
ported over an increas ing  d i s t ance .  

Allowances f o r  regenera t ion  a r e  d i f f i c u l t  t o  quan t i fy .  One suggest ion has  
been t h a t  seed t r e e s  should be l e f t  t o  encourage n a t u r a l  regenera t ion  of 



Table 3.--Area of p l a n t a t i o n  .-- t o  supply a 165,000 tonnelannum pulp m i l l  

-- 

Rate of growth, m3/ha/ann 

Wood d e n s i t y ,  kg/m 
3 

Pulp y i e l d ,  
W t .  of ovendry pulp 
W t .  of ovendry wood 

Ro ta t i on ,  yea r s  

P l a n t a t i o n  a r e a  r equ i r ed ,  
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t h e  f o r e s t  of t h e  composition s i m i l a r  t o  t h a t  be ing  f e l l e d .  However, 
i t  is est imated t h a t  40 y e a r s  a f t e r  c l e a r  f e l l i n g  t h e  s tocking  d e n s i t y  
of t h e  regenera ted  f o r e s t  would s t i l l  be on ly  around 10Q m3/ha. This  
r e p r e s e n t s  a  r a t e  of growth ba re ly  10Z of t h a t  which might be expected 
had t h e  c l e a r e d  a r e a  been rep laced  w i t h  p l a n t a t i o n s ,  and t h e  prospec t  
is  t h a t  t h e  compo/sition of t h e  regenerated f o r e s t  would be  g r e a t l y  
d i f f e r e n t  from t h e  o r i g i n a l .  Thus t h e  q u a l i t y  of pulp and probably t h e  
process  r equ i r ed  f o r  producing i t  would be d i f f e r e n t  ( p r i v a t e  comnuni- 
c a t i o n  t o  TPI).  Ilowever, w e n  t h i s  low r a t e  of growth may be  o p t i m i s t i c ,  
a s  i n  another  e s t i m a t e  t h e  growth increment of t h e  regenera ted  f o r e s t  
was taken a s  about 0.5 m3/ha/annum and t h l s  would g ive  a  s tock ing  d e n s i t y  
of on ly  20 m3/ha a f t e r  40 y e a r s  (Ganguly 1971). 

An a l t e r n a t i v e  form of n a t u r a l  r egene ra t i on  would be t o  encourage t h e  
growth of t h e  "weed" s p e c i e s  t h a t  a r e  u s u a l l y  t h e  f i r s t  t o  develop a f t e r  
c l e a r  f e l l i n g .  This  would i n c r e a s e  cons iderab ly  t h e  volume of wood 
produced i n  t h e  e a r l y  yea r s  a f t e r  c l e a r i n g  and would j u s t i f y  c u t t i n g  over 
t h e  same a r e a  aga in  i n  a  v e r y  much s h o r t e r  pe r iod ,  bu t  most of t he  wood 
produced would be  of low d e n s i t y  (200-300 kg/m3) and would be so d i f f e r e n t  
from t h e  o r i g i n a l  ha rves t  t h a t  some d i f f e r e n c e  i n  necessary  pulping 
technique and q u a l i t y  of r e s u l t i n g  wood pulp would be  i n e v i t a b l e .  The 
comparisons between p l a n t a t i o n s  and n a t u r a l  f o r e s t  mean t h a t  t h e  
165,000 tonne per  annum m i l l  would need some 25,000 ha of p l a n t a t i o n s  t o  
supply t h e  m i l l  i n d e f i n i t e l y ;  but assuming a  50-year l i f e  of t h e  m i l l ,  
t h e  t o t a l  a r e a  of n a t u r a l  f o r e s t  could be anywhere between 35,000 and 
1,000,000 ha ,  o r ,  a l lowing  f o r  regenera t ion  a t  t h e  r a t e  of 2.5 m3/ha/annum, 
around 110,000 ha.  Even t h e  most o p t i m i s t i c  assumptions f o r  t h e  a r e a  of 
n a t u r a l  f o r e s t  r equ i r ed  t o  s u s t a i n  t h e  m i l l  show t h a t  i t  is  g r e a t e r  than 
t h a t  r equ i r ed  f o r  p l a n t a t i o n s .  This  means t h a t  t h e  haulage d i s t a n c e  is  
g r e a t e r  and cons t an t ly  i nc reas ing  and t h a t  a d d i t i o n a l  roads a r e  r equ i r ed  
every year .  By c o n t r a s t ,  f o r  p l a n t a t i o n s  t h e  haulage d i s t a n c e  f o r  any 
given year  is  known wi th  reasonable  p rec i s ion ;  s i n c e  an a r e a  is l i k e l y  
t o  be logged over every 5-10 y e a r s ,  t h e  roads  once b u i l t  can be permanent. 

A s i m i l a r  s i t u a t i o n  i s  found when comparing n a t u r a l  s t ands  of c o n i f e r s  
wi th  p l a n t a t i o n s ,  a l though t h e  r o t a t i o n  per iod  of c o n i f e r  p l a n t a t i o n s  
w i l l  be  longer  than t h a t  of hardwood p l a n t a t i o n s .  I n  an examination of 
Pinus ca r ibaea  i n  which samples grown i n  p l a n t a t i o n s  were compared wi th  
samples grown i n  p l o t s  of n a t u r a l  r egene ra t i on ,  i t  was found t h a t  t h e  
average s i z e  of tree was g r e a t e r  f o r  t h e  p l a n t a t i o n s  than f o r  t h e  
n a t u r a l  r egene ra t i on  p l o t s .  A g r e a t e r  d i f f e r e n c e  was observed f o r  t h e  
s tocking  d e n s i t y .  I n  t h e  p l a n t a t i o n s  t h i s  v a r i e d  from over  1 ,000 t r e e s l h a  
a t  about 1 0  yea r s  o l d  t o  250-300 t r e e s / h a  a t  about 25 yea r s  o l d ;  i n  t h e  
e i g h t  n a t u r a l  r egene ra t i on  p l o t s  s t u d i e d ,  t h e  s tocking  d e n s i t y  v a r i e d  
from 124 t o  321 t r e e s / h a  (Palmer and Gibbs 1976).  

Thus, a s  f o r  hardwoods, t h e  t o t a l  a r e a  of coni fe rous  p l a n t a t i o n s  r equ i r ed  
would be  smal le r  than t h a t  o f  n a t u r a l  f o r e s t .  



HARVEST AND TRANSPORT OF WOOD 

The ha rves t i ng  of p l a n t a t i o n  t imber i s  normally e a s i e r  than  t h a t  of n a t u r a l  
f o r e s t  because of t h e  more uniform s i z e  o f ' t r e e s  and because acces s  t o  t h e  
p l a n t a t i o n s  has  a l r eady  been e s t ab l i shed .  One ha rves t i ng  problem t h a t  
occurs  sometimes i n  n a t u r a l  f o r e s t s  b u t  i s  ve ry  r a r e  i n  p l a n t a t i o n s  i s  
t h e  f e l l r n g  of i r regular-shaped trees, e s p e c i a l l y  those  which a r e  
bu t t r e s sed .  For land t r a n s p o r t  of l ogs ,  t h e  n a t u r a l  f o r e s t s  have an 
advantage i n  t h e  higher  d e n s i t y  of l o g s ,  which means t h a t  a  g r e a t e r  
weight of wood can  be  c a r r i e d  a s  a  s i n g l e  load ;  a  maximum load of a  t r u c k  of 
l o g s  is more o f t e n  determined by volume than by weight. However, exces- 
s i v e l y  i r r e g u l a r l y  shaped l o g s  could n u l l i f y  t h i s  advantage. I f  i t  is 
planned t o  f l o a t  l o g s ,  then  t h e  n a t u r a l  f o r e s t s  a r e  a t  a  disadvantage 
because of t h e  h igh  propor t ion  of l ogs  t h a t  s i n k ,  owing t o  t h e i r  higher  
d e n s i t y ,  coupled wi th  high mois ture  conten t  (70-80% has been observed f o r  
wood a s  rece ived)  . 

HANDLING AND PROCESSING OF WOOD 

The removing of bark  from wood from n a t u r a l  f o r e s t  i s  o f t e n  more d i f f i c u l t  
than  from p l a n t a t i o n  wood, because t h e  i r r e g u l a r  shape of l o g s  makes 
c l ean ing  more d i f f i c u l t  and t h e  higher  d e n s i t y  makes an  e x t r a  load f o r  t h e  
debarking drums. This  is a  s e r i o u s  disadvantage on ly  where bleached 
pulps  of h igh  b r igh tnes s  a r e  r equ i r ed ,  because some hardwoods have 
r e l a t i v e l y  t h i n  bark  and t h i s  can o f t e n  be pulped. Woods from p l a n t a t i o n s  
a r e  no t  i n v a r i a b l y  e a s i l y  barked; some euca lyp t s  a r e  very  d i f f i c u l t  t o  
debark e s p e c i a l l y  i f  t h e  wood has  s t a r t e d  t o  dry .  

Chipping of t h e  wood from n a t u r a l  f o r e s t s  can cause d i f f i c u l t i e s  because 
t h e i r  hardness ,  h igher  d e n s i t y ,  and t h e  presence i n  some samples of high 
con ten t s  of a b r a s i v e  m a t e r i a l s  such a s  s i l i c a ,  l e ad  t o  h igher  power 
consumption and g r e a t e r  wear on chipper  knives .  I n  a d d i t i o n ,  i r r e g u l a r  
s i z e  and shape of wood from n a t u r a l  f o r e s t s  make i t  more l i k e l y  t h a t  
t h i s  m a t e r i a l  would need some pre t rea tment ,  such a s  s p l i t t i n g ,  be fo re  
chipping;  by c o n t r a s t ,  t h e  more uniform p l a n t a t i o n  m a t e r i a l  would be grown 
on a  r o t a t i o n  and e l imina t e  t h i s  requirement.  

COMPARISON OF WOOD FROM MIXED HARDWOOD FORESTS AND PLANTATIONS 

The most obvious d i f f e r e n c e  between wood from n a t u r a l  hardwood f o r e s t  and 
p l a n t a t i o n s  i s  t h e  d e n s i t y .  A s  might be expected from a  f o r e s t  conta in ing  
w e l l  over  100 s p e c i e s ,  t h e  prospec ts  a r e  t h a t  t h e  wood d e n s i t y  w i l l  vary 
widely and va lues  from under 200 kg/m3 t o  over 1,000 kg/m3 have been 
quoted. I n  our experience a t  TPI, t h e  wood a v a i l a b l e  f o r  e x p l o i t a t i o n  
tends  towards t h e  upper end of t h e  range ,  because t h e  low d e n s i t y  trees 
a r e  u s u a l l y  t h e  f i r s t  t o  become r ee s t ab l i shed  when a  f o r e s t  a r e a  is 
c l e a r e d ,  bu t  they a r e  s h o r t  l i v e d  and e a s i l y  suppressed when t h e  more 
robus t  and more dense trees become e s t ab l i shed .  

Thus t h e  mean d e n s i t y  of a  sample of wood from South America was 735 kg/m 
3 

wi th  v a l u e s  i n  t h e  range of 423-920 kg/m3. This  is one r e s p e c t  i n  which 



Table 4.--Comparison of digestion conditions and pulp strengths (USA mixed hardwoods = 100). All 
cooks: 25% sulphidity, 170' C maximum temperature and 5:l liquor to wood ratio 

Digest ion conditions 
Tropical Mixed Eucalyptus Eucalyptus Gmelina arborea 
mixed USA Beech saligna camaldulensis 
hard- hard- 

- 
llighes t Lowest 

woods woods yield yield 
................................................................................................... 

Active alkali as Na20 on 
ovendry wood 17.5 20 15 15 15 15 15 15 

Time to reach maximum 
temperature, hours 2 2 1 1 1 1 1 1 

Time at maximum temperature, 
hours 2 2 2 2 2 2 2 2 

YIELD OF PULP 

Ovendry digested pulp, 
percent ovendry wood 46.7 45.4 49.4 49.8 51.7 

Ovendry screened pulp, 
percent ovendry wood 46.0 45.2 47.8 45.2 51.0 

Ovendry screenings, percent 
ovendry wood .7 .2 1.6 4.6 .7 

Kappa number 28.4 24.6 27.6 23.2 23.7 

PULP STRENGTH AT 300 C.S.F. 

Beating time in p.f.i. mill 127 130 100 113 102 67 9 6 104 
Tensile strength 81 78 100 9 0 105 9 9 110 108 
Bursting strength 68 62 100 8 7 104 9 2 111 104 
Tearing strength 99 103 100 7 9 8 9 87 90 100 



mixed f o r e s t s  from d i f f e r e n t  p a r t s  of t he  world d i f f e r ;  mixed samples 
from va r ious  l o c a l i t i e s  i n  Papua New Guinea had d e n s i t i e s  of between 
431 and 498 kg/m3 (Iliggins e t  a l .  1973). By c o n t r a s t  w i t h  t h i s  v a r i a t i o n  
i n  t h e  n a t u r a l  f o r e s t ,  it is poss ib l e  t o  s e l e c t  spec i e s  t o  grow i n  
p l a n t a t i o n s  wi th  f a i r l y  uniform d e n s i t i e s  i n  t he  range of 400-550 kg/m3. 

The main d i f f e r e n c e  i n  chemical composition between woods from n a t u r a l  
f o r e s t s  and p l a n t a t i o n s  i s  t h a t  t h e  former tend t o  have higher  a sh  content  
and t h e  a s h  con ta ins  more s r l k a .  

The mixed hardwoods a l s o  tend t o  be harder .  A t  TPI we have not  been a b l e  
t o  quan t i fy  t h i s  f a c t o r ,  bu t  we d i d  have much more d i f f i c u l t y  i n  sawing and 
chipping samples from n a t u r a l  f o r e s t s  i n  South America than  i n  any 
p l a n t a t i o n  spec i e s  we have examined. These f a c t o r s  a r e  important no t  
only i n  chipping,  a s  mentioned above, bu t  a l s o  i n  d i g e s t i o n  because t h e  
higher  a s h  con ten t ,  and aga in  t h e  high s i l i c a  con ten t ,  makes t h e  e f f i c i e n t  
opera t ion  of t h e  recovery system more d i f f i c u l t .  

COMPARISON OF PULPS FROM MTXED HARDWOODS AM) OTHER PULPWOODS 

Ease of Digest ion 

I n  work a t  TPI, a  mixture was prepared of s i x  spec i e s  of wood i n  t h e  pro- 
po r t ion  they were found i n  t h e  f o r e s t .  This  mixture was pulped by the  
su lpha te  process ,  and t h e  d i g e s t i o n  condi t ions  and pulps obtained were 
compared wi th  those f o r  two hardwoods o f t e n  used f o r  pulping and f o r  some 
hardwood spec i e s  grown i n  p l a n t a t i o n s  i n  t h e  t r o p i c s .  The r e s u l t s ,  given 
i n  t a b l e  4 ,  show t h a t  t h e  mixed hardwoods needed more severe  d i g e s t i o n  
condi t ions  i n  terms of chemical charge and d iges t ion  time. The mixed 
t r o p i c a l  hardwood needed longer  d i g e s t i o n  t i n e  p r i n c i p a l l y  because i t  was 
more d i f f i c u l t  f o r  t h e  cooking l i q u o r  t o  pene t r a t e  t hese  samples; when t h e  
temperature was r a i s e d  r a p i d l y  t o  t h a t  requi red  f o r  d iges t ion ,  t h e r e  was 
an  excess ive  amount of sc reening  r e j e c t s .  

Inves t iga t ions  were made i n  Braz i l  t o  compare mixed hardwoods from the  
Amazon a r e a  wi th  plantation-grown euca lypts ,  and a l s o  i n  A u s t r a l i a ,  where 
hardwoods from Papua New Guinea were compared wi th  euca lyp t s  used 
commercially i n  Aus t r a l i a .  They a l s o  repor ted  t h a t  t h e  mixed hardwoods 
needed more severe  pulping condi t ions  (Correa e t  a l .  1974, Higgins e t  a l .  1973). 

Yield of Pulp 

Inves t iga t ions  a t  t h e  TPI have shown t h a t  a t  cons tan t  kappa number t h e  
y i e l d  of pulp from mixed t r o p i c a l  hardwoods was lower than t h a t  from 
temperate hardwoods and from most hardwoods grown i n  p l a n t a t i o n s  i n  t h e  
t r o p i c s .  

The d i f f e r e n c e  can be a s  much a s  5  o r  6% (dry pulp o r  dry  wood) when compared 
wi th  t h e  b e s t  y i e l d s  obtained from spec ie s  grown i n  p l a n t a t i o n s .  Again these  
f ind ings  ag ree  wi th  those  of i n v e s t i g a t i o n s  i n  B r a z i l  and Aus t r a l i a .  



Quali ty of Pulp 

I n  order  t o  compare t h e  q u a l i t y  of pulps from mixed t r o p i c a l  hardwoods 
with t h a t  from temperate-grown hardwoods and from hardwood spec ie s  grown 
i n  p l a n t a t i o n s  i n  the  t rop ic s ,  t a b l e  4  g ives  some s t r eng th  c h a r a c t e r i s t i c s ,  
compared on t h e  b a s i s  of pulp from United S t a t e s  southern hardwoods a s  100. 
The pulps from mixed t r o p i c a l  hardwoods were more d i f f i c u l t  t o  bea t ,  
wh i l s t  those  from p l a n t a t i o n s  were the  same o r  e a s i e r .  The t e n s i l e  and 
bur s t ing  s t r e n g t h  of t h e  pulps from mixed t r o p i c a l  hardwoods were lower, 
wh i l s t  those of t he  pulps from t h e  plantation-grown spec ies  were equal 
o r  higher .  The t e a r i n g  s t r e n g t h  of pulps from both t h e  t r o p i c a l  and 
United S t a t e s  mixed hardwoods were equal ,  wh i l s t  t h e  pulps from t h e  
plantation-grown spec ie s  had a  lower t e a r i n g  s t r eng th .  

These r e s u l t s  i n d i c a t e  t h a t  t he  only t echn ica l  advantage pulps from mixed 
hardwood spec ie s  have over pulp from hardwoods grown i n  p l a n t a t i o n s  i n  
t h e  t r o p i c s  a r e  higher  t e a r i n g  s t r e n g t h  and higher bulk  of pulp shee t s .  
Again these  r e s u l t s  a r e  i n  general  agreement wi th  those  reported i n  Braz i l  
and Aus t r a l i a  (Correa e t  a l .  1974, Higgins e t  a l .  1973). 

Cost of Wood 

An argument made f requent ly  f o r  t h e  use  of mixed f o r e s t  is t h e  importance 
of u t i l i z i n g  a l l  t h i s  "free" c e l l u l o s e .  However, t h i s  is  a  doubt fu l  
argument. I n  i t s  favour i s  the  f a c t  that t o  e s t a b l i s h  p l an ta t ions ,  
land must be acquired,  c l ea red ,  and planted.  A l l  of t h i s  involves 
c a p i t a l  c o s t s  and i n t e r e s t  charges wi th  no r e t u r n  u n t i l  t he  f i r s t  
r o t a t i o n  i s  f e l l e d .  Also, wi th  n a t u r a l  regenera t ion ,  t h e r e  a r e  no 
r ep lan t ing  c o s t s .  

Against t h i s  argument a r e  seve ra l  case s t u d i e s  c a r r i e d  out  f o r  FA0 i n  
Afr ica  which i n d i c a t e  t h a t  t h e  cos t  of pulpwood grown i n  p l a n t a t i o n s  
(measured by volume) de l ivered  a t  a  pulp m i l l  w i l l  be l e s s  than t h a t  of 
mixed hardwoods; t he  cos t  of t h e  more d i f f i c u l t  harves t ing ,  together  wi th  
the  need t o  e x p l o i t  a  l a r g e r  a rea ,  more than compensates f o r  the  cos t  of 
e s t a b l i s h i n g  p l a n t a t i o n s  ( S t r e y f f e r t  1968). I n  the  case  of hardwood 
p lan ta t ions ,  t h e  c o s t  of the  second and subsequent crops is  reduced by 
the  f a c t  t h a t  regrowth ( a t  l e a s t  fo r  a  number of spec ies)  i s  by coppice 
growth, not  r ep lan t ing .  

It would be necessary t o  s tudy s p e c i f i c  proposals  t o  e s t a b l i s h  t h a t  t h e  
c o s t  of p l an ta t ion  wood de l ivered  t o  the  m i l l  i s  l e s s  than t h a t  of 
n a t u r a l  f o r e s t  wood. However, t he  number of s t u d i e s  showing t h a t  85-90% 
of the c o s t  of wood de l ive red  t o  the  m i l l  is  t h e  c o s t  of harves t ing  and 
t r anspor t ,  makes i t  l i k e l y  t h a t  the  conclusions reached i n  African case  
s t u d i e s  hold widely i n  t r o p i c a l  count r ies .  

CONCLUSIONS 

This comparison of t h e  r e l a t i v e  mer i t s  of using wood from n a t u r a l  grown 
mixed f o r e s t s  and s p e c i a l l y  es tab l i shed  p l a n t a t i o n s  f o r  use  a s  raw 



m a t e r i a l  i n  t h e  manufacture of pu lp  and paper shows t h a t  t h e  balance of 
c o s t  and t e c h n i c a l  advantages l i e  wi th  t h e  p l a n t a t i o n s .  I n  o rde r  t o  r a i s e  
some of t h e  c a p i t a l  and t o  c l e a r  land f o r  p l a n t a t i o n s ,  i t  n)ay be necessary 
t o  use  t h e  mixed f o r e s t .  f t  i s  poss ib l e  t o  produce pulp from them, bu t  
t h i s  pulp w i l l  be of lower q u a l i t y  and probably higher  c o s t ,  though t h i s  
may be regarded a s  an accep tab l e  short-term commercial r i s k .  Other u s e s  
t h a t  do n o t  involve t h e  high c a p i t a l  investment of a pulp m i l l  might be 
considered;  un fo r tuna t e ly ,  i t  is d i f f i c u l t  t o  t h i n k  of a l t e r n a t i v e  u s e s  
t h a t  would consume t h e  l a r g e  q u a n t i t y  of wood t h a t  could be used by a  
pulp m i l l .  
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FOREST INDUSTRY DEVELOPMENT TN SOUTHEAST ASIA 

One Company's Experience and Observat ions 

J a c k  R. Schoening 

I work w i t h  Weyerhaeuser Company, one of t h e  l a r g e s t  p r i v a t e  f o r e s t  
product companies i n  t h e  world. Weyerhaeuser has  ex t ens ive  land and 
timber ho ld ings  wi th  a s s o c i a t e d  manufacturing f a c i l i t i e s  throughout t h e  
United S t a t e s ,  Canada, and Southeast  Asia .  Today I would l i k e  t o  
exchange some thoughts  and experiences w i th  you regard ing  t h e  t imber 
i n d u s t r y  i n  Southeast  Asia .  

Weyerhaeuser Company's f i r s t  ven ture  i n t o  t h e  f o r e s t  i n d u s t r y  of 
Southeast  Asia  began i n  1966 wi th  t he  a c q u i s i t i o n  of a company i n  t h e  
P h i l i p p i n e s  l oca t ed  on the  i s l a n d  of Mindanao, and a company i n  Malaysia 
l oca t ed  on t h e  e a s t  c o a s t  of Sabah. These companies were a c t i v e  
ope ra t i ons  w i th  much of t h e  i n i t i a l  development completed a t  t h e  time 
of a c q u i s i t i o n .  In  a d d i t i o n ,  t h e  f o r e s t  i n d u s t r i e s  of bo th  Malaysia 
and t h e  Ph i l i pp ines ,  a l though s t i l l  developing,  had been growing f o r  
some y e a r s  s o  many of t h e  developmental i s s u e s  I w i l l  d i s c u s s  today were 
no t  experienced i n  t h e s e  ope ra t i ons .  Today, I w i l l  focus on our 
Company's experience i n  Indonesia .  

S t a r t i n g  i n  1966, t h e  Government of Indonesia  made p o l i t i c a l ,  s o c i a l ,  
and economic s t a b i l i z a t i o n  i t s  f i r s t  p r i o r i t y .  To encourage develop- 
ment of  Indones ia ' s  v a s t  f o r e s t s  and o t h e r  r e sou rces ,  the  Foreign 
C a p i t a l  Investment Law was c r ea t ed .  This  opened t h e  way f o r  fo re ign  
c a p i t a l ,  technology, and s k i l l  t o  be e f f e c t i v e l y  employed t o  r each  many 
Nat iona l  goa ls .  

I n  1968, Weyerhaeuser Company began i n v e s t i g a t i n g  f o r e s t r y  development 
i n  Indonesia .  This  r e s u l t e d  i n  t h e  formation of P. T. Weyerhaeuser 
Indonesia  i n  1971 t o  develop a 95,000-hectare timber l i c e n s e  a r e a  n o r t h  
of Balikpapan i n  t h e  Province of Eas t  Kalimantan, encompassing t h e  
e a s t e r n  po r t i on  of t h e  I s l a n d  of Borneo. La t e r  t h a t  same yea r ,  
Weyerhaeuser Company acqui red  a major i ty  i n t e r e s t  i n  P. T. I n t e r n a t i o n a l  
Timber Corporat ion Indones ia ,  a j o i n t  ven tu re  ho ld ing  a 20-year f o r e s t r y  
l i c e n s e  on an ad j acen t  601,000 hec t a r e s .  This  a c q u i s i t i o n  l ead  t o  t h e  
development of t h e  l a r g e s t  and most p roduct ive  timber ope ra t i on  i n  a l l  
of Indonesia .  

Of course ,  be fo re  acqu i r ing  these  prospec t ive  ope ra t i ons ,  d e t a i l e d  
ana lyses  and p lanning  work was done t o  a i d  t h e  decision-making process .  
Immediately fol lowing a c q u i s i t i o n ,  t h e  planning process  was i n t e n s i f i e d .  
These p l ans  were ve ry  d e t a i l e d  and comprehensive, which I w i l l  no t  go 
i n t o  today. However, i n  t h i s  e n t i r e  process  t h e r e  were some ve ry  b a s i c  
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and fundamental management dec i s ions  made t h a t  a r e  worth reviewing. 
These major d e c i s i o n s  served a s  the principal gu ide l ines  f o r  s h o r t  and long- 
t e r m  ope ra t i ng  s t r a t e g y  and formed t h e  framework f o r  t h e  d e t a i l e d  planning.  

YEAR AROUND OPERATION--STABILITY 

From t h e  beginning,  a p r i n c i p a l  o b j e c t i v e  was t o  supply a s teady  flow 
of raw m a t e r i a l  from t h e  logging ope ra t i ons .  This  would enable  us  t o  
b e t t e r  manage t h e  marketing, s t r u c t u r e  a l l  a s p e c t s  of t h e  02e ra t i ons  i n  
t h e  most e f f e c t i v e  way, and provide a s t eady  on-going flow of income 
t o  a l l  our employees. 

Up t o  t h a t  t i m e ,  t h e  t y p i c a l  Kalimantan ope ra t i on  w a s  a h igh ly  s ea sona l  
one. The r a i n f a l l  i n  t h e  reg ion  ranges from 250 t o  350 cm per year .  This  
p r e c i p i t a t i o n  v a r i e s  s ea sona l ly ,  bu t  enough r a i n  can be experienced 
even i n  t h e  d r y  months t o  s e r i o u s l y  a f f e c t  product ion.  Pe r iods  of r a i n  
f o r  30 t o  60 days may s t o p  product ion completely.  This  i s  f u r t h e r  com- 
pounded as t h e  t ruck  haul ing  d i s t a n c e s  i nc rease .  A s  a genera l  r u l e ,  a 
d i r t  road ope ra t i on  can func t ion  f a i r l y  e f f i c i e n t l y  up t o  25 k i lometers .  
However, when t ruck  hau l s  extend ou t  t o  50 o r  70 k i lome te r s ,  o r  more, 
d i r t  road ope ra t i ons  i n  t h e  t r o p i c s  become almost impossible  because on 
almost any given day some s e c t i o n  of t h e  road is exper ienc ing  r a i n .  Our 
average haul  d i s t a n c e  t h i s  yea r  i s  approximately 75 k i lometers .  

Therefore ,  at t h e  o u t s e t ,  rock c rushe r s  and a s soc i a t ed  equipment w e r e  
employed t o  enable  u s  t o  b a l l a s t  a l l  of t h e  major hau l  roads.  Th i s  
provided a permanent a l l -weather  rocked road system t o  m e e t  a l l  s h o r t  
and long-term o b j e c t i v e s .  To support t h e  logging  requirement ,  w e  are 
b u i l d i n g  approximately 250 k i lome te r s  of road each year .  

SUPPOXTING INFRASTRUCTURE 

The d e c i s i o n  was made t h a t  complete suppor t ing  i n f r a s t r u c t u r e  would be  
provided f o r  a l l  employees and t h e i r  f ami l i e s .  Rather than bu i ld ing  j u s t  
a camp p r i n c i p a l l y  t o  suppor t  t he  ope ra t i ons ,  a long-term complete commu- 
n i t y  w a s  planned. The t y p i c a l  ope ra t i on  concentrated on f a c i l i t i e s  such 
a s  o f f i c e s ,  maintenance shops, warehouses, and l o g i s t i c a l  suppor t .  W e  
immediately planned and developed complete f a c i l i t i e s  f o r  bachelor  and 
married employees. These included housing, schools ,  h o s p i t a l ,  s t o r e s ,  
p l aces  of worship,  and r e c r e a t i o n  wi th  t r e a t e d  water ,  sewerage d i s p o s a l ,  
and e l e c t r i c i t y  provided t o  a l l .  

STAGED DEVELOPMENT 

The master  p lan  envisaged a s taged development broken down i n t o  two 
major phases.  Phase I inc luded ,  b a s i c a l l y ,  t he  development of a l o g  
producing ope ra t i on  of a t  l e a s t  100,000 ~3 per  month and t h e  cons t ruc t ion  
of t h e  i n f r a s t r u c t u r e  i nc lud ing  community development t o  suppor t  t h a t  
raw m a t e r i a l  flow. The major elements of Phase I were completed w i t h i n  
18  months. 



Phase I1 of t h e  proposed development encompassed a n a l y s i s  f o r  and 
development of manufacturing f a c i l i t i e s .  This  whole i s s u e  was f u r t h e r  
broken down i n t o  va r ious  types of wood processing p l an t s .  Af t e r  cons iderable  
a n a l y s i s ,  the plan  developed c a l l e d  f o r  Step I ,  cons t ruc t ion  of a  s a w m i l l ,  
t o  be  followed by Step 11, wi th  t h e  buf ld ing  of a  dry  veneer f a c i l i t y ,  a 
poss ib l e  doubling of sawmill capac i ty ,  and a d d i t i o n  of a  chipping p l a n t  
f o r  t h e  production of wood ch ips .  Longer range, Step 111, incorpora ted  
some type of f i b e r  o r  pa r t i c l eboa rd  p l a n t .  

Obviously, manufacturing f a c i l i t y  proposals  a r e  s t rong ly  a f f e c t e d  by 
demands and market cond i t i ons  f o r  those products  produced. With a  
p o s i t i v e  econornic environment i n  1973, engineering and a c t u a l  s i t e  
p repa ra t ion  work w a s  s t a r t e d  l a t e  t h a t  year  on Step I. However, t h e  
worldwide economic r eces s ion ,  beginning i n  e a r l y  1974, and a s soc i a t ed  
decreased demand f o r  most wood products ,  forced the  de lay  of t he  sawmill 
f a c i l i t y .  Economic recovery h a s  been very slow. However, a c t u a l  
cons t ruc t ion  of t h e  sawmill began i n  1977, w i th  s t a r t u p  scheduled f o r  
1978. 

The o t h e r  s t e p s  i n  Phase I1 a r e  s t i l l  planned. Given t h e  app ropr i a t e  
s e t  of economic f a c t o r s ,  t hese  f a c i l i t i e s  a l s o  w i l l  become a r e a l i t y .  

UTILIZATION 

Another major management dec i s ion  and philosophy t h a t  t h reads  throughout 
t h e  planning process  i n  t h i s  opera t ion  is t h a t  good u t i l i z a t i o n  of a l l  
s p e c i e s  and l o g  grades (qua l i t y )  i s  t h e  corners tone  of i n t e l l i g e n t  
f o r e s t  resource  development and long-term management. 

Our i n i t i a l  exposure t o  t h e  then e x i s t i n g  f o r e s t  ope ra t ions  i n  Southeast  
Asia i n  t h e  mid t o  l a t e  1960's revealed a very low l e v e l  of u t i l i z a t i o n .  
U t i l i z a t i o n  s tandards  were being s t rong ly  inf luenced by markets,  customer 
demands, t r a d i t i o n ,  logging methods, and t r a n s p o r t a t i o n  r e s t r a i n t s .  
Fores t  s t a n d s  wi th  g ros s  volumes upwards t o  150 ~3 per h e c t a r e  o f t e n  
produced u t i l i z e d  volumes running a s  low a s  20 ~3 per  hec tare .  Of 
course ,  t he  s e l e c t i v e  logging s i l v i c u l t u r a l  systems widely employed 
accounted f o r  a  l a r g e  propor t ion  of t h e  g ros s  volume being l e f t .  
However, t h e r e  were s i g n i f i c a n t  q u a n t i t i e s  of l e s s  d e s i r a b l e  spec i e s ,  
o r  lower q u a l i t y  m a t e r i a l  i n  d e s i r a b l e  spec i e s  t h a t  were l e f t  uncut o r  
l e f t  i n  t h e  woods a f t e r  c u t t i n g ,  even wi th in  t h e  bounds of a  s i l v i -  
c u l t u r a l l y  sound s e l e c t i v e  c u t t i n g  system. 

On a h i s t o r i c a l  b a s i s ,  t h e  f o r e s t  products  i n d u s t r i e s  i n  every country 
have followed a t rend from ve ry  poor u t % l i z a t i o n ,  i n  e a r l y  s t a g e s  of 
development, t o  a  very h igh  u t i l i z a t i o n  l e v e l  a s  i n d u s t r y  and t h e  
economy matures. 

However, we were determined, from t h e  beginning, t o  i nc rease  t h e  l e v e l  
of u t i l i z a t i o n  a s  high and quick ly  a s  poss ib l e .  Even i n  Phase I of our  
development, where we were j u s t  a  l o g  producer,  u t i l i z a t i o n  could be 



b e t t e r  managed by employing proper logging  techniques,  t r a n s p o r t a t i o n  
f a c i l i t i e s ,  and development of markets. 

For example, up t o  10% of t h e  p o t e n t i a l l y  commerc2al spec i e s  i n  t h e  
Eas t  Kalimantan timber s t a n d s  a r e  "s inkers ."  These spec i e s  produce logs  
t h a t  w i l l  no t  f l o a t .  Therefore ,  they cannot e a s i l y  be r a f t e d  f o r  t r ans -  
p o r t a t i o n  t o  t h e  f i n a l  d e s t i n a t i o n .  Consequently, i n  a t y p i c a l  ope ra t i on ,  
t h e s e  s p e c i e s  were e s s e n t i a l l y  ignored.  I n  t h e  p r i n c i p a l  log-.producing 
a r e a  of our  l i c e n s e  a r e a ,  a dock f a c i l i t y  and l o g  yard was cons t ruc t ed  
and, i n  combination wi th  l a r g e  barges ,  w e  were a b l e  t o  e f f i c i e n t l y  handle  
t h e s e  spec i e s .  

Market p e n e t r a t i o n  and development f o r  l e s s e r  known spec i e s ,  o r  lower 
q u a l i t y  l o g s ,  was of extreme importance t o  u t i l i z a t i o n .  We found a t  t h e  
o u t s e t  t h a t  many f i n e  woods e x i s t e d  t h a t  were e i t h e r  t o t a l l y  unknown, 
o r  t h a t  some s p e c i e s  had a n  undeserved, unfavorable  r e p u t a t i o n  i n  t h e  
market p lace .  Our marketing people  were a b l e  t o  overcome t h i s  l a c k  of 
knowledge o r  misunderstanding, w i th  t h e  r e s u l t  t h a t  many of t h e s e  s p e c i e s  
became h igh ly  d e s i r a b l e  a s  t h e s e  new markets developed. 

Lower q u a l i t y ,  more d e f e c t i v e  l ogs  were a l s o  v igorous ly  promoted i n  t h e  
market p l ace  w i th  a f u r t h e r  i nc rease  i n  u t i l i z a t i o n .  Of course ,  a s  
demands change, t h i s  more marginal l o g  i s  more s u b j e c t  t o  change than 
t h e  higher  q u a l i t y  logs .  With h igh ,  o v e r a l l  demand, t h e  marginal  l o g  is  
p r o f i t a b l e ,  whereas i n  low markets t h i s  marginal  l o g  cannot be s o l d  a t  
breakeven, o r  s o l d  a t  a l l .  

A combination of t he se  f a c t o r s  has  enabled us  t o  ach ieve  u t i l i z a t i o n  
l e v e l s  of 60 t o  7 5  ~3 per  h e c t a r e  a s  a l o g  producer i n  Phase I of our 
development. 

UT IL IZAT I011 EXAMPLE 

Following a number of s t u d i e s ,  Weyerhaeuser Company developed some 
t y p i c a l  case  examples t o  i l l u s t r a t e  u t i l i z a t i o n  l e v e l s  i n  d i f f e r e n t  types  
of ope ra t i ons .  

A t y p i c a l  s tand  of  v i r g i n  timber on an Eas t  Kalimantan timber l i c e n s e  
a r e a  would c o n s i s t  of 7 7  M~ pe r  hec t a r e  of a l l  s p e c i e s  over 5 0  cm DBH. 
Let  u s  look a t  t h e  u t i l i z a t i o n  on t h a t  average 7 7  1.1~. 

D i r t  Road Logging 

The d i r t  road logger  is  mechanized, b u t  o p e r a t e s  on d i r t  roads 
on ly .  H e  t r a d i t i o n a l l y  h a u l s  t o  a r i v e r ,  where he dumps and 
r a f t s  t h e  l ogs .  Roads a r e  b u i l t  and ~ a i n t a i n e d  wi th  good dra inage  
so  t h a t  they w i l l  dry qu ick ly  i n  t h e  sun. However, because t h e  
roads  are not  of a permanent na tu re ,  necessary  logging of by- 
passed a r e a s  and f o r e s t r y  work is  very  d i f f i c u l t  t o  do. 



R a i n f a l l  p a t t e r n s  make i t  d i f f i c u l t  f o r  d i r t  road logge r s  t o  
ha rves t  more than 25 ki lometers  from a r i v e r .  They a l s o  must 
l i m i t  most of t h e i r  logging  t o  b e t t e r  ground, bypassing 
s t e e p  a r e a s  where roads  seldom d r y  ou t .  

D i r t  road logging  is seasona l  i n  n a t u r e ,  aga in  because of w e t  
roads.  A s  a r e s u l t ,  many ope ra t i ons  func t ion  on a piecework 
b a s i s  t o  encourage maximum product ion when they do work. 

A t y p i c a l  d i r t  road logger  ope ra t i ng  on a sma l l  l i c e n s e  a r e a  
does not  normally remove s i n k e r s  o r  low-quality trees. Cu t t i ng  
and sk idding  a r e  c l o s e l y  coordinated s o  t h a t  very few low- 
q u a l i t y  l o g s  a r e  produced. P a r t i c u l a r l y  under piecework, no 
trees which have i n d i c a t o r s  of low grade a r e  c u t .  

Our s t u d i e s  i n d i c a t e d  t h a t  t h e  d i r t  road logger  i n  an  average 
market removed about 472 o r  36 M3 from t h e  t y p i c a l  h e c t a r e  w i th  
77  M3 a v a i l a b l e .  

Cont rac tors  

I n  a d d i t i o n  t o  t h e i r  own small- l icense ope ra t i ons ,  d i r t  road 
logge r s  a l s o  ope ra t e  a s  logging c o n t r a c t o r s  f o r  l a r g e r  ope ra to r s .  
I n  t h i s  r o l e ,  t h e i r  u t i l i z a t i o n  s tandards ,  s p e c i f i e d  by t h e  
l i c e n s e  ho lde r ,  a r e  somewhat b e t t e r  than those  on smal l  ope ra t i ons .  
U t i l i z a t i o n  he re  rises t o  58% o r  45 PI3 of t he  t o t a l  s tand  volume. 

D i r t  road logge r s  w i l l  probably always have a p l ace  i n  Indonesian 
logging.  A s  they complete t h e i r  logging  near  t he  r i v e r s ,  they 
w i l l  be used t o  l o g  i n l and  a r e a s ,  b r ing ing  t h e  l ogs  t o  a l l -weather  
roads  b u i l t  and maintained by t h e  major l i c e n s e  ho lde r s .  

This  change w i l l  see more of them i n  t h e  r o l e  of c o n t r a c t o r s  on 
major l i c e n s e  a r e a s .  Over t i m e ,  t h e  l e v e l  of u t i l i z a t i o n  p rac t i ced  
by t h i s  type of logger  w i l l  improve a s  i t  is s p e c i f i e d  by t h e  
l i c e n s e  ho lder .  

A l l  Weather Logging 

Only a few major l i c e n s e  ho lders  bu i ld  permanent, a l l -weather  
roads  on which t o  o p e r a t e .  They a l s o  u se  t h e  most modern logging 
equipment, from cha in  saws and mechanical sk idde r s  t o  powerful 
l o a d e r s  and l a r g e  logging t rucks .  With such roads  and equipment, 
t h e  major ope ra to r  is  a b l e  t o  remove most of t h e  volume from each 
hec t a r e .  The ha rves t  o f  more s p e c i e s ,  and t h e  h igher  degree of 
mechanization, a l low t h e  al l -weather  logger  t o  remove more grades 
of each  s p e c i e s  than t h e  d i r t  road logger  can a f f o r d .  

Log u t i l i z a t i o n  i s  of utmost importance t o  t h e  al l -weather  
ope ra to r  because of h i s  l a r g e  f i x e d  c o s t  load  t h a t  r e s u l t s  from 



t h e  i n f r a s t r u c t u r e .  His  investment i n  i n f r a s t r u c t u r e  provides  
bo th  t h e  ABILITY t o  remove maximum volume per  h e c t a r e  and t h e  
NEED t o  remove maximum volume per  hec t a r e .  

Because of t h i s ,  t h e  a l l -weather  logger  removes 84% o r  65 b13 
from t h e  t y p i c a l  s tand.  

I n  summary, from our t h r e e  types  of logging ope ra t i ons ,  we have removals 
of 36 M3, 45 M3, and 65 M3 from our  t y p i c a l  h e c t a r e  of 77 113. Assuming 
a  l o g  va lue  of $40/M3, the  d i f f e r e n c e s  i n  t o t a l  va lue  per  h e c t a r e  of 
removals by t h e  d i f f e r e n t  types  of ope ra t i ons  a r e  s u b s t a n t i a l ,  w i th  va lues  
of $1,440, $1,800, anu $2,600 per  hec t a r e  i n  each r e s p e c t i v e  case.  

FURTHER DfPROVDlENT THROUGH CONVERSION 

A s  I mentioned e a r l i e r ,  i n  our  planned Phase I1 which d e a l t  wi th  manu- 
f a c t u r i n g  f a c i l i t i e s ,  our  scheduled f i r s t  s t e p  was a  sawmill ,  which i s  
now under cons t ruc t ion .  Th i s  sequence was d e l i b e r a t e l y  planned t o  
enable  us  t o  ga in  t he  l a s t  incremental  i n c r e a s e  t o  u t i l i z a t i o n  a s  
qu ick ly  a s  pos s ib l e .  A sawmill  has  t h e  p o t e n t i a l  t o  u t i l i z e  lower 
q u a l i t y ,  h igh ly  d e f e c t i v e  l o g s  and s t i l l  produce a  marketable product ;  
whereas by t h e  n a t u r e  of t h e  processes  involved and market demands, t h e  
plywood indus t ry  i s  s t r o n g l y  o r i en t ed  t o  high-qual i ty  logs--the same 
h igh-qua l i ty  l o g s  t h a t  a l r e a d y  have a  favored p o s i t i o n  i n  t h e  market p lace .  

A sawmill  l oca t ed  c l o s e  t o  t h e  raw m a t e r i a l  source  can a l s o  u s e  t h e  very  
h igh ly  d e f e c t i v e  l o g s ,  which may not  be a b l e  t o  pay t h e i r  own sh ip  t r ans -  
p o r t a t i o n  even under t h e  b e s t  of market condi t ions .  To i l l u s t r a t e ,  a  
100% sound l o g  worth $40114~ a t  producing po in t  wi th  $ 1 8 1 ~ 3  sh ipping  c o s t  
would be valued a t  $ 5 8 1 ~ 3  a t  f i n a l  d e s t i n a t i o n .  A l o g  on ly  40% sound 
would have n e t  sh ipp ing  c o s t s  of approximately $45/M3 because sh ipping  
c o s t s  a r e  a func t ion  of space r e s t r a i n t s  a s  w e l l  a s  weight.  With a  wood 
va lue  of $ 4 0 1 ~ 3  a t  sh ipp ing  po in t  and sh ipping  c o s t s ,  t he  t o t a l  de l i ve red  
c o s t  would be $ 8 5 1 ~ 3 .  Assuming t h e  market va lue  a t  d e s t i n a t i o n  f o r  t h e  
100% sound l o g  i s  app rop r i a t e ,  t h e  maximum any buyer could pay f o r  t he  
40% sound l o g  a t  t h e  producing po in t  would be  $ 1 3 1 ~ 3  which most l i k e l y  
would be s u b s t a n t i a l l y  below producing c o s t s .  The only  s o l u t i o n  t o  t h e  
dilemma of d e f e c t i v e  l o g s  i s  t o  manufacture them a s  c l o s e  t o  t h e  stump 
a s  pos s ib l e .  

A combination of en l igh tened  government a c t i o n s ,  management s k i l l s ,  
employment of technology, and a p p l i c a t i o n  of c a p i t a l  has  produced a  r a t e  
of development progress  t h a t  f a r  exceeds any h i s t o r i c a l  t rends .  Indonesia  
has  experienced spec t acu l a r  progress  i n  development of i t s  f o r e s t  resources  
i n  a  few b r i e f  years .  

With cont inu ing  good management and s t a b i l i t y ,  even f u r t h e r  progress  a t  
equa l  o r  h igher  r a t e s  i s  v e r y  f e a s i b l e .  The f o r e s t  r e sou rces  of t h i s  
Region can become, on a cont inu ing  b a s i s ,  a major s u p p l i e r  of wood and 
wood products  f o r  n o t  on ly  in-country consumption, b u t  worldwide t r a d e .  
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SUMMARY 

Cost advantages i n  logging  and t r anspo r t  of improved u t i l i z a t i o n  of 
t r o p i c a l  f o r e s t s  a r e  cons ide rab l e  up t o  a y i e l d  of around 50 cubic  meters 
per  h e c t a r .  Above t h a t ,  they  f ade  o f f .  

However, ve ry  high u t i l i z a t i o n  of a t r o p i c a l  f o r e s t  is o f t e n  l i nked  t o  
bo th  pu lpmi l l  es tab l i shment  and more i n t e n s e  forms of f u t u r e  land use.  
A change from "explo i ta t ion"  f o r e s t r y  t o  "sustained y i e ld"  f o r e s t r y  t a k e s  
p l ace  from t h e  po in t  of view of economics. Investments i n  i n f r a s t r u c t u r e ,  
roads ,  and o the r  permanent i n s t a l l a t i o n s  w i l l  s e r v e  no t  on ly  i n  t h e  
ha rves t i ng  of t h e  "virgin"  c rop  but  a l s o  i n  f u t u r e  croppings,  which may 
f a l l  ou t  much c l o s e r  i n  t i m e .  The c o s t s  of t he se  i t e m s  per u n i t  of wood 
can then d r a s t i c a l l y  decrease.  

Some problems r e l a t e d  t o  l o c a t i o n  of t h e  f o r e s t s ,  wood spec i e s ,  tree s i z e ,  
and spec i e s  mix a r e  b r i e f l y  e labora ted  upon. 

The ho t  and humid work environment reduces man's capac i ty  f o r  heavy work. 
Attempts, i n  r e sea rch  and p r a c t i c e ,  t o  combat hea t  stress should have 
very  h igh  p r i o r i t y  i n  developments i n  t r o p i c a l  f o r e s t r y .  



IMPLICATIONS OF IMPROVED UTILIZATION OF 

TROPICAL FORESTS ON HAEVESTING AND TRANSPORT 

Ulf Sundberg 

INTRODUCTION 

The d i scus s ion  of t h e  i n f luence  of a f u l l e r  u t i l i z a t i o n  of t h e  f o r e s t  
biomass i n  moist  t r o p i c a l  f o r e s t  w i l l  s t a r t  wi th  a b r i e f  account on t h e  
r e l a t i o n s h i p  between i n p u t s  (cost)  and output  (.quantity of biomass) i n  
t h e  ha rves t i ng  of t h e  "crop." S i l v i c u l t u r a l  ope ra t i ons  a r e  no t  inc luded .  
For t h e  purpose of t h i s  paper t h i s  account w i l l  be  g r e a t l y  s i m p l i f i e d .  
It w i l l  be  followed by some remarks on a few problems of s p e c i a l  s i g n i f i c a n c e  
i n  comparison wi th  t h e  ha rves t i ng  of wood i n  temperate f o r e s t s  and s i t u a t i o n s .  

RELATIONSHIP OF COST TO QUANTITY 

It i s  now w e l l  understood t h a t  i n p u t s  i n  ha rves t i ng  a r e  r e l a t e d  t o  t h e  a r e a  
of t h e  ha rves t  and t o  t h e  u t i l i z e d  q u a n t i t y  of wood. 

Some i n p u t s  have no r e l a t i o n  t o  t h e  q u a n t i t y  of u t i l i z e d  wood bu t  a r e  f i xed  
per u n i t  a r e a ,  e .g . ,  a e r i a l  photographs o r  s i m i l a r  mapping and surveying 
work. Other i n p u t s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  quan t i t y ,  e . g . ,  s c a l i n g .  
However, f o r  most o p e r a t i o n s  i n p u t s  a r e  c o r r e l a t e d  t o  bo th  a r e a  and 
quan t i t y .  These r e l a t i o n s h i p s  a r e  f a i r l y  w e l l  known f o r  t h e  ha rves t i ng  
of temperate f o r e s t s .  The knowledge i s  scanty  f o r  t r o p i c a l  logging b u t  
s t i l l  s u f f i c i e n t  f o r  a meaningful a n a l y s i s .  

I n  t h e  fo l lowing  t a b l e  t h e  c o s t s  of v a r i o u s  ha rves t i ng  ope ra t i ons  a r e  broken 
down i n  t o t o  (column 1 ) .  The c o s t  per u n i t  volume of wood i s  used a s  t h e  
e f f i c i e n c y  index  a s  i t  i s  d e c i s i v e  f o r  t h e  f e a s i b i l i t y  of t h e  e n t e r p r i s e .  
It i s  emphasized t h a t  t h e  breakdown does no t  r ep re sen t  any s t a t i s t i c a l  
averages.  Such information simply does no t  e x i s t .  But i t  i s  be l ieved  
t h a t  i t  f a i r l y  w e l l  r e p r e s e n t s  a normal c o s t  d i s t r i b u t i o n  f o r  t r o p i c a l  
logging i n  which only  a few spec i e s  a r e  e x t r a c t e d  and t h e  ha rves t  i s  i n  
t h e  range of 10 t o  30 cubic  meters per h e c t a r .  (Logging i n  d ip t e roca rp  
f o r e s t  does no t  f a l l  i n  t h i s  range.)  Cost of i n f r a s t r u c t u r e ,  r o y a l t i e s ,  
etc., wi th  t h e  except ion  of roads ,  i s  no t  included.  



Breakdown of Inputs  (!Cost] on Main Work Operations 

A l l  f i ~ r e s  i n  percent  

Work Operation Share of Fracti .on Propor t ional  t o  
Cost 

Unit Quantity Quanti ty 

P a r t i a l  I n  t o t o  P a r t i a l  I n  t o t o  

(1) (2) C3 ( 4  (5 

Surveying, mapping 10 
F e l l i n g  5 
Ext rac t ion  15 
Feeder Roads 15  
Access Roads 15 
Haulage 2 0 
Managm. , Superv. 2 0 

100 

I n  t h e  columns (2) t o  (5) t h e  c o s t s  a r e  broken down on "Unit Quantity" and 
"Quantity." An explanat ion is perhaps needed. The ex t r ac t ion  of l ogs  
c o n s i s t s  of two d i s t i n c t  phases, the  loading/unloading resp .  t h e  moving of 
logs.  Loading/unloading c o s t  is  f ixed  per u n i t  quan t i ty ,  whereas moving 
is  r e l a t e d  t o  t h e  l eng th  of t ranspor t .  This  l eng th  i s  determined by t h e  
i n t e n s i t y  (quan t i ty  u t i l i z e d  per  u n i t  a r ea )  a s  feeder  roads a r e  c l o s e r  
spaced f o r  h igher  q u a n t i t i e s .  Cost of haulage s i m i l a r l y  c o n s i s t s  of 
loading/unloading resp .  moving. Cost of moving depends on d i s t a n c e  and 
road s tandard.  The h igher  t h e  "Quantity" (per u n i t  a r ea )  t h e  higher  is  
t h e  road s tandard and t h e  lower i s  t h e  c o s t  per  u n i t  volume. This  
p r i n c i p l e  unde r l i e s  t h e  d i v i s i o n  i n  columns (2) t o  (5) f o r  a l l  opera t ions .  
A l l  i n d i r e c t  c o s t s ,  such a s  f r i n g e  b e n e f i t s  f o r  labour ,  machine shops, 
camps, e t c . ,  a r e  charged on the  work opera t ions .  

We now f ind  i n  t h i s  example t h a t  34% of t h e  t o t a l  c o s t  (C) i s  f i x e d  per 
"Unit Quantity" and 66% t o  " ~ u a n t i t y "  (per u n i t  a r e a ) ,  (Q). Let  us 
approximate t o  one t h i r d  resp .  two t h i r d s .  

To a r r i v e  a t  t he  t o t a l  c o s t  per u n i t  volume a t  var ious  degrees of u t i l i z a -  
t i o n  we now need t o  explore  the  more p r e c i s e  p a r t i a l  r e l a t i o n  between t h e  
"Cost" and "Quantity" (per u n i t  a r e a ) .  We know t h a t  a good and r e a l i s t i c  
approximation i s  t h a t  t h i s  p a r t i a l  c o s t  per u n i t  of wood i s  inve r se ly  
propor t ional  t o  the  square r o o t  of quan t i ty  harvested per u n i t  a r e a .  Thus, 
t h e  harves t ing  of Q cubic meter per  hec ta r  w i l l  cos t  

i 

where "a" i s  a derived cons tant .  



I f  i n  an opera t ion ,  where 16 cubic meters  per  hec t a r  i s  u t i l i z e d ,  t he  c o s t  
is 30 US$ pe r  cubic  meter,  t h e  c o s t  f o r  o t h e r  degrees of u t i l i z a t i o n ,  
us ing  t h i s  formula, a r e  l i k e l y  t o  be a s  fo l lows:  

Volume, cubic  meter 
pe r  h e c t a r  5 10 20 50 100 200 

Cost US$ p e r  cubic  
meter 37.90 32.70 29.00 25.70 24.00 22.80 

This  c o s t  r e l a t i o n s h i p  i s  shown i n  t h e  graph. 

0 50 100 150 200 
Volume cu. m/ hectar 

Rela t ion  between c o s t  per  u n i t  of wood and harves ted  volume per  u n i t  a r e a  
is t h e  r e f e r r e d  example. 

Even i f  not  too  far-reaching conclusions should be made from t h i s  example, 
i t  i l l u s t r a t e s  t h a t  t h e  c o s t  per  u n i t  of wood is g r e a t l y  inf luenced  by 
changes i n  harvested volumes pe r  u n i t  a r ea  i n  t h e  range of 5-50 cubic metere 
per  h e c t a r ,  whereas above 50 c o s t  d i f f e r e n t i a l s  a r e  much smal le r .  Above 
100 cubic meters  pe r  h e c t a r  t h e  cos t  advantage may very  w e l l  be  o f f s e t  by 
o t h e r  i n f luences  not  considered in t h i s  example. 



SPECIAL PROELEMS I N  TROPTCAL LOGGING 

It must be under l ined  t h a t  t h e  previous a n a l y s i s  d e a l s  wi th  t h e  i n f luence  
on c o s t  of improved u t i l i z a t i o n .  The f i g u r e s  presen ted  should by no means 
be  appl ied  f o r  a  s p e c i a l  c a s e  a s  t h e  s i t u a t i o n s  vary  widely wi th  a  change 
i n  c o s t  r e l a t i o n s h i p s  a s  a  consequence. The a n a l y s i s  i s  a l s o  based on a  
set of f i x e d  s i t u a t i o n  f a c t o r s  o r  assumptions. A few of t h e  major f a c t o r s  
which may change t h i s  r e l a t i o n s h i p  a s  w e l l  a s  a  few problems of more 
t e c h n i c a l  n a t u r e  r e l a t e d  t o  t h e  i s s u e  under d i s cus s ion  w i l l  be e l abo ra t ed  
below. 

I n f r a s t r u c t u r e  

The i n f r a s t r u c t u r e  a t  hand i n  t r o p i c a l  r eg ions  i s  o f t e n  rudimentary i n  
r e l a t i o n  t o  t h e  needs i n  an i n d u s t r i a l  ope ra t i on .  M r .  Jaakko ~ o y r y ,  head 
of a  worldwide consu l t i ng  f i rm ,  a t  a  meeting a t  t h e  Fo re s t ry  Week i n  
Stockholm 1977, s t a t e d  t h a t  in t h e  e s t ima te  f o r  s t a r t i n g  up a  pu lpmi l l  i n  
a  West Afr ican  country based on mixed t r o p i c a l  hardwoods, t h e  c o s t  of 
i n f r a s t r u c t u r e  was equa l  t o  th.e c o s t  of t h e  cons t ruc t ion  of t h e  m i l l .  
Th is  c o s t  impediment f o r  developments i n  t r o p i c a l  c o u n t r i e s  w i l l  no t  be  
f u r t h e r  e labora ted  here .  Only t h e  c o s t  of roads  i s  included i n  previous 
c o s t  a n a l y s i s .  

Time Horizon 

Improved u t i l i z a t i o n  of t r o p i c a l  f o r e s t s  can be t h a t  e x i s t i n g  m i l l s  o r  
marketing agenc ies  now and then  add one o r  a  few new s p e c i e s  on t h e i r  
l i n e  of product ion.  The i n c r e a s e  i n  u t i l i z a t i o n  is  gradua l ,  and i t  
u s u a l l y  does no t  change t h e  cha rac t e r  of t h e  ope ra t i on .  Even i f  logging 
is  followed by some s i l v i c u l t u r a l  t rea tment ,  such a s  enrichment p l an t ing  
o r  r e l e a s e  f e l l i n g  of unwanted spec i e s ,  t h e  t i m e  span t o  t h e  next  foreseen  
ha rves t  is  usua l ly  long,  perhaps i n  t h e  range of 30-60 years .  This  t i m e  
span usua l ly  exceeds t h e  t i m e  horizon wi th  which i n d u s t r i a l  investments  
i n  t r o p i c a l  f o r e s t r y  a r e  viewed. The cha rac t e r  of t he  ope ra t i on  remains a  
11 c u t  and ge t  ou t"  type  o r  an e x p l o i t a t i o n  cu t .  

However, improved u t i l i z a t i o n  can a l s o  be l inked  t o  new wood process ing  
ven tu re s ,  such a s  t h e  product ion of pulp and paper.  Then, no t  on ly  a  
dramatic  i nc rease  i n  u t i l i z e d  volume per u n i t  a r e a  i s  incu r r ed ,  but  i t  i s  
a l s o  l i nked  t o  a  much more i n t e n s i v e  and sus t a ined  form of land use,  such 
a s  t h e  complete c l e a r i n g  of t h e  land and t h e  p l a n t i n g  of a  new crop.  I f  
t h i s  crop i s  a  f o r e s t ,  a  r o t a t i o n  per iod a s  s h o r t  a s  p o s s i b l e  is  o f t e n  
looked f o r ,  perhaps i n  t h e  range of 5-15 years .  Th i s  t i m e  span i s  s o  s h o r t  
t h a t  i t  d e f i n i t e l y  becomes e s s e n t i a l  and i n t e r e s t i n g  f o r  i n v e s t o r s  t o  make 
investments t h a t  s e rve  not  on ly  t h e  ha rves t i ng  of t h e  "virgin"  crop but  
a l s o  t h e  subsequent r o t a t i o n s .  

It i s  o u t s i d e  t h e  scope of this paper t o  e l a b o r a t e  on t h e  f i n a n c i a l  o r  
economic consequences of a  change from "explo i ta t ion"  f o r e s t r y  t o  "sustained 
y ie ld"  f o r e s t r y .  But i t  i s  ev ident  t h a t  t h e r e  i s  and should be  f a r  reaching  
impl ica t ions .  



The po in t  i s  that t h e  investment i n  a pulpmil l  o r  any o the r  c a p i t a l  
i n t e n s i v e  m i l l  i s  so l a r g e  t h a t  t h i s  c a p i t a l  must be defended by secur ing  
a  sus ta ined  supply of wood. Fo res t ry  becomes a long term and s t a b l e  
venture  and a  completely new look must be taken i n  planning i n f r a s t r u c t u r e ,  
roads ,  labour  recru i tment ,  and t r a i n i n g  a s  we l l  a s  a  l a r g e  number of o ther  
c o s t  i tems. The immediate e f f e c t  is  t h a t  the  i n i t i a l  ha rves t  of t h e  v i r g i n  
crop does no t  need t o  be burdened with t h e  f u l l  c o s t  of dep rec i a t ion  of 
c a p i t a l  investments .  The f u l l  u t i l i z a t r o n  of t he  biomass i n  t h e  t r o p i c a l  
f o r e s t s  has  a l s o  mer i t s  per  se  a s  i t  can be a  t o o l  f o r  a  more i n t e n s i v e  
land use  and thus  con t r ibu te  t o  l i m i t i n g  the  s c a l e  and speed of t h e i r  
des t ruc t ion .  

Location of F o r e s t s  

The d i s t a n c e  from the  f o r e s t  resource t o  t h e  m i l l  s i t e  and the  f a c i l i t i e s  
f o r  f u r t h e r  t r anspor t  of the  processed wood bear  s t r o n g l y  on c o s t  and 
p r o f i t a b i l i t y .  The publ ic  road ne t - - r a i l  o r  truck--is o f t e n  of a  low 
standard o r  nonexis t ing .  Increas ing  d i s t ances  o r  absence of roads " l i f t s  
up" t h e  c o s t  curve i n  t h e  graph whereas i t s  form remains unchanged. I n  
o the r  words, t hese  f a c t o r s  do not  bear  on t h e  cos t  advantage of higher  
u t i l i z a t i o n  i n  abso lu t e  terms,but they decrease t h e  advantage i n  a  
r e l a t i v e  sense.  

Increased u t i l i z a t i o n ,  i n  p r i n c i p l e ,  opens up two opt ions :  

1. Increased m i l l  product ion with t h e  subsequent advantage of 
t h e  economy of s c a l e .  The supply a r e a  can be cons iderably  
increased  without  i nc reas ing  t h e  average c o s t  of wood a t  
m i l l  yard. This  i s  a consequence of b e t t e r  economy of roads 
and of t ruck  haulage. 

2 .  Unchanged m i l l  c apac i ty .  This  w i l l  lower t h e  wood cos t  a t  
m i l l  yard a s  t h e  supply a rea  can be shrunk. 

In te rmedia te  s o l u t i o n s  t o  t h e s e  two op t ions  a r e  poss ib l e .  A s  road and 
haulage c o s t s  a r e  h igh ,  t h e  inf luence  of l o c a t i o n  on wood cos t  i s  s t rong .  

It should be noted t h a t  t h e  inf luence  of l oca t ion  i s  not  f u l l y  included 
i n  t h e  in t roduc to ry  a n a l y s i s  i n  t h i s  paper because of t h e  complexity of 
i t  and of problems of gene ra l i z ing  s i t u a t i o n s .  However, i t  might be of 
i n t e r e s t  t o  no te  t h a t  we aga in  meet t h e  magic m. E.g., i f  we double 
t he  harvested volume per  u n i t  a r e a ,  t h e  v a r i a b l e  t ruck  haul ing  c o s t ,  a t  
unchanged m i l l  capac i ty ,  should approximately be reduced t o  t h e  va lue  

IF= 0.70. I f  we want t o  keep wood c o s t  a t  m i l l  yard cons t an t ,  t h e  average 

haul ing  d i s t a n c e  can be increased  by 40%, o r  more p r e c i s e l y  ( 12 - I ) ,  
except f o r  cases  when a  road n e t  of very  high s tandard a l r eady  is  the re .  
Assuming unchanged y i e l d s  per  u n i t  a r e a ,  the  supply t o  t h e  m i l l  could be 
stepped up by 40%. (These f i g u r e s  a r e  v a l i d  f o r  ca ses  when the  supply 
a r e a  extends congruent ly from the  m i l l  s i t e  and t h e  f o r e s t s  have equal  
s tocking  over t h e  a r ea . )  



Wood Species  

Tree  s p e c i e s  w i th  h i g h  s i l i c a  con ten t ,  o f t e n  some 5-15.2 of t h e  s tanding  
volume, cause problem i n  logging  and m i l l  ope ra t i ons .  Such m o d  ve ry  
qu ick ly  b l u n t s  t h e  edges of t o o l s ,  e.g. ,  power saws and ch ippers .  

Tree S ize  

Higher u t i l i z a t i o n  of t r o p i c a l  f o r e s t s  involves  handl ing of l o g s  i n  a  much 
wider range of l o g  s i z e s .  A s  most equipment i s  t a i l o r e d  f o r  a  r a t h e r  
narrow v a r i a t i o n  i n  l o g  s i z e ,  one is  faced wi th  two p r i n c i p a l  op t ions ,  
both l ead ing  t o  c o s t  i nc reases :  E i the r  l o g  t h e  whole q u a n t i t y  w i t h  equipment 
designed f o r  t h e  l a r g e r  s i z e  f r a c t i o n ,  i n  which ca se  t h e  c o s t  of logging 
of t h e  smaller l o g s  e a s i l y  w i l l  become unduly high;  o r  c a r r y  o u t  two o r  
more ope ra t i ons  wi th  equipment designed f o r  l a r g e  o r  small l o g s  r e spec t ive ly .  
The uni formi ty  of softwood f o r e s t s ,  e s p e c i a l l y  i f  managed and th inned ,  i s  
a  b i g  advantage r a r e l y  encountered i n  t r o p i c a l  f o r e s t s .  

Another problem is  t h e  u t i l i z a t i o n  i n  pu lpmi l l s  of l o g s  too l a r g e  t o  be 
fed i n t o  a  chipper .  Most wood spec i e s  from temperate  f o r e s t s  s p l i t  very  
n i c e l y  along t h e  f i b e r  s o  t h a t  t h e  l o g s  can be reduced t o  p i e c e s  of 
d e s i r e d  s i z e  a t  low c o s t .  T rop ica l  wood spec i e s  o f t e n  do not  s p l i t .  No 
o t h e r  s o l u t i o n  is  known o t h e r  than sawing which i s  a  ve ry  c o s t l y  opera t ion .  

Species  Mix 

Improved u t i l i z a t i o n  may involve  new l i n e s  o r  m i l l s  f o r  t h e  i n d u s t r i a l  
p rocess ing  of wood. This  may c a l l  f o r  more s o r t i n g  of t h e  wood a t  some 
s t a g e  i n  t h e  t r a n s p o r t  flow. In  t h e  pulping of t h e  wood, t h e r e  may b e  need 
t o  maintain a  cons t an t  s p e c i e s  mix. Such "homogeneous inhomogeneity" i s  
not  always p r e v a i l i n g  i n  t h e  f o r e s t s ,  perhaps c a l l i n g  f o r  a  s taggered  layout  
of logging a r ea s .  Both even t s  a r e  complicat ions l ead ing  t o  h igher  c o s t s .  

Climate 

Workers i n  t r o p i c a l  f o r e s t s  a r e  exposed t o  a  number of h e a l t h  hazards  and 
environmental extremes. Only t h e  hot and humid weather w i l l  b e  e labora ted  
he re .  

Heat s t r e s s  reducing man's a b i l i t y  t o  work begins  a t  25O C.  A t  34" C and 
100% humidity,  su s t a ined  phys i ca l  work i s  impossible .  Not much i s  known 
about t h e  impact on t h e  work capac i ty  of t h e  hot  environment i n  t r o p i c a l  
f o r e s t s  bu t  most l i k e l y  i t  i s  very  s t rong .  The graph below i s  an  
at tempt  t o  q u a n t i f y  t h e  p r o d u c t i v i t y  r educ t ion  i n  heavy work due t o  
hea t  stress. 



Productivity 

ET = e f f e c t i v e  temperature ,  der ived from globe temperature and humidity.  
Estimated reduc t ion  of work p roduc t iv i t y ,  due t o  hea t  s t r e s s  (according 
to :  Axelson, 0 . :  Heat S t r e s s  i n  Fores t  Work. FAO, Rome 1974). 

No a c t u a l  s t u d i e s  have been made which could support  t h e  assessment of work 
p r o d u c t i v i t y  r educ t ion  i n  t r o p i c a l  logging due t o  hea t  exposure,  bu t  i t  i s  
c e r t a i n l y  cons iderab le .  

Consider ing t h e  many m i l l i o n s  of people who l i v e  and perform heavy work 
i n  outdoor ho t  environment, i t  i s  a s ton i sh ing  and even shocking t o  l e a r n  
t h a t  t h e  s c i e n t i s t  who made t h i s  curve had t o  base t h e  assessment on 
s t u d i e s  of deep-mining. The problem of hea t  stress i n  t r o p i c a l  cond i t i ons  
up t o  now i s  almost completely ignored by r e sea rche r s ,  i n s t i t u t e s ,  and 
development agencies .  

The l a c k  of knowledge, among expe r t s  and ope ra to r s  i n  t r o p i c a l  s e t t i n g s ,  
of ways and means t o  coun te rac t  t he  impact of hea t  stress i n  heavy work 
i s  j u s t  i n c r e d i b l e .  Attempts t o  combat t h e  impact of hea t  stress should 
have a  very  h igh  p r i o r i t y  i n  f o r e s t r y  developments i n  t h e  t r o p i c s .  
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IMPLICATIONS OF LOGGING SYSTEMS 

FOR NORE COMPLETE UTILIZATION 

Alfeo E. Minato and Raul E. Diaz 

ABSTRACT 

Logging i n  t h e  t r o p i c a l  a r e a s  of t h e  world can be d iv ided  i n t o  two main 
c a t e g o r i e s :  highland and lowland. The two systems a p p l i c a b l e  t o  each 
ca tegory  a r e  mechanical and manual o r  l a b o r  i n t e n s i v e .  The bu lk  of t h e  
manual systems a r e  confined t o  t h e  lowlands and gene ra l l y  i n  marshy a r e a s .  
A good example i s  t h e  Kuda-Kuda system which is  preva len t  i n  Indones ia  
and Malaysia.  An example of a  mechanized system f n  marshy lowlands i s  
t h e  barge-mounted yarder  i n  Colombia, S. America. Conventional mechanical 
logging  systems such a s  c a b l e ,  t r a c t o r ,  and rubber - t i red  sk idder  a r e  
used i n  t h e  h igh lands  where t h e  topography is  more d i f f i c u l t .  

The r e c e n t  advent  of a l l - t r o p i c a l  spec i e s  u t i l i z a t i o n  has  been a  b i g  
s t e p  towards more complete u t i l i z a t i o n  of t r o p i c a l  f o r e s t s .  It i s  
ev iden t  t h a t  maximum u t i l i z a t i o n  w i l l  mean t h e  handl ing  of sma l l e r  
p i ece s  of wood. The type  of logging  system employed w i l l  depend on 
economic cons ide ra t i ons .  
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ABSTRACT 

A s  t h e  t r o p i c a l  r a i n f o r e s t  assumes g r e a t e r  importance a s  a  source  of raw 
m a t e r i a l  f o r  t h e  pulp and paper i ndus t ry ,  major a r e a s  of oppor tuni ty  f o r  
u t i l i z a t i o n  become apparent .  However, t o  preserve  f u t u r e  s u p p l i e s ,  more 
e f f i c i e n t  u t i l i z a t i o n  of t hese  resources  i s  e s s e n t i a l  and planned r e sea rch  
can be used t o  achieve an improvement. 

The paper g ives  examples of pulping s t u d i e s  on mixed hardwood spec i e s  
from t h e  r a i n f o r e s t s  of Papua Iew Guinea, f o r e s t  and sawmill r e s idues  of 
Shorea a l b i d a  from Peat  Swamp Fores t s  i n  Sarawak, Malaysia,  and an 
assessment of t h e  p o t e n t i a l  of fast-growing hardwood spec i e s  a v a i l a b l e  
f o r  r e f o r e s t a t i o n  programmes. The r e su l t s -ob ta ined  shbw t h e  s u i t a b i l i t y  
of t hese  m a t e r i a l s  f o r  va r ious  purposes.  These r e sea rch  s tudy programmes 
were developed, i n  conjunct ion wi th  f o r e s t r y  a u t h o r i t i e s ,  t o  g ive  
p r a c t i c a l  evidence t o  a s s i s t  t h e  planning of f o r e s t  based i n d u s t r i e s .  
Such a  coordinated approach is important i n  ob ta in ing  adequate  evidence 
a s  a  b a s i s  f o r  e f f i c i e n t  planning. 

It i s  suggested t h a t  improved u t i l i z a t i o n  depends on an acceptance t h a t :  

( i )  Tropica l  f o r e s t s  i n  d i f f e r e n t  a r e a s  a r e  d i f f e r e n t  and must be 
assessed  accordingly 

( i i )  A t o t a l  use concept should be appl ied  wherever poss ib l e ,  even i n  
t h e  presence of an  apparent  abundance of raw m a t e r i a l ,  and 

( i i i )  Re fo res t a t ion  is an e s s e n t i a l  requirement f o r  providing f o r e s t  
resources  f o r  t h e  f u t u r e .  

KEYWORDS: Tropica l  hardwoods, mixed spec i e s ,  pulping,  r e f o r e s t a t i o n  
spec i e s ,  f o r e s t  r e s idues ,  waste wood, pulpwood u t i l i z a t i o n .  



SUITABILITY OF TROPICAL FORESTS FOR PULPWOOD: 

MIXED HARDWOOI)S, RESIDUES, AND REFORESTATION SPECIES 

F. H. P h i l l i p s ,  A. F. Logan, and V.  Balodis  

A s  technology advances and a s  supp l i e s  of p r e f e r r e d  raw m a t e r i a l s  diminish,  
i ndus t ry  accep t s  o t h e r  s u p p l i e s  f o r  processing.  I n  t h e  pulp and paper 
i ndus t ry  t h i s  t r end  has  been ev ident  over some 150 y e a r s  w i th  a movement 
from t h e  exc lus ive  u s e  of a l im i t ed  number of con i f e rous  spec i e s ,  through 
t h e  acceptance of s e l e c t  temperate  hardwoods t o  t h e  u t i l i z a t i o n  of whole 
trees, f o r e s t  and m i l l  r e s i d u e s ,  and inc reas ing  numbers of spec i e s .  Even 
though t h e r e  has  been cons iderab le  r e s i s t a n c e  t o  t h e  u t i l i z a t i o n  of mixed 
t r o p i c a l  hardwoods, those  who have been a s soc i a t ed  w i th  t h e  assessment 
of t r o p i c a l  f o r e s t  r e sou rces  have known t h a t  it was only a ma t t e r  of t i m e  
before  t h e s e  were a l s o  accepted  by indus t ry .  Some problems i n  economic 
u t i l i z a t i o n  remain, bu t  whereas t h e  genera l  view a few y e a r s  ago was t h a t  
such m a t e r i a l s  were u n s u i t a b l e ,  t h i s  view is  n o t  accep tab l e  today. Afr ican  
mixed t r o p i c a l  hardwoods a r e  being used f o r  bleached pulp product ion ,  and 
i n  I n d i a ,  Thai land,  and South America mixed t r o p i c a l  hardwoods a r e  i n  
commercial use,  a l though some s e l e c t i o n  of s p e c i e s  i s  common p r a c t i c e .  
M i l l s  i n  t h e  P h i l i p p i n e s  and s e v e r a l  i n  Japan a r e  a l s o  heav i ly  dependent 
on t r o p i c a l  hardwoods a s  a sou rce  of pulpwood and t h e s e  a r e  o f t e n  mixed 
wi th  o t h e r  woods, such a s  p l a n t a t i o n  m a t e r i a l s  o r  l o c a l  hardwoods, p r i o r  
t o  pulping.  

We a r e  now e n t e r i n g  a per iod  of r a p i d l y  i nc reas ing  use  of t r o p i c a l  t imbers  
f o r  pulpwood and t h i s  u t i l i z a t i o n ,  toge ther  wi th  t h e  demands f o r  a d d i t i o n a l  
a g r i c u l t u r a l  l and ,  could r e s u l t  i n  t h e  d e s t r u c t i o n  of t h e  wor ld ' s  
remaining t r o p i c a l  r a i n f o r e s t s .  Therefore ,  a t  t h e  ve ry  least i t  is 
e s s e n t i a l  t h a t  r e sea rch  programmes a r e  planned t o  provide  evidence which 
w i l l  permit t h e  optimum u t i l i z a t i o n  of t h e s e  r e sou rces  and s o  ensure t h a t  
t h e  wood s u p p l i e s  a r e  not  dep l e t ed  unnecessar i ly .  Experience i n d i c a t e s  
t h a t ,  t o  be adequate ,  t h i s  planning needs t o  be  based on t h r e e  f a c t o r s :  

F i r s t l y ,  an awareness t h a t  t r o p i c a l  f o r e s t  resources  va ry  g r e a t l y  and 
t h a t  t h e i r  p o t e n t i a l  f o r  u t i l i z a t i o n  f o r  commercial pulp and paper pro- 
duc t ion  w i l l  a l s o  vary .  

Secondly, an acceptance t h a t  a s  f a r  a s  pos s ib l e  a t o t a l  u se  concept 
should be followed and t h a t  t h e  i n t e g r a t i o n  of i n d u s t r i e s  is necessary 
t o  reduce waste ,  both i n  t h e  f o r e s t  and i n  t h e  process ing  s t a g e s .  

Thi rd ly ,  a de te rmina t ion  t o  pursue a v igorous  r e f o r e s t a t i o n  programme 
t o  a s s e s s  t h e  p o t e n t i a l  of fast-growing spec i e s  which w i l l  provide new 
re sou rces  f o r  f u t u r e  ope ra t i ons .  



A t  t h e  Commonwealth S c i e n t i f i c  and I n d u s t r i a l  Research Organisat ion 
(CSIRO) l a b o r a t o r i e s  concerned wi th  the  assessment of c e l l u l o s i c  resources  
f o r  pulping and papermaking, work has been c a r r i e d  out  on t imbers  from 
Papua New Guinea (PNG) and Malaysia.  Less ex t ens ive  s t u d i e s  have been 
made on Indonesian, South American, and South P a c i f i c  t imbers.  I n  t h e  
r ecen t  major r e sea rch  programmes on such resources  w e  have taken t h e  above- 
mentioned f a c t o r s  i n t o  account .  Examples of some of t h e  work w i l l  be 
descr ibed  i n  t h i s  paper.  

MIXED SPECIES FOREST RESOURCES 

Fores t  Areas 

General ly  i t  would be expected t h a t  e f f o r t s  t o  e s t a b l i s h  a woodchip o r  
pulping indus t ry  on n a t u r a l  mixed spec i e s  f o r e s t s  would r e s u l t  from t h e  
i n i t i a t i v e  of t h e  Fores t  Department i n  t h e  a r ea .  This  was t h e  c a s e  i n  
PNG, and l abo ra to ry  s t u d i e s  w e r e  planned s o  t h a t  r e s u l t s  could be used 
f o r  t h e  n a t i o n a l  s c a l e  planning of f o r e s t  resources  by government au tho r i -  
t ies  and provide t h e  evidence f o r  t h e  u t i l i z a t i o n  of t h e  r e sou rce  t o  b e s t  
advantage. 

Of t h e  46 m i l l i o n  h e c t a r e s  of  t o t a l  land a r e a  i n  PNG about 40 m i l l i o n  
h e c t a r e s  is t r e e  covered. A l i t t l e  over one-third of t h i s  t r eed  a r e a  can 
be regarded a s  a c c e s s i b l e  commercial f o r e s t ,  conta in ing  a wide v a r i e t y  of 
f o r e s t  types  and spec i e s  mixtures .  One a r e a ,  t h e  Gogol t imber a r e a ,  
loca ted  towards t h e  e a s t e r n  end of t h e  Sepik-Ramu f o r e s t  system and 
covering approximately 50,000 hec t a re s ,  i s  t h e  b a s i s  of a woodchip expor t  
e n t e r p r i s e .  This  resource  c o n s i s t s  mainly of regrowth lowland r a i n f o r e s t ,  
and t h e r e  i s  a h igh  volume percentage (ca. 70 percent )  of t r e e s  less than 
50 cm diameter i n  t h i s  a r ea .  I n t s i a  spppredominate  and t h e  o t h e r  major genera 
present  inc lude  Pometia, Terminalia,  Dysoxylum, Teysmanniodendron, S t e r c u l i a ,  
F icus ,  Pimeleodendron, Canarium, and Myr is t ica  (1).  

Another timber a r e a  i n  PNG, a t  Vanimo on t h e  n o r t h  c o a s t  near  t h e  I r i a n  
Jaya border ,  covers  approximately 300,000 hec t a re s  and i s  t h e  l a r g e s t  
s i n g l e  a r ea  c u r r e n t l y  considered f o r  development. The main genera which 
occur i n  t h i s  a r e a  a r e  I n t s i a ,  Pometia, Myr is t ica ,  C e l t i s ,  Terminal ia ,  
Homalium, Pimeleodendron, Eugenia, Palaquium, Canarium, Planchonel la ,  and 
Teysmanniodendron (1 ) .  

Sample biater i a l  

A f o r e s t  sampling opera t ion  involving t h e  major spec i e s  allowed a l i m i t e d  
eva lua t ion  of t h e  pulping p o t e n t i a l  of t h e  Gogol t imber resources  t o  be  
made p r i o r  t o  t he  establ ishment  of an in t eg ra t ed  woodchip and sawn timber 
i ndus t ry .  The a v a i l a b i l i t y  of commercial woodchips from t h i s  woodchip 
export  opera t ion  has now enabled a more ex tens ive  i n v e s t i g a t i o n  t o  be 
c a r r i e d  ou t  t o  determine t h e  pulp q u a l i t y  ob ta inab le  from t h e  mixed 
spec i e s ,  and t h e r e f o r e  t h e  va lue  of t h e  raw m a t e r i a l ,  without  t h e  need t o  
undertake an ex tens ive  f o r e s t  sampling exe rc i se .  The woodchip indus t ry  
now ope ra t ing  uses  waste from t h e  l a r g e  t r e e s  of spec i e s  s e l e c t e d  f o r  



saw m i l l i n g  t o g e t h e r  w i t h  a l l  o t h e r  t imber  r e s u l t i n g  from c l e a r  f e l l i n g .  
D a i l y  samples  of  f r e s h l y  p repared  c h i p s  were c o l l e c t e d  o v e r  a 3  t o  4  week 
p e r i o d  t o  form each  of t h r e e  composi te  m i x t u r e s  f o r  t e s t i n g .  These t h r e e  
m i x t u r e s  r e p r e s e n t e d  wood h a r v e s t e d  from d i f f e r e n t  coupes  i n  t h e  Gogol 
t imber  a r e a  over  a 4  month p e r i o d .  

I n  t h e  c a s e  of t h e  Vanimo t imber  area, c h i p  m i x t u r e s  were  p repared  t o  
r e p r e s e n t  t h e  d i f f e r e n t  b l o c k s ,  f o r e s t  t y p e s ,  and d iamete r  c l a s s e s  
a v a i l a b l e .  P o s s i b l e  u t i l i z a t i o n  p l a n s ,  such  a s  t h e  r e s e r v a t i o n  of  l a r g e  
trees of  s e l e c t  s p e c i e s  f o r  sawmi l l ing ,  were a l s o  i n v e s t i g a t e d .  The 
composi te  m i x t u r e s  were  p repared  f o l l o w i n g  a n  e x t e n s i v e  f o r e s t  sampl ing 
e x e r c i s e  i n v o l v i n g  t h e  c o l l e c t i o n  of wood from approx imate ly  2 ,000 t r e e s  ( 2 ) .  

The b a s i c  d e n s i t y  of t h e  t h r e e  c h i p  samples  from t h e  Gogol t imber  area 
had a n  a v e r a g e  of  428 kg/m3 (3) compared w i t h  484 kg/m3 f o r  samples r e p r e -  
s e n t i n g  t h e  t o t a l  wood r e s o u r c e s  i n  a d j a c e n t  b l o c k s  of  t h e  Vanimo t imber  
area (2) ( 4 ) .  The v a l u e s  are modera te ly  low f o r  pulpwood. Average f i b r e  
l e n g t h  of whole f i b r e s  was 1 . 6  mm and c a .  1 . 5  mm r e s p e c t i v e l y ,  g r e a t e r  
t h a n  f o r  many t empera te  zone h a r d w o o d s ~ s e d  i n  commercial pu lp ing .  These 
r e s u l t s  are summarized i n  t a b l e  1. 

Pulp ing  R e s u l t s  

The p r o p e r t i e s  of  unbleached s u l p h a t e  p u l p s  p repared  a t  two l e v e l s  of  
Kappa number are a l s o  g i v e n  i n  t a b l e  1. The l e v e l s  chosen were approx i -  
ma te ly  20,  which would p r o v i d e  ev idence  of s u i t a b i l i t y  f o r  b o t h  bleached 
and unbleached p r o d u c t s ,  and approx imate ly  40 t o  e v a l u a t e  s u i t a b i l i t y  f o r  
packaging g r a d e  p r o d u c t s  s u c h  as l i n e r b o a r d .  

Some i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  o b t a i n e d  on l a b o r a t o r y  h a n d s h e e t s  are 
g iven  i n  t a b l e  2  and show t h e  l e v e l  of s t r e n g t h  developed i n  t h e  v a r i o u s  
unbleached and bleached s u l p h a t e  pu lps .  G e n e r a l l y  i t  can  be  concluded 
t h a t  n ixed  s p e c i e s  hardwoods from t h e s e  two t imber  areas c a n  b e  used 
s a t i s f a c t o r i l y  f o r  t h e  p r o d u c t i o n  of s u l p h a t e  p u l p s .  The unbleached p u l p  
s t r e n g t h s  shou ld  b e  a d e q u a t e  f o r  end p r o d u c t s  such as k r a f t  l i n e r  b o a r d s ,  
bag and wrapping p a p e r s ,  and m u l t i w a l l  s a c k  papers .  The p u l p s  a t  t h e  
h i g h e r  ICappa number (E. 40) were  produced i n  h i g h e r  y i e l d s  and g e n e r a l l y  
had h i g h e r  s t r e n g t h  p r o p e r t i e s  t h a n  t h o s e  at Kappa number ca .  20. Bleached 
s u l p h a t e  p u l p s  were prepared  r e a d i l y  from t h e s e  m i x t u r e s  o f t r o p i c a l  
hardwoods u s i n g  a  CEHD b l e a c h i n g  sequence and h i g h  b r i g h t n e s s  was o b t a i n e d  
w i t h o u t  s e g r e g a t i o n  of any s p e c i e s .  

It  h a s  been found t h a t  s a t i s f a c t o r y  NSSC pu lps  can  b e  p repared  from t h e  
mixed hardwoods from t h e s e  t imber  areas i n  PiIG (2 )  (3)  (4) ( 5 ) .  High 
y i e l d s  (ca .  73-77 p e r c e n t )  were  o b t a i n e d  at  Kappa numbers of - ca .  130  and 
t h e  p u l p ~ o u l d  b e  s u i t a b l e  f o r  c o r r u g a t i n g  medium. However, more s e v e r e  
cooking c o n d i t i o n s ,  which s u b s t a n t i a l l y  lowered t h e  pu lp  y i e l d ,  were 
r e q u i r e d  t o  produce NSSC p u l p s  s u i t a b l e  f o r  h i g h e r  q u a l i t y  p r o d u c t s .  



Table 1 

Wood p r o p e r t i e s ,  p u l p i n g  c o n d i t i o n s  and  p r o p e r t i e s  o f  

s u l p h a t e  p u l p s  from Papua New Guinea mixed hardwoods 

Pu lp ing  c o n d i t i o n s :  Charge 1800 g (o.d.1 c h i p s  i n  20 1 r o t a r y  d i g e s t e r  
S u l p h i d i  t y  25% 
Liquor:wood r a t i o *  3 .5: l  
Cooking tempera ture  170 c 
Time t o  t empera ture  1.5 h 
Time a t  t empera ture  2 h 
Blow down t i m e  0 .3  h 

Bas i c  d e n s i t y  (kg/m3) 
F i b r e  l e n g t h ,  

whole f i b r e s  (mrn) 

Ac t ive  a l k a l i *  

(as Na2O) (Po)  

Unbleached p u l p  

Y i e l d  (%)  + 
Unscreened 
Screened 

Kappa number 
( s c r eened  pu lp )  

Bleached p u l p  

Y ie ld  ( % I  ' 
B r i g h t n e s s  (%)  

(Elrepho)  

Bleach ing  sequence : CEHD 

* Based on o. d. wood 

+ 0.d. p u l p  as a pe r cen t age  o f  0.d. wood 

Source o f  d a t a  Ref. (2)  (3)  (4)  

Gogol Timber Area 
Samples 

428 
1.6 

12 

52.2 
47.1 
40.9 

- - 

Vanimo Timber A r e a  
Samples 

4 84 
1.5 

15  

48.3 
46.8 
21.8 

42.2 
>87 

12 

51.7 
48.3 
44.4 

- 
- 

16 

47.7 
46.5 
22 .O 

42.9 
85 



Table 2 

Comparison of papermaking p roper t i e s  of unbleached and 

bleached sulphate pulps from Papua New Guinea mixed hardwoods 

( f o r  pulping condit ions see  Table 1) 

Property 
Freeness 
(Canadian 
Standard) 

Gogol 
. 

Kappa No. x. 40 

1.71 
1.54 

10.7 
10.6 

6.7 
8.5 

- 
- 
- 
- 

- 
- 

Timber Area 

Kappa No. s. 20 

1.72 
1.56 

10.2 
9.5 

6.4 
8.3 

1.69 
1.52 

10.2 
9.9 

5.1 
7.3 

Vanimo 

Kappa No. z. 40 

1.80 
1.65 

11.0 
11.3 

6.4 
8.4 

- 
- 
- 
- 

- 
- 

Unbleached Pulp 

Timber Area 

Kappa No. z. 20 

1.77 
1.60 

10.9 
10.4 

6 .O 
7.9 

1.79 
1.60 

9.6 
9.8 

4.3 
6.2 

Bulk 
(cm3/g) 

Tear index 
(mN m2/g) 

Breaking 
length 

450 
250 

450 
250 

450 
250 

Bleached Pulp 

Bulk 
(cm3/g) 

Tear 
index 
(mN m2/g) 

Breaking 
length  
(km) 

450 
250 

450 
250 

4 50 
25 0 



Further  I m ~ l i c a t i o n s  

A s  w e l l  a s  i n d i c a t i n g  s u i t a b i l i t y  f o r  pulping,  a s  d i scussed  above, and 
e s t a b l i s h i n g  a l e v e l  of q u a l i t y  f o r  t h e  woodchip mix ture  on which expor t  
p r i c e  n e g o t i a t i o n s  can be cen t e r ed ,  t h e  i n v e s t i g a t i o n s  were planned t o  
provide evidence of a s s i s t a n c e  i n  f o r e s t  management and u t i l i z a t i o n  
planning. It has  been shown t h a t :  

( i )  Even though t h e r e  were d i f f e r e n c e s  i n  t he  wood r e sou rces  a v a i l a b l e  
i n  t h e  d i f f e r e n t  a r e a s ,  p a r t i c u l a r l y  i n  regard  t o  f o r e s t  type,  diameter  
c l a s s ,  and spec i e s  composition, t h e  pulp p r o p e r t i e s  were no t  g r e a t l y  
d i f f e r e n t .  

( i i )  The exc lus ion  of l a r g e  trees (>50 cm diameter)  of some s p e c i e s  
f o r  sawmilling, o r  t h e  exc lus ion  of a l l  smal l  t r e e s  ( 0 0  cm d iameter ) ,  
o r  t h e  exc lus ive  u se  of  h i l l  o r  lowland s p e c i e s  i n  t h e  Vanimo timber a r e a  
had l i t t l e  e f f e c t  on pulp q u a l i t y .  

( i i i )  The l a r g e  number of s p e c i e s  i n  t h e  mixture  d id  no t  c r e a t e  pulping 
problems, and i t  was not  necessary  t o  s eg rega t e  spec i e s ,  even f o r  t h e  
product ion of h igh  b r igh tnes s  bleached pulps .  

These f i n d i n g s  should be of p r a c t i c a l  s i g n i f i c a n c e  i n  f u t u r e  logging 
ope ra t i ons  and i n  planning t h e  e f f i c i e n t  u t i l i z a t i o n  of PNG f o r e s t  resources .  
However, i t  does no t  n e c e s s a r i l y  fo l low t h a t  t he se  conc lus ions  w i l l  app ly  
t o  t r o p i c a l  f o r e s t  r e sou rces  elsewhere.  

RESIDUES FROM FOREST AND SAWMILL OPERATIONS 

Extending Pulpwood Resources 

The u t i l i z a t i o n  of t h e  whole tree is becoming accepted a s  d e s i r a b l e  p r a c t i c e  
i n  t h e  f o r e s t  products  i n d u s t r i e s  of developed c o u n t r i e s .  It i s  one way 
of providing a d d i t i o n a l  m a t e r i a l  f o r  our f u t u r e  needs. However, o t h e r  new 
m a t e r i a l s  must a l s o  be introduced i n t o  commercial ope ra t i ons  and t r o p i c a l  
f o r e s t  r e sou rces  a r e  i n  t h i s  category.  They must be  suppl ied f o r  u se  i n  
e x i s t i n g  processes ,  n o t  accord ing  t o  p r a c t i c e s  based on a concept of an  
overabundance of raw m a t e r i a l ,  bu t  considered i n  t h e  same way a s  temperate  
zone t imbers  i n  l im i t ed  supply. Optimum use  p a t t e r n s  must be developed 
f o r  each type  of m a t e r i a l  t o  conserve t h e  l i m i t e d  resources .  

A s  pulpwood is  normally of lower q u a l i t y  than  t h a t  demanded by sawmil ls ,  
veneer  m i l l s ,  and moulding p l a n t s ,  only t h e  noncommercial t imbers  and 
t h e  smal l  and d e f e c t i v e  trees unsu i t ab l e  f o r  t h e s e  purposes should be  
harvested f o r  chipping.  Otherwise r e s idue  m a t e r i a l ,  which inc ludes  crowns 
and bark,  o f f c u t s ,  and c o r e s ,  would be  a source of m a t e r i a l  f o r  pulpwood 
c h i p s  whenever a v a i l a b l e .  I n i t i a t i v e s  t o  produce woodchips from t h e s e  
m a t e r i a l s  should be important  a s p e c t s  of bo th  Fores t  Department programmes 
and timber i ndus t ry  p l ans  f o r  improving t h e  economics of c u r r e n t  
ope ra t i ons .  With t h i s  i n c e n t i v e ,  support  should be  a v a i l a b l e  f o r  
developing r e a l i s t i c  s tudy  programmes t o  prove t h e  v i a b i l i t y  of inc lud ing  
such r e s i d u e  m a t e r i a l s  i n  raw m a t e r i a l  supp l i e s .  



Shorea a l b i d a  Residues 

I n  Sarawak, Malaysia t h e  f o r e s t s  cover about t h r e e  q u a r t e r s  of t h e  t o t a l  
land a r e a  and one of t h e  two major f o r e s t  groups, t h e  Pea t  Swamp F o r e s t s ,  
occupy about 1 .5  m i l l i o n  h e c t a r e s ,  o r  over 11 percent  of t h e  land a r ea .  
I n v e s t i g a t i o n s  of t h e  pulping p o t e n t i a l  of Pea t  Swamp Fores t  and r e s idue  
resources  a r e  being undertaken. However, t h e  most abundant s p e c i e s  i n  
t h e  pea t  swamps i s  Shorea a l b i d a  sym. and i s  c u r r e n t l y  being used f o r  
sawmilling, veneer  product ion,  and l o g  expor t .  The m a t e r i a l  a v a i l a b l e  
f o r  pulpwood i n  t h e  form of d e f e c t i v e  and damaged trees, nonsawlog 
po r t i ons  of trees, and crowns was es t imated  t o  be approximately 10  m i l l i o n  
cubic  metres and p o t e n t i a l l y  could s u s t a i n  a  ch ip /pulp  i ndus t ry  i n  t h e  
immediate f u t u r e .  The Sibu a r e a ,  which has  an est imated annual  supply 
of 250 thousand cubic  metres of SIlorea a l b i d a  r e s i d u e s ,  was s e l e c t e d  a s  
t h e  source of pulpwood test sample. 

Shorea a l b i d a  produces two d i s t i n c t l y  d i f f e r e n t  types  of t imber:  Alan 
ba tu ,  a  heavy dense wood, and Alan bunga, a  l i g h t  t o  medium d e n s i t y  wood. 
Both were included i n  t h e  pulp test composite mixture.  According t o  
e s t ima te s ,  t h i s  should con ta in  86 percent  Alan ba tu  and t h e  remainder 
Alan bunga i f  a l l  t h e  r e s idues  a v a i l a b l e ,  inc lud ing  crowns, a r e  used f o r  
wood chipping.  The a c t u a l  composition was: 

Percentage (by volume) 

Alan ba tu  Stemwood and o f f c u t s  
Crowns 

Alan bunga Stemwood 
Of fcu t s  
Crowns 

It i s  doub t fu l  whether Alan bunga sawmill o f f c u t s  w i l l  be a v a i l a b l e  i n  
p r a c t i c e  because Alan bunga is exported,  and t h e s e  were not  included i n  
t h e  mix ture  of c h i p s  prepared t o  r ep re sen t  t h e  raw m a t e r i a l  supply. 
Because of t h e  h igh  propor t ion  of Alan ba tu ,  which has  a  b a s i c  d e n s i t y  of 
624 kg/m3 compared w i t h  482 and 592 kg/m3 f o r  Alan bunga sternwood and 
crowns r e s p e c t i v e l y ,  t h e  b a s i c  d e n s i t y  of t h e  composite mixture  was 
618 kg/m3. 

Pulping and papermaking test r e s u l t s  shown i n  t a b l e  3  i n d i c a t e  t h a t  
bonding s t r e n g t h s  a r e  low b u t  t e a r i n g  r e s i s t a n c e  is q u i t e  s a t i s f a c t o r y ,  
c o n s i s t e n t  w i th  t h e  medium-high bas i c  dens i ty  of t h e  composite sample. 
Of course ,  t h e  higher  dens i ty ,  compared, f o r  example, w i t h  mixed s p e c i e s  
wood ch ips  from PNG would be an  advantage f o r  more economic woodchip 
t r a n s p o r t  o r  h igher  d i g e s t e r  product ion capac i ty .  Bleached pulp 
b r igh tnes s  was s a t i s f a c t o r y  f o r  a  CEHD sequence and f u r t h e r  t e s t s  showed 
t h a t  a d d i t i o n a l  s t a g e s  produced cons iderab le  improvement w i th  only a  
s l i g h t  l o s s  i n  y i e l d .  



Table 3 

P r o p e r t i e s  o f  su lphate  pulps from Shorea aZbida 

r e s idues  from Sarawak, Malaysia 

(pulp ing  cond i t ions ,  excep t  a c t i v e  a l k a l i ,  a s  
f o r  pulps  l i s t e d  i n  Table 1) 

* Based on 0.d. wood 

+ 0.d. p u l p  a s  a percentage o f  0.d. wood 

Unbleached pulp  

Active a l k a l i *  ( a s  Na20) (%)  
Screened y ie ld+  ( % )  

Kappa number 

Bulk ( ~ m ~ / ~ )  
Tear index (mN m2/g) 
Breaking length  (km) 

Bleached pulp  (CEI-iD sequence) 
y i e ld+  (%) 

Brightness  (Elrepho) (%)  

~ u l k  ( ~ m ~ / ~ )  
Tear index (mN m2/g) 
Breaking l eng th  (km) 

15.5 
46 .O 
21.2 

a t  450 Csf 

1.99 
9.9 
4.7 

a t  250 Csf 

1.86 
11.7 
5.8 

42.0 
84 

a t  450 Csf 

1.91 
8.6 
4.2 

a t  250 Csf 

1.79 
9.8 
5.3 



'Cable 4 

Proper t i es  of s u l p h a t e  pulps from p o t e n t i a l  r e f o r e s t a t i o n  spec ies  

Pulping conditions: Charge 200 to 250 g (o.d.1 ch ips  i n  2 1. r e a c t i o n  v e s s e l s  
s u l p h i d i t y  25% 
Liquor to wood* 3.5:l 
Cooking temperature 1 7 0 ' ~  
Time t o  temperature 1.25 h 
Time a t  temperature 2 h 

Based on 0.d. wood + 0.d. pulp as a percentaqe o f  0.d. wood Source o f  data Ref (3) (6) (7) (8) (9 )  
6 Charge 1800 g(0.d.) dlips cooked i n  20 1 r o t a r y  d i g e s t e r ,  2 h a t  1 7 0 ' ~  

Sample 

Acacia 
auricuZi fomnis 

A tbiaia 
falcatariu 

mzim 
arborea 

Ternrinalia 
brass ii 

Eucalyptus 
deglupta 

Eucalyp tus 
tere t i c o m i s  

Ek Zaleuca 
teucodemhn 

Eucalyptus 
re- 

f i x e d  speciesd 
(Gogol Timber 
Area, PNG) 

Bleached pulp 
(CEHD 

yield' 
(0) 

- 

- 

- 

46.5 

48.2 

- 

- 

- 

42.2 

Age 
( ~ r )  

10 

7 

5 

10 

9 

4 

4 

I2 

- 

Screened 
yield+ 

54.7 

52.6 

51.7 

48.0 

49.8 

43.3 

39.0 

55.2 

45.3 

sequence) 

Brightness 
(Elrepho) 

(0) 
(pulp) 

- 

- 

- 

89 

88 

- 

- 

- 

>87 

Basic 
density 

497 

2 38 

346 

287 

344 

6 34 

545 

398 

428 

Kappa 
"O' 

17.4 

17.9 

18.6 

20.9 

20.1 

24.9 

36.6 

15.7 

21.8 

Break. 
l eng th  
(km) 

11.3 

11.4 

11.4 

13.9 

11.6 

7.5 

7.8 

9 -9 

8.3 

(cm3/g) 

1.34 

1.24 

1.23 

1.24 

1.34 

1.67 

1.49 

1.40 

1.56 

Active 
a l k a l i *  

( a s  Na20) 
(2) 

13 

1 3  

13 

16.5 

13 

16 

13 

12 

15 

a t  250 Csf 

Tear 
index 

(mN m2/g) 

11.6 

9.0 

10.7 

9.3 

10.9 

10.1 

9.9 

9.9 

9.5 

Unbleached pulp 

a t  

B"p 

1.64 

- 

1.43 

- 
- 

2.02 

- 
- 

1.72 

450 Csf 

w a r  
index 

(mN m2/g) 

12.0 

- 

10.9 

- 
- 

5.8 

- 
- 

10.2 

Break. 
length 
(km) 

7.9 

- 

7.0 

- 
- 

4.3 

- 
- 

6.4 



The r e s u l t s  ob ta ined  on t h e  composite mixture  were g r e a t l y  in f luenced  
by t h e  high propor t ion  of Alan ba tu  stenwood. T e s t s  on i n d i v i d u a l  
samples of  stemwood, o f f c u t s ,  and crowns of bo th  Alan ba tu  and Alan bunga 
showed t h a t  wood components of Alan bunga r e q u i r e  l e s s  a l k a l i  and 
produced higher  y i e l d s  of su lpha t e  pu lps  a t  t h e  same Kappa number. 
Bonding s t r e n g t h s  were a l s o  higher  f o r  t h e  Alan bunga samples. Crown 
m a t e r i a l  was t h e  l e a s t  d e s i r a b l e  component a l though t h e  p r o p e r t i e s  of 
pu lps  from Alan bunga crowns were more s a t i s f a c t o r y  than from any of 
t h e  Alan ba tu  components. 

It can be concluded t h a t  t h e  mixture  of Shorea a l b i d a  r e s idues  would be  
s a t i s f a c t o r y  f o r  use  i n  bleached su lpha t e  pulp product ion and subsequent ly  
f o r  w r i t i n g  and p r i n t i n g  papers .  Use i n  t h e  manufacture of packaging 
m a t e r i a l s  which do not  r e q u i r e  high s t r e n g t h s  may a l s o  be pos s ib l e .  
T e s t s  i nd i ca t ed  t h a t  some packaging m a t e r i a l s  could a l s o  be produced from 
t h e  high y i e l d  (>70 percent )  NSSC pulp.  

The Shorea a l b i d a  r e s i d u e s  c o n s i s t  of va r ious  components from n a t u r a l  
t r o p i c a l  f o r e s t s .  The wood p r o p e r t i e s  and t h e  pulping p r o p e r t i e s  a r e  - - -  - 
q u i t e  d i f f e r e n t  from those  of  t h e  mixed hardwood spec i e s ,  a v a i l a b l e  
from PNG f o r e s t  a r e a s ,  which were considered above. Even though both 
s u p p l i e s  could be termed ' t r o p i c a l  f o r e s t  r e sou rces , '  'mixed t r o p i c a l  
hardwoods,' o r  'pulpwood from t r o p i c a l  s p e c i e s '  i t  i s  obvious t h a t  both 
need t o  be assessed  independent ly  and u t i l i z e d  according t o  t h e i r  
p o t e n t i a l ,  which appare-ntly is r a t h e r  d i f f e r e n t  . 

HARDWOOD SPECIES FOR REFORESTATION 

Trop ica l  r a i n f o r e s t  must be  regarded a s  a  renewable r e sou rce ,  bu t  n a t u r a l  
r egene ra t i on  wi th in  c l e a r  f e l l e d  a r e a s  w i l l  produce a  spec i e s  mixture  
with c h a r a c t e r i s t i c s  d i f f e r e n t  from those  of t h e  v i r g i n  f o r e s t ,  and t h e  
secondary regrowth is  o f t e n  of doubt fu l  va lue  t o  t h e  pulp and paper 
i ndus t ry ,  a t  l e a s t  i n  t h e  s h o r t  term. I r r e s p e c t i v e  of t h e  genera l  
f o r e s t r y  p o l i c i e s  adopted, i t  appears  c e r t a i n  t h a t  young fast-grown 
hardwoods w i l l  have an  important  r o l e  i n  t h e  i ndus t ry  i n  t h e  f u t u r e ,  and 
t h e  even tua l  supply of pulpwood must come from p l a n t a t i o n s  o r  r e f o r e s t e d  
a r e a s .  The eva lua t ion  of spec i e s  wi th  p o t e n t i a l  f o r  r e f o r e s t a t i o n  
purposes is an urgent  n e c e s s i t y .  

Pulping i n v e s t i g a t i o n s  on s e v e r a l  p l a n t a t i o n  s p e c i e s  from PNG and 
Northern A u s t r a l i a  have been c a r r i e d  ou t  a t  our  l abo ra to ry .  Fo r tuna t e ly  
t h e  PNG Department of F o r e s t s  had r e a l i z e d  t h e  need f o r  s i l v i c u l t u r a l  
r e sea rch  s t u d i e s  on p o t e n t i a l  fast-growing p l a n t a t i o n  hardwoods and had 
e a r l i e r  e s t a b l i s h e d  p l o t s  of a  v a r i e t y  of spec i e s  i n  many d i f f e r e n t  
l o c a t i o n s .  I n  Northern A u s t r a l i a  s t u d i e s  a r e  a l s o  being c a r r i e d  ou t  t o  
f i n d  spec i e s  which produce r ap id  growth under i r r i g a t i o n  and subsequent ly  
t o  determine t h e i r  p o t e n t i a l i t i e s  a s  pulpwood. A wide range of m a t e r i a l ,  
a l r e a d y  proved s i l v i c u l t u r a l l y ,  was t h e r e f o r e  a v a i l a b l e  f o r  l abo ra to ry  
pulping s t u d i e s .  The r e s u l t s  obtained a r e  i n t e r e s t i n g  and have a l r e a d y  
proved va luab le  i n  guiding f o r e s t r y  a u t h o r i t i e s  engaged i n  p l a n t a t i o n  
es tab l i shment .  



Papua New Guinea Species  

The main spec i e s  s tud ied  inc lude  Eucalyptus deglupta ,  Terminalia 
b r a s s i i ,  Acacia a u r i c u l i f o r m i s ,  Alb iz ia  f a l c a t a r i a ,  Gmelina a rborea ,  
Eucalyptus t e r e t i c o r n i s ,  and Melaleuca leucadendron. The i n v e s t i g a t i o n s  
a r e  cont inuing ,  but  i t  has been e s t ab l i shed  t h a t  some of t h e s e  f a s t -  
growing woods possess  very  good pulping and papermaking p r o p e r t i e s  ( 6 ) .  

Resul t s  of some of t h e s e  tests, on both unbleached and bleached su lpha te  
pulps,  a r e  given i n  t a b l e  4 .  For comparison, r e s u l t s  on a  sample of young 
temperatezone Eucalyptus regnans and on t h e  mixed spec i e s  hardwoods from 
the  Gogol timber a r e a ,  PNG a r e  included. The former m a t e r i a l  is  regarded 
a s  extremely acceptab le  f o r  commercial pulping opera t ions .  Resu l t s  of 
NSSC pulping tests on some of t h e  wood spec i e s  a r e  given i n  t a b l e  5. 

Unfortunately t h e  p l a n t a t i o n  samples a r e  not  a l l  t h e  same age,  but t h e  
v a r i a t i o n  does not  preclude a  u se fu l  comparison of t h e i r  p rope r t i e s .  
General ly ,  t h e  p l a n t a t i o n  spec i e s  requi red  less a l k a l i  t o  pulp t o  a  s i m i l a r  
Kappa number, gene ra l ly  produced higher  y i e l d s  of pulp,  and had supe r io r  
s t r e n g t h  p r o p e r t i e s  t o  nixed t r o p i c a l  hardwoods from t h e  v i r g i n  f o r e s t s .  
Acacia a u r i c u l i f o r m i s ,  A lb i z i a  f a l c a t a r i a ,  and Gmelina arborea gave high 
y i e l d s  of unbleached s u l p h a t e  pulps,  bu t  Terminalia b r a s s i i  needed a  
r e l a t i v e l y  h igh  concent ra t ion  of a l k a l i  and t h e r e f o r e  t h e  y i e l d  was 
s l i g h t l y  low. The bonding s t r e n g t h s  of t hese  fou r  pulps  were e x c e l l e n t ,  
and t e a r i n g  r e s i s t a n c e  was a l s o  high i n  some cases .  Bleached su lpha te  
pulps of high b r igh tnes s  were prepared from Eucalyptus deglupta  and 
Terminalia b r a s s i i .  Eucalyptus t e r e t i c o r n i s  and Melaleuca leucadendron, 
both 4 years ,  showed i n f e r i o r  su lpha te  pulping p r o p e r t i e s  compared wi th  
t h e  o t h e r  spec i e s  l i s t e d .  The NSSC pulps shown i n  t a b l e  5 would be  
s u i t a b l e  f o r  co r ruga t ing  medium and s i m i l a r  coarse  products ,  i f  cooked 
t o  t h e  higher  yield-higher  Kappa number l e v e l ,  and i n  some cases ,  i f  
cooked t o  a  lower Kappa number, could a l s o  be used a s  a  replacement f o r  
su lpha te  pulps.  

Because i t  i s  necessary ,  even wi th  plantation-grown woods, t o  ensure 
e f f i c i e n t  u t i l i z a t i o n  of t h e  a v a i l a b l e  m a t e r i a l  t h e  CSIRO l abora to ry  
pulping s t u d i e s  have a l s o  included tests on Eucalyptus deglupta  samples 
covering an  age range of 3 t o  20 years  t o  show t h e  optimum age f o r  
ha rves t ing  t h i s  p l a n t a t i o n  grown pulpwood ( 7 ) .  Spacing t r i a l  samples 
having considerably d i f f e r e n t  growth r a t e s  have been t e s t e d  t o  determine 
whether t h e  wood produced i n  considerably g r e a t e r  volume was a s  s a t i s -  
f a c t o r y  f o r  pulping a s  slower growing wood. Defect ive wood of Eucalyptus 
deglupta ,  caused by s o f t  r o t  o r  decay o r  b r i t t l e  h e a r t  a s  w e l l  a s  s t a i n e d  
heartwood, were inves t iga t ed  a l s o  t o  dec ide  whether such m a t e r i a l s  were 
s u i t a b l e  f o r  pulping and bleaching (10) . A s  mentioned e a r l i e r ,  more 
a t t e n t i o n  is being given t o  pulping p a r t s  of t h e  tree o t h e r  than t h e  
wood of t h e  merchantable bole .  lJi th young plantation-woods e s p e c i a l l y ,  
i t  would be an advantage t o  be a b l e  t o  pulp t h e  m a t e r i a l  without  removal 
of bark,  bo th  because of t h e  ga in  of a d d i t i o n a l  f i b r o u s  m a t e r i a l  and t h e  
d i f f i c u l t y  of economic removal from small diameter stems. Resul t s  of 
su lpha te  pulping and bleaching tests, on unbarked wood of plantation-grown 



Table 5 

P roper t i e s  of NSSC pulps f ron p o t e n t i a l  r e f o r e s t a t i o n  spec ies  

(i) Chips cooked with 15% Na2S03* a t  1 7 0 ' ~  f o r  2 h 

(ii) Chips cooked with 25% Na2S03* a t  1 8 0 ' ~  f o r  3 h 

* Based on 0.d. wood 

+ 0.d. pulp  a s  a percentage of  0.d. wood 

Tes ts  made on 120 g/m2 handsheet 

US = unscreened pulp 

Source of d a t a  Ref (7) (8)  (9) 

A t  250 Csf 

Acacia a.~Y.iculifornis 

Albizia fatcataria 

Eucalyptus deglupta 

Eucalyptus tere t i c o m i s  

Ghe l ina arborea 

Terrinalia brass i i  

Tear 
index 

( m ~  m2/g) 

9 . 1  
10.2 

6 -6  
7.7 

7.5 
9.9 

6 .O 
7.6 

7.4 

6 -9 
6.8 

Age 
(yr) 

10 

7 

11 

4 

5 

9 

Screened 
yield' 

(%)  

76.2( i )  
65.6 (ii) 

74.5( i )  
6 4 . 4 ( i i )  

78.7(ilUS 
65.4 (ii) US 

63 .9 ( i )  
56.2 (ii) 

76.4(i)  

72 .0 ( i )  
6 1 . 2 ( i i )  

Kappa 
number 

119 
78 

126 
84 

148 
98 

15 2 
1.11 

14 1 

138 
100 

Breaking 
length 

(km) 

9.2 
10.7 

9.6 
11.3 

8 . 1  
9.4 

4.7 
5.4 

7 .1  

11.5 
13.2 

crush4 
r e s i s t a n c e  

(CMT) 
(N)  

345 
39 5 

36 0 
375 

39 5 
386 

30 5 
3 15 

320 

390 
4 30 



Eucalyptus deglupta  and Terminal ia  b r a s s i i ,  showed t h a t  i t  should be 
p o s s i b l e  t o  pulp t h e s e  p l a n t a t i o n  spec i e s  on a  commercial s c a l e ,  without  
removing t h e  bark  and wi thout  any s u b s t a n t i a l  change t o  t h e  normal 
pulping and b leaching  cond i t i ons  used f o r  unbarked wood (8) (10). 

Northern Aus t r a l i an  Species  

The pulping p o t e n t i a l  of two spec i e s  from Northern A u s t r a l i a ,  AnthocepI~alus 
ch inens i s  (2-112 yea r s )  and Sesbania grand i f  l o r a  (4-112 years )  have a l s o  
been examined (11).  Anthocephalus ch inens i s  should be s u i t a b l e ,  i n  e i t h e r  
t h e  unbarked o r  debarked s t a t e ,  f o r  su lpha t e  pulp product ion and subsequent 
u se  f o r  bo th  unbleached and bleached papers .  Sesbania  g r a n d i f l o r a ,  pulped 
a f t e r  bark  removal, produced moderately low y i e l d s  of su lpha t e  pulp 
s u i t a b l e  f o r  a  l im i t ed  range o f  end products .  The NSSC pulping and paper- 
making p r o p e r t i e s  of Anthocephalus ch inens i s  (without bark)  were considered 
adequate  f o r  v a r i o u s  end products ,  bu t  NSSC pulp from Sesbania g r a n d i f l o r a  
could probably be used only f o r  cor ruga t ing  medium. 

S u i t a b i l i t v  f o r  End Products  

An assessment of t h e  s u i t a b i l i t y  of Eucalyptus deglypta ,  Terminal ia  
b r a s s i i ,  Acacia a u r i c u l i f o r m i s ,  Gmelina a rbo rea ,  A lb i z i a  f a l c a t a r i a ,  
Anthocephalus c h i n e n s i s ,  and Sesbania  g r a n d i f l o r a  f o r  unbleached k r a f t  
and NSSC pulp product ion has  been at tempted.  Considering these  spec i e s  
gene ra l l y  on t h e  b a s i s  of pulp y i e l d ,  pulp s t r e n g t h ,  and b a s i c  d e n s i t y ,  
an  approximate ranking i n  o rde r  of decreas ing  s u i t a b i l i t y  is given i n  
t a b l e  6 .  Eucalyptus t e r e t i c o r n i s  and Melaleuca leucadendron pulps  were 
no t  included i n  t h e  ranking.  The Anthocephalus ch inens i s  and Sesbania 
g r a n d i f l o r a  samples eva lua ted  were very  young. A s  it has  been shown 
r e c e n t l y  t h a t  plantation-grown Eucalyptus deglupta  (7) and Eucalyptus 
g lobulus  (12) pulping and papermaking p r o p e r t i e s  improve over t h e  f i r s t  
few yea r s ,  then  i t  is  probable  t h a t  o l d e r  wood of Anthocephalus and 
Sesbania,  up t o  say  8  o r  1 0  yea r s ,  would produce pulp of b e t t e r  q u a l i t y .  
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  Acacia a u r i c u l i f o r m i s  appears  a t  t h e  top  
of each l ist .  This  s p e c i e s  was found t o  be extremely s u i t a b l e  f o r  bo th  
su lpha t e  and NSSC pulps .  However, a l l  of t h e  s p e c i e s  on t h i s  l i s t  should 
be s u i t a b l e  f o r  su lpha t e  and NSSC pulp product ion,  i r r e s p e c t i v e  of ranking.  

Wood y i e l d  has  no t  been taken  i n t o  cons ide ra t i on  i n  t h e  l i s t i n g  because 
r e l i a b l e  d a t a  were not  a v a i l a b l e ,  bu t  t h i s  important  f a c t o r  should no t  be 
overlooked i n  pulpwood assessment .  Frequent ly ,  spec i e s  which have h igh  
growth r a t e s  have q u i t e  low b a s i c  dens i ty .  Although such wood can 
gene ra l l y  be  r e a d i l y  pulped t o  produce h igh  y i e l d s  of pulp from a  given 
weight of ch ips ,  t h e s e  low d e n s i t y  woods may no t  provide a  s a t i s f a c t o r y  
pulp y i e l d  per  h e c t a r e  of p l a n t a t i o n  on a  weight b a s i s .  Low b a s i c  d e n s i t y  
a l s o  i n c r e a s e s  wood and ch ip  handl ing c o s t s  and reduces d i g e s t e r  product ion 
capac i ty .  Consequently, t h e  f i n a l  choice of spec i e s  w i l l  probably be 
r e l a t e d  t o  t h e  economics of  a  p a r t i c u l a r  s i t u a t i o n .  

The importance of ensur ing  t h a t  t h e  spec i e s  considered s u i t a b l e  f o r  
p l a n t i n g  i n  a  p a r t i c u l a r  t r o p i c a l  f o r e s t  a r e a  w i l l  produce pulp wi th  



Table 6 

S u i t a b i l i t y  o f  t rop ica l  hardwood plantat ion  s p e c i e s  

for  pulp and paper products 

Unbleached k r a f t  pulp NSSC pulp 

(Bag and wrapping papers, (Corrugating medium and higher 
linerboards) grade products 

1. Acacia auricuZifornris 1. Acacia adcuZi formis  

2. GneZina arborea 2. EucaZyptus degtupta 

3. EucaZyptvs QegZupta 3.  TernrinaZia brassi i  

TernriruzZia brassi i  AZbizia fatcataria 

AZbizia fazcatcrria 5 .  Gne Zina arborea 
6 .  AnthocephaZus chinensis 6 .  AnthocephaZus chinznsis 

7 .  Sesbania grandiflora 7 .  Sesbania grandi flora 
(corrugating medium only)  



s a t i s f a c t o r y  p r o p e r t i e s  f o r  t h e  s p e c i f i c  needs of t h e  i n d u s t r y  must be 
s t r e s s e d .  However, no matter what advantages plantation-grown trees may 
have over t h e  n a t u r a l  resource ,  i t  i s  un l ike ly  t h a t  any one spec i e s  w i l l  
provide a l l  t h e  des i r ed  p r o p e r t i e s  f o r  a range of pulp and paper products .  
Thus, f o r  maximum b e n e f i t ,  i t  may prove adv i sab l e  t o  r e p l a n t  w i th  a number 
of spec i e s .  Optimum q u a l i t y  f o r  d i f f e r e n t  end uses  can then  be a t t a i n e d  
by mixing, be fo re  pulping. This  a l lows  t h e  v a r i o u s  components t o  com- 
pensa te  f o r  any de f i c i ency  i n  t h e  i nd iv idua l s .  The shortcomfngs of 
c e r t a i n  fast-grown spec i e s  w i t h  r e spec t  t o  growing cond i t i ons ,  t h e  e f f e c t  
of c e r t a i n  wood p r o p e r t i e s  such a s  d e n s i t y ,  v e s s e l  s i z e ,  and frequency, 
and t h e  i nhe ren t  dangers of a monoculture, a l s o  favour t h e  es tab l i shment  
of a range of spec i e s .  Recent t e s t s  a t  our l abo ra to ry ,  on many of t h e  
above s p e c i e s ,  have shown t h a t  i t  is poss ib l e  t o  p r e d i c t  t h e  p r o p e r t i e s  
of two and t h r e e  component mixtures  from t h e  pulping and papermaking 
r e s u l t s  on i n d i v i d u a l  samples (13). 

I n  t h e  immediate f u t u r e  our work on r e f o r e s t a t i o n  s p e c i e s  w i l l  be con- 
cen t r a t ed  on mechanical pulping. The s u i t a b i l i t y  of fast-growing hard- 
wood s p e c i e s  f o r  t h e  product ion of groundwood from impregnated b i l l e t s ,  
r e f i n e r  mechanical,  cold soda semichemical, and thermomechanical pu lps  
w i l l  be  i nves t i ga t ed ,  and t h e  prospec ts  f o r  t h e  u se  of t he se  spec i e s  i n  
newsprint manufacture w i l l  be assessed .  

DISCUSS I O N  

Even though i t  is n a t u r a l  t h a t  i ndus t ry  should p r e f e r  even-aged, f a s t -  
growing p l a n t a t i o n  m a t e r i a l  f o r  t h e i r  ope ra t i ons ,  t h e  n a t u r a l  growth mixed 
spec i e s  f o r e s t s  must not  be explo i ted  merely t o  make way f o r  p l a n t a t i o n  
schemes. Furthermore, f e l l i n g  c a r r i e d  out  merely t o  c l e a r  t h e  a r e a ,  even 
t o  provide land f o r  a g r i c u l t u r e ,  should not  be t o l e r a t e d .  I n  such c i r -  
cumstances, t h e  n a t u r a l  r e sou rces  could,  a t  t h e  very  l e a s t ,  be chipped 
and exported f o r  u t i l i z a t i o n  elsewhere.  

The mixed t r o p i c a l  hardwoods from many a r e a s  have a l r eady  been proved 
s u i t a b l e  f o r  pulping and papermaking and planned r e sea rch  can provide 
answers t o  f u r t h e r  improve t h e  u t i l i z a t i o n  of t h e  e x i s t i n g  t r o p i c a l  
f o r e s t s .  With g r e a t e r  e f f o r t  t h e  c u r r e n t  l e v e l  of wastage of raw m a t e r i a l s  
can be reduced and t h e  l i f e  of t h e  remaining t r o p i c a l  r a i n f o r e s t s  can be 
extended. 

Some examples of how planned r e sea rch  can provide a b a s i s  f o r  improved 
u t i l i z a t i o n  have been given. However, t h e  requirements  i n  v a r i o u s  a r e a s  
w i l l  v a ry  g r e a t l y .  For example, i n  t h e  t imber a r e a s  under review i n  PNG, 
i t  had been decided t h a t  c l e a r  f e l l i n g  would be t h e  most s u i t a b l e  pro- 
cedure t o  provide m a t e r i a l  f o r  i n t eg ra t ed  sawmilling, veneer ,  and pulping 
i n d u s t r i e s .  Re fo re s t a t i on  would then c o n t r i b u t e  a cont inuous timber supply 
through the  establ ishment  of fast-growing hardwood p l a n t a t i o n s .  The 
high volume product ion from such p l a n t a t i o n s  would a l low some a r e a s  of 
p rev ious ly  fo re s t ed  land t o  be used f o r  a g r i c u l t u r e .  I f  w e  cons ider  
o t h e r  s i t u a t i o n s ,  d i f f e r e n t  circumstances may p r e v a i l  which would r e q u i r e  
d i f f e r e n t  u t i l i z a t i o n  programmes. Such s i t u a t i o n s  could inc lude :  Fo re s t s  



con ta in ing  slow growing t r o p i c a l  hardwoods which may be growing on poor 
s o i l s  where r egene ra t i on  of any timber r e sou rce  could be a  problem; f o r e s t  
ope ra t i ons  where s e l e c t i v e  logging i s  p rac t i ced  followed by enrichment 
p l an t ing  a s  necessary ;  u t i l i z a t i o n  of mixed d i p t e r o c a r p s  t h a t  may cause 
product ion problems because some of t h e  t imbers  have a  high r e s i n  conten t .  
Furthermore, i n  c o u n t r i e s  where wood us ing  indus t r2es  a r e  w e l l  e s t a b l i s h e d  
q u a n t i t i e s  of waste  wood a r e  a v a i l a b l e  f o r  use.  Land c l e a r i n g  schemes 
f o r  a g r i c u l t u r a l  u se  a r e  a l s o  producing enormous q u a n t i t i e s  of r e s i d u e  
m a t e r i a l  i n  some a r e a s ,  and t h i s  m a t e r i a l  needs t o  be considered f o r  
u t i l i z a t i o n ,  perhaps f o r  woodchips f o r  expor t ,  a s  suggested e a r l i e r ,  o r  f o r  
l o c a l  pulp product ion.  

Re fo re s t a t i on  i s  a  requirement common t o  every count ry ,  bu t  an accep tab l e  
programme w i l l  be g r e a t l y  dependent on t h e  f o r e s t r y  p r a c t i c e s  which vary  s o  
widely i n  each. Establ ishment  of coni fe rous  o r  hardwood p l a n t a t i o n s ,  
enrichment p l a n t i n g ,  n a t u r a l  r egene ra t i on ,  o r  even coppice product ion 
from e x i s t i n g  s tock  a r e  among t h e  op t ions  pos s ib l e .  The dec i s ions  a r e  more 
d i f f i c u l t  when they must be made i n  conjunc t ion  with environmental 
c o n s t r a i n t s  app l i ed  f o r  safeguarding t h e  n a t u r a l  o r  e x i s t i n g  resources .  

Thus i f  t h e  u t i l i z a t i o n  of mixed t r o p i c a l  f o r e s t  r e sou rces  i s  t o  be  improved, 
c l o s e  a t t e n t i o n  must be  g iven  to  t h e  s i t u a t i o n  e x i s t i n g  i n  each a r e a .  A s  
pointed ou t  by Grant (14) ,  w i t h  t r o p i c a l  f o r e s t s  no two sets of cond i t i ons ,  
no two r eg ions ,  and no two types  of f o r e s t  a r e  a l i k e ,  and each p r o j e c t  
should be considered s e p a r a t e l y  and assessed  on i t s  own m e r i t s .  I n  temperate  
zone f o r e s t s  we have accepted t h e  f a c t  of extremes of q u a l i t y  when 
d i f f e r e n t  spec i e s ,  r eg ions ,  or  growth cond i t i ons  occur .  The same must be  
accepted f o r  t r o p i c a l  f o r e s t  r e sou rces .  I n  ach iev ing  improved u t i l i z a t i o n  
of t h e s e  r e sou rces  t h e r e  i s  a  cont inu ing  need f o r  adequate  sampling 
ope ra t i ons  and t e s t i n g  programmes, a  need f o r  l i a i s o n  wi th  l o c a l  a u t h o r i t i e s  
i n  determining f u t u r e  u t i l i z a t i o n  programmes, a  need t o  r e a l i z e  t h e  
importance of reducing waste i n  both t h e  f o r e s t  and i n d u s t r y ,  i n  s p i t e  of 
an  apparen t  l o c a l  abundance of raw m a t e r i a l  i n  many t r o p i c a l  c o u n t r i e s  and, 
f i n a l l y ,  a  need t o  acknowledge t h e  n e c e s s i t y  f o r  r e f o r e s t a t i o n  t o  maintain 
f o r e s t  r e sou rces  f o r  t h e  f u t u r e .  

A l a r g e  number of co l l eagues  have con t r ibu t ed  t o  t h e  l abo ra to ry  work 
desc r ibed ,  and t h e  va r ious  members of t h e  Pulping Group a t  t h e  CSIRO 
Divis ion  of Chemical Technology a r e  thanked f o r  t h e i r  a s s i s t a n c e .  
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E. D. Ha r r i e s ,  D .  McIntosh, K. J .  White, and A.  Yauieb, and t o  t h e  Di rec tor  
of t h e  Sarawak Fores t  Department, Malaysia,  Mr. J. Yong, and s t a f f  
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ABSTRACT 

By means of a  modified c e n t r a l  composite s t a t i s t i c a l  des ign ,  t h e  e f f e c t s  
on y i e l d ,  v i s c o s i t y ,  Kappa number, and b r i g h t n e s s  of t h r e e  var iables--  
% s u l p h i d i t y ,  % a c t i v e  a l k a l i ,  and "H" factor--were t e s t e d  i n  t h e  k r a f t  
pulping of a  mixture  of 74 s p e c i e s  of Ivory Coast hardwoods. From 
10  cooks, i t  was determined t h a t  s u l p h i d i t y  was t h e  v a r i a b l e  w i th  l e a s t  
e f f e c t ,  and i t  was accord ingly  held cons t an t ,  a t  27%, i n  a  subsequent 
s e r i e s  of experiments,  based on an or thogonal  (2-factor:  % a c t i v e  a l k a l i  
and "H" f a c t o r )  composite des ign  aimed a t  op t imiz ing  the  condi t ions .  The 
most s i g n i f i c a n t  e f f e c t s  of v a r i a t i o n s  i n  t he  two f a c t o r s  were on t o t a l  
pulp y i e l d ,  sc reen  r e j e c t s ,  v i s c o s i t y ,  and t e n s i l e  breaking l e n g t h ,  and 
the  optimum v a l u e s  were: a c t i v e  a l k a l i ,  15.5%; "H" f a c t o r ,  1700. A 
f ive-s tage  D/CEDED bleaching  sequence gave pulp of 88.9% (Elrepho) 
b r i g h t n e s s ,  wi th  breaking l e n g t h  9.4 km, t e a r  index 13.8 d q - m 2 / g ,  b u r s t  
index 6.5 k ~ a . r n ~ / ~ ,  and f o l d i n g  endurance (MIT) of 688--a11 a t  300 m l  CSF. 



BLEACHED KRAFT PULP FROM MIXED HARDWOODS 

FROM IVORY COAST FORESTS 

G.  J. Kubes, 
B. C .  Garner,  
H. I. Bolker 

INTRODUCTION 

The Ivory Coast ,  o r ,  more proper ly ,  La Republique de ~ 8 t e  d l I v o i r e ,  
i s  an e q u a t o r i a l  country,  326,000 kmL i n  a r e a .  I ts  southern boundary 
runs  almost due east-west a long  t h e  shore  of t h e  Gulf of Guinea a t  about 
5' N l a t i t u d e ,  and i t s  no r the rn  border meanders about t h e  t e n t h  p a r a l l e l .  
An e q u a t o r i a l  f o r e s t  zone ( f i g .  1 )  l i e s  n o r t h  of a c o a s t a l  f r i n g e ,  and 
i s  never  more than  65 km, and sometimes only 7 km, from t h e  s ea .  A 
hundred yea r s  ago, t h e  e q u a t o r i a l  f o r e s t  zone formed a cont inuous band 
more than 200 km wide. Now only the  western reg ion  is n a t u r a l  f o r e s t ,  
whi le  t h e  e a s t e r n  reg ion  has  been p a r t l y  c l ea red  f o r  p l a n t a t i o n s  (1) .  - 

The f o r e s t s  of t h e  Ivory  Coast c o n s t i t u t e  i t s  primary n a t u r a l  resource ,  
and a t imber i n d u s t r y  was e s t a b l i s h e d  t h e r e  whi le  t h e  count ry  was s t i l l  
a French colony. Since Independence, i n  1960, t h e  Ivory  Coast has 
become f i r s t  i n  Af r i ca  and second i n  t h e  world a s  an  expor t e r  of 
t r o p i c a l  wood (1). 

Given t h e  t imber i n d u s t r y  a s  a base ,  i t  was l o g i c a l  t o  contemplate 
expansion i n t o  pulp manufacture a s  a v e h i c l e  f o r  f u r t h e r  i n d u s t r i a l i -  
z a t i on .  S t eps  t o  t h i s  end were f i r s t  taken n e a r l y  30 y e a r s  ago, when 
the  French government f inanced t h e  cons t ruc t ion  and ope ra t i on  (1951-4) 
of a 3,000-5,000 tonne/y p i l o t  pulp and paper m i l l  a t  Bimbresso, nea r  
Abidjan (2 ,3) .  - - The m i l l  made paper t h a t  was s a i d  t o  be of higher  
q u a l i t y  than t h e  paper made a t  t h a t  t i m e  from European hardwoods, and 
equa l  t o  paper made from Maritime p ine  (2). The i n t e r n a l  market was 
n o t  l a r g e  enough t o  permit c o n s i d e r a t i o n o f  a f u l l - s i z e ,  economic-scale 
m i l l .  Never the less ,  t h e  Bimbresso p r o j e c t  c o n s t i t u t e d  a demonstrat ion 
t h a t  t h e r e  were s i g n i f i c a n t  f u t u r e  p o s s i b i l i t i e s  f o r  making pulp ,  not  
on ly  i n  t h e  Ivory  Coast ,  b u t  a l s o  i n  many o t h e r  t r o p i c a l  a r e a s .  

Beginning i n  1965, v a r i o u s  schemes were considered f o r  bu i ld ing  a pulp 
m i l l  of commercial s i z e  i n  t h e  Ivory  Coast.  A t  t h e  same t i m e ,  t h e  
p o r t  of San Pedro, 320 km w e s t  of Abidjan, was being planned and b u i l t ;  
it was opened i n  1971 (1). Since t h e r e  a r e  2.5 m i l l i o n  h e c t a r e s  of 
n a t u r a l  f o r e s t  (2) i n  the v i c i n i t y  of San Pedro, t h e  i d e a  was conceived, 
i n  1970, of b u i l d i n g  a pulp m i l l  t he re .  I t  would have a capac i ty  C3) - 
of 250-300,000 t / y  of bleached k r a f t  market pulp aimed, no t  a t  t h e  
domestic,  o r  even t h e  Afr ican  market, b u t  a t  t h e  world market (pr imar i ly  
Europe). 
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F i g u r e  1.--Yap o f  t h e  I v o r y  Coast  showing t h e  l o c a t i o n  o f  t h e  u t i l i z a b l e  
f o r e s t  (1). - 
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From t h e  t e c h n i c a l  po in t  of view, a complicat ing f a c t o r  i n  t h i s  plan 
i s  t h e  complexity of t h e  mixture of a v a i l a b l e  spec i e s  i n  t h e  San Pedro 
forest--some 100 of them, r a t h e r  uniformly d i s t r i b u t e d .  According t o  
t h e  f o r e s t  inventory,  no s p e c i e s  c o n s t i t u t e s  more than 13% of t h e  
mixture,  and only s i x  spec i e s  con t r ibu te  more than 3% each t o  t h e  
mixture.  Forty-f ive spec i e s  each con t r ibu te  less than 1%, w i t h  the  rest 
i n  between. Examined ind iv idua l ly ,  t hese  spec i e s  show a broad range 
of responses t o  k r a f t  pulping condi t ions .  Therefore,  beginning i n  1971, 
t h e  behaviour of  t he  heterogeneous wood mixture was i n v e s t i g a t e d  by t h e  
C.T.F.T. (Centre Technique F o r e s t i e r  Tropica l ,  i n  France) i n  a programme 
t h a t  included papermaking t r i a l s  a s  w e l l  a s  p i l o t - p l a n t  cooking. It 
was concluded (3) t h a t  mixed hardwoods from t h e  San Pedro region could 
be used t o  make-mrketable pulp d e s p i t e  t h r e e  disadvantages r e l a t i v e  
t o  temperate hardwoods: (a) 2-4% mre a l k a l i  requi red  f o r  cooking; 
(b) somewhat lower y i e l d ;  and (c) t he  need f o r  an e x t r a  s t a g e  of bleaching. 

I n  accordance wi th  recommendations made by t h e  s c i e n t i s t s  a t  C.T.F.T., 
a k r a f t  pulping t r i a l  was conducted i n  October 1974, a t  Hualien i n  
Taiwan, a t  t he  nil1 of t h e  Chung Hwa Pulp Corporation which a l ready  
processes  t r o p i c a l  hardwood and has a capac i ty  of about 100,000 t / y .  
Nearly 5,000 t of a mixture of 76 spec i e s  of Ivor ian  wood was pulped and 
bleached (CEHDED) over  t h e  course of 12 days. The unbleached y i e l d  
was 482, and t h e  shrinkage on bleaching was 10%. The p r o p e r t i e s  of t h e  
pulp a r e  shown i n  t a b l e  6.  

A t  about t he  t i m e  of t he  t r i a l  a t  Hualien, w e  undertook, i n  our  labora-  
t o r i e s ,  some prel iminary s t u d i e s  on the  pulping and bleaching of t h e  
mixture of Ivor ian  hardwoods. The r e s u l t s ,  taken toge ther  with those  
of t h e  m i l l  t r i a l ,  suggested t h a t  t he  p r o p e r t i e s  of t h e  pulp might be 
improved by opt imizing some of t h e  parameters of t h e  pulping and 
bleaching processes .  This  op t imiza t ion ,  then, was the  o b j e c t i v e  of t h e  
work descr ibed  i n  t he  p re sen t  paper. Optimization was approached by 
conducting two series of s t a t i s t i c a l l y  designed experiments. I n  t h i s  
way, condi t ions  have been found which improved b r igh tnes s ,  t e a r  index, 
b u r s t  index, and t e n s i l e  breaking length.  

MATERIALS AND METHODS 

Analysis  

A l l  chemical ana lyses  and phys ica l  tests were performed according t o  t h e  
CPPA (Technical Sec t ion)  s tandards .  

Prepara t ion  of Wood 

A t o t a l  of 77 spec i e s  of wood was co l l ec t ed  i n  t he  Ivory Coast ,  c a r e f u l l y  
i d e n t i f i e d ,  and sprayed on t h e  bark wi th  Cryptogyl DCG, a p re se rva t ive  
meant t o  p r o t e c t  t h e  wood a g a i n s t  b i o l o g i c a l  d e t e r i o r a t i o n  dur ing  pro- 
longed s torage .  When t h e  wood was received i n  t he  l abo ra to ry ,  each l o g  
was barked ( thus  removing the  p re se rva t ive ) ,  chipped, and screened. 
Then t h e  ch ips  of 74 of t h e  spec i e s  (excluding those known as Dobotou, 
Kotibe, and Sougue) were combined i n  t h e  weight propor t ions  c l o s e l y  



r e p r e s e n t i n g  t h e i r  d i s t r i b u t i o n  i n  t h e  n a t u r a l  f o r e s t ,  and t h e  m i x t u r e  
was homogenized. The m o i s t u r e  c o n t e n t  of t h e  m i x t u r e  was determined,  
and t h e n  30 c h a r g e s ,  each  of 2 kg  (0.D. b a s i s ) ,  were weighed, wrapped 
i n  i n d i v i d u a l  a i r - t i g h t  heavy d u t y  po lye thy lene  bags ,  and s t o r e d  i n  a 
c o l d - s t o r a g e  room (4' C) u n t i l  r e q u f r e d  f o r  pu lp ing .  

P u l p i n g  

A l l  t h e  p u l p i n g  exper iments  were performed i n  a 20-R e x p e r i m e n t a l  
d i g e s t e r .  The c o n s t a n t  c o n d i t i o n s  of o p e r a t i o n  are shown i n  t a b l e  1. 
The v a r i a b l e s  i n  t h e  f i r s t  s t a t i s t i c a l l y  des igned  series were s u l p h i d i t y ,  
a c t i v e  a l k a l i ,  and f i n a l  + f a c t o r  (see " S t a t i s t i c a l  Design," below).  
I n  t h e  second s e r i e s ,  s u l p h i d i t y  was he ld  c o n s t a n t  a t  27.0%. I n  b o t h  
series, t h e  f i n a l  8 - f a c t o r  determined t h e  t o t a l  cooking t i m e .  

S t a t i s t i c a l  Design 

S t a g e  1 

P r e l i m i n a r y  exper iments  i n d i c a t e d  t h a t  o p t i m i z a t i o n  of p u l p  p r o p e r t i e s  
( t h e  dependent v a r i a b l e s )  might be  achieved by manipu la t ing  on ly  t h r e e  
of t h e  independent  v a r i a b l e s  w i t h i n  t h e  f o l l o w i n g  ranges :  s u l p h i d i t y ,  
24.5-29.5%; a c t i v e  a l k a l i ,  15.5-18.5%; and f i n a l  H-factor ,  1400-2000. 
T h e i r  e f f e c t s  were i n v e s t i g a t e d  by a p p l y i n g  t h e  modif ied composi te  
d e s i g n  (4) shown i n  f i g u r e  2 .  Ten cooks were done i n  t h e  random o r d e r  
i n d i c a t e d  on t h e  diagram, w i t h  t h e  cook a t  t h e  c e n t r e  of t h e  cube b e i n g  
done i n  d u p l i c a t e  i n  o r d e r  t o  permit  e v a l u a t i o n  of exper imenta l  e r r o r .  
The r e s u l t s  were analyzed g r a p h i c a l l y .  

S tage  2 

S ince  t h e  r e s u l t s  of S tage  1 e l i m i n a t e d  s u l p h i d i t y  as a v a r i a b l e ,  i t  
was h e l d  a t  27.0%, and o n l y  two independent  v a r i a b l e s  were t e s t e d  i n  
S tage  2 i n  t h e  f o l l o w i n g  ranges :  a c t i v e  a l k a l i ,  14.0-17.0%; f i n a l  H-factor ,  
1400-2000. An o r t h o g o n a l  composite d e s i g n  was used ( f i g .  3 ) ,  r e q u i r i n g  
1 0  cooks ,  i n c l u d i n g  d u p l i c a t e s  a t  t h e  c e n t r e ,  performed i n  t h e  random 
o r d e r  i n d i c a t e d  on t h e  diagram. 

Bleaching 

Only p u l p s  p repared  under t h e  optimum c o n d i t i o n s  were b leached .  The i r  
Kappa numbers were 25.3  and 28.7. Four b l e a c h i n g  sequences  were t e s t e d ,  
CED, CEDED, CEHDED, and D/CEDED. The p rocedures  have been d e s c r i b e d  
elsewilere (5). C o n d i t i o n s  f o r  each  s t a g e  are g iven  i n  t a b l e  2.  

RESULTS AM) DISCUSSION 

P u l p i n g  

I n  the f i r s t  s t a t i s t i c a l l y  des igned  series of 1 0  cooks ,  s u l p h i d i t y ,  
a c t i v e  a l k a l i ,  and f i n a l  H-factor  were v a r i e d  ( f i g .  2) w h i l e  a l l  o t h e r  
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Figure 2 . - -Cent ra l  composite des ign ,  s t a g e  1. The numbers a t  
each poin t  show t h e  order  i n  which t h e  cooks were done. 
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Figure  3.--Orthogonal composite des ign ,  s t a g e  2. The numbers.. a t  each 
po in t  show the  order  i n  which the  cooks were done. 



v a r i a b l e s  were held cons tan t  O a b l e  1 ) .  The y i e l d ,  Kappa number, and 
v i s c o s i t y  of each pulp were determined, a s  w e l l  a s  a l l  t h e  s t r e n g t h  
p rope r t i e s .  The r e s u l t s  of t he  two cooks a t  t h e  c e n t r e  of t h e  des2gn 
showed t h a t  t h e  range of experimental e r r o r  was probably q u i t e  small: 
t o t a l  pulp y i e l d ,  46.2% and 46.5%; Kappa number, 24.7 and 24.6; and 
v i s c o s i t y ,  24.9 mPa-s and 26.2 @a-s .  

When t h e  r e s u l t s  were p l o t t e d  a s  graphs of t h e  dependent v a r i a b l e s  
versus  t he  independent v a r i a b l e s ,  it  was apparent  t h a t  formal a n a l y s i s  
of var iance  was not  needed, s i n c e  inspec t ion  a lone  provided t h e  
fol lowing observa t ions  (appl icable  wi th in  t h e  ranges of v a r i a b l e s  
t e s t e d )  : 

Kappa number--Even under t h e  mi ldes t  cooking condi t ions  t e s t e d ,  15.5% 
a c t i v e  a l k a l i  and 1400 H-factor,  t he  Kappa numbers of the  pulps were 
never above 30, which was t h e  upper l i m i t  s p e c i f i e d  f o r  good bleach- 
a b i l i t y ;  t h e  v a r i a t i o n  of s u l p h i d i t y  had no s i g n i f i c a n t  e f f e c t  on 
Kappa numbers. 

Viscosity--At 15.5% a c t i v e  a l k a l i ,  t h e  v i s c o s i t i e s  of t he  pulps were 
n e a r l y  t h e  same and i n  t h e  range of 30 mPaWs independent of H-factor; 
a t  18.5% a c t i v e  a l k a l i ,  v i s c o s i t y  a t  1400 H-factor was 19-23 mPa.s, and 
decreased (to 14-17 mPa-s) when the  H-factor was increased;  v a r i a t i o n  
of s u l p h i d i t y  had no s i g n i f i c a n t  e f f e c t .  

Tota l  yield--The h ighes t  y i e l d  was obtained a t  t he  lowest l e v e l  of 
a c t i v e  a l k a l i  (15.5%); v a r i a t i o n  of s u l p h i d i t y  had no s i g n i f i c a n t  e f f e c t .  

Breaking length--Two s e t s  of condi t ions  gave the  h ighes t  breaking lengths :  
( i )  low s u l p h i d i t y ,  high a c t i v e  a l k a l i ,  and high H-factor; and ( i i )  h igh  
s u l p h i d i t y ,  low a c t i v e  a l k a l i ,  and h igh  H-factor. 

Burst index--Two s e t s  of condi t ions  gave the  b e s t  b u r s t  index: ( i )  low 
s u l p h i d i t y ,  high a c t i v e  a l k a l i ,  and low H-factor; and ( i i )  h igh  
s u l p h i d i t y ,  low a c t i v e  a l k a l i ,  and h igh  H-factor; a t  t he  h igh  l e v e l  
of a c t i v e  a l k a l i ,  t h e  b u r s t  index va r i ed  inve r se ly  wi th  t h e  H-factor. 

Tear index--The t e a r  index was genera l ly  h ighes t  a t  t h e  low l e v e l  of 
H-factor and t h e  lowest s u l p h i d i t y ,  and exhib i ted  only a  smal l ,  poss ib ly  
i n s i g n i f i c a n t ,  dependence on a c t i v e  a l k a l i .  

Taking a l l  t he se  observa t ions  toge ther ,  i t  was concluded t h a t  a  second 
s e r i e s  of cooks was requi red  t o  explore t he  e f f e c t s  of a  lower range of 
a c t i v e  a l k a l i  w i th in  the  same range of H-factors. I n  t he  l i g h t  of t h e  
n e g l i g i b l e  e f f e c t  of s u l p h i d i t y  on y i e l d ,  Kappa number, and v i s c o s i t y ,  
i t s  va lue  i n  t h e  second s e r i e s  was f ixed  a t  27.0%, a s  a  compromise l e v e l  
around which breaking l e n g t h ,  t e a r  index, and b u r s t  index could be 
optimized. 
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Since t h e r e  were on ly  two v a r i a b l e s  i n  t h e  second s e r i e s ,  an  or thogonal  
composite des ign ,  r e q u i r i n g  10 cooks, was used (fig.  31.. The d u p l i c a t i o n  
of r e s u l t s  a t  t h e  c e n t r e  of t he  design was good wi th  r e spec t  t o  t o t a l  
pulp y i e l d  (47.2 and 47.4%) and v i s c o s i t y  (28.3 and 27.7 mPaSs),  bu t  t he  
d i f f e r e n c e  i n  Kappa numbers (25.3 and 28.7; A3.4) was l a r g e r  than 
expected. The experimental  e r r o r  can be  neglec ted ,  however, a s  judged 
from t h e  graphic  p r e s e n t a t i o n  of t he  r e s u l t s  i n  f i g u r e  4. Some of t h e  
s c a t t e r  i n  p o i n t s  r ep re sen t ing  s t r e n g t h  p r o p e r t i e s  was no doubt due t o  
t h e  f a c t  t h a t  2-kg samples of a mixture  of 74 s p e c i e s  could n o t  be  
completely homogeneous. In spec t ion  of f i g u r e  4 g ives  t h e  fol lowing 
observa t ions :  

Kappa number--At a low charge of a c t i v e  a l k a l i  (14%), t h e  H-factor had 
t o  be  g r e a t e r  than 1700 t o  produce a pulp with a Kappa number below 
t h e  t a r g e t  of 30; a t  15.5% o r  more of a c t i v e  a l k a l i  and H-factors no 
less than 1500 (corresponding t o  about 87 minutes a t  t h e  maximum 
cooking temperature  of 170" C ) ,  b leachable  pulps  were r e a d i l y  ob ta ined;  
17.0% of a c t i v e  a l k a l i  gave s o f t ,  b leachable  pu lps  even a t  an H-factor of 
1400. 

Viscosity--The charge of a c t i v e  a l k a l i  had a s i g n i f i c a n t  e f f e c t  on 
v i s c o s i t y ,  bu t  v i s c o s i t i e s  of 30 mPa-s, o r  more, were obtained a t  any 
l e v e l  of H-factor (within t h e  range t e s t e d )  i f  t h e  charge was 15.5% 
o r  less. 

T o t a l  yield--Since more than 1% of r e j e c t s  was considered unacceptable ,  
t h e  r e s u l t s  of t h e  second s e r i e s  ru led  ou t  t h e  u s e  of 14.0% of a c t i v e  
a l k a l i ,  bu t  showed t h a t  a t  15.5%, t he  h ighes t  p o s s i b l e  y i e l d  of acceptab le  
pulp,  with r e spec t  t o  both r e j e c t s  and Kappa number, might be  ob ta ined  
by cooking t o  about 1700 H-factor.  

Breaking length--Despite some s c a t t e r  i n  t h e  r e s u l t s ,  i t  appeared t h a t  
t h e  b e s t  breaking l eng ths  were achievable  by us ing  15.5% of a c t i v e  
a l k a l i ,  and cooking t o  an H-factor of 1700-2000. 

Burst  index--Despite some s c a t t e r  (within a small range) i t  appeared 
t h a t  15.5% of a c t i v e  a l k a l i ,  a t  H-factors of 1700 and 2000 gave t h e  
h ighes t  b u r s t  index. 

Tear index--The range of v a r i a t i o n  i n  t e a r  index was n o t  g r e a t ,  b u t  
i t  appeared t h a t ,  a t  15.5% a c t i v e  a l k a l i ,  cooking t o  an H-factor of 
1700 would g ive  a maximum va lue  of about 14 m ~ - m 2 / ~ .  

Together,  a l l  t he se  r e s u l t s  po in t  t o  t h e  c e n t r e  of t h e  second des ign  
(15.5% a c t i v e  a l k a l i ;  1700 H-factor) a s  r ep re sen t ing ,  a s  i t  should,  t h e  
optimum pulp ing  condicions.  The r e s u l t s  a l s o  suggest  t h a t  a t o t a l  y i e l d  
of about 47.5% cannot be exceeded, i f  s c r een  r e j e c t s  a r e  t o  be  kept  below 
1%. The cond i t i ons  i n  t a b l e  3 show how t o  pulp t h i s  mixture  of wood t o  
t h e  l e v e l  of 47.5% y i e l d ,  whi le  o p t i l l z i n g  t h e  phys i ca l  and chemical 
p r o p e r t i e s  of t he  pulp.  Repres,?:_,tdcive p r o p e r t i e s  a r e  shown i n  t a b l e  4. 



Table  4  a l s o  shows t h e  e f f e c t  o f  adding Dobotou, Kot ibe ,  and Sougue 
c h i p s ,  i n  t h e  p ropo r t i on  3.16, 0.74,  and 0.67%, r e s p e c t i v e l y ,  t o  t h e  
74 s p e c i e s ,  and then  pu lp ing  the whole .mixture  under t h e  c o n d i t i o n s  
determined a s  optimum f o r  t h e  74 s p e c i e s  a l one .  Unpublished, pre- 
l im ina ry  work done e lsewhere  on t h e  pu lp ing  of t h e  s p e c i e s  i n d i v i d u a l l y  
had suggested t h a t  t h e  t h r e e  s p e c i e s  w e r e  d i f f i c u l t  t o  pu lp ,  and should 
be omi t ted  from t h e  t r ia l s  on t h e  mixed woods. I n  f a c t ,  perhaps  
because t h e  t h r e e  "troublesome1' s p e c i e s  c o n s t i t u t e d  on ly  4.57% of t h e  
t o t a l ,  no d i f f i c u l t y  was encountered i n  pu lp ing  t h e  mix ture  t h a t  
con ta ined  them. The main d i f f e r e n c e s  a s s o c i a t e d  w i th  t h e i r  p resence  
appeared t o  be  a d e c r e a s e  bo th  i n  t o t a l  y i e l d  (by 1%) and i n  v i s c o s i t y  
(by 7-8 mPa-s) ,  b u t  a l l  t h e  s t r e n g t h  p r o p e r t i e s  a f t e r  b e a t i n g  f e l l  
w i t h i n  o r  c l o s e  t o  t h e  range  of exper imenta l  e r r o r .  It i s  p o s s i b l e  
t h a t  a s l i g h t  ad jus tment  i n  cooking cond i t i ons  i s  r equ i r ed  when t h e  
t h r e e  s'troublesome'l s p e c i e s  a r e  included i n  t h e  wood mix ture ,  b u t  t h e  
impor tan t  p o i n t  i s  t h a t  t h e i r  p resence  does  n o t  make t h e  mix ture  
unpulpable .  

Bleaching 

Pu lps  c o n t a i n i n g  t h e  "troublesomet '  s p e c i e s  were n o t  used i n  t h e  b l each ing  
t r ia ls ,  of which t h e  o b j e c t i v e  was t o  f i n d  a sequence o r  sequences  which 
would g ive  bleached pu lp s  of t h e  h i g h e s t  p o s s i b l e  q u a l i t y  a t  t h e  lowes t  
p o s s i b l e  c o s t  i n  chemicals .  Pu lp  from Cook No. 12 ( t a b l e  4)  was used 
t o  e v a l u a t e  t h r e e  sequences:  CED, CEDED, and CEHDED. Pu lp  from 
Cook No. 20 was used t o  e v a l u a t e  two v a r i a t i o n s  of a D/CEDED sequence. 

A s i n g l e  l a r g e  ba t ch  of pu lp  No. 12 was t aken  f o r  c h l o r i n a t i o n  and 
e x t r a c t i o n  (condi t ions  i n  t a b l e  2 ) ,  which gave a  p roduc t  w i t h  Kappa 
number 4.0 and v i s c o s i t y  21.3 mPa0s. T h i s  p roduc t  was t hen  d iv ided  i n t o  
two p a r t s ,  one tw ice  a s  l a r g e  a s  t h e  o t h e r .  The l a r g e r  p a r t  w a s  
ox id ized  w i th  c h l o r i n e  d iox ide ,  thus  p rov id ing  on t h e  one hand t h e  pulp 
t h a t  would b e  t e s t e d  as t h e  CED-bleached pu lp ,  and on t h e  o t h e r  hand, a 
p o r t i o n  t h a t  could be f u r t h e r  bleached t o  t h e  CEDED l e v e l .  The 
remaining t h i r d  of t h e  c h l o r i n a t e d  and e x t r a c t e d  pulp was bleached w i th  
h y p o c h l o r i t e  b e f o r e  t h e  DED sequence was app l i ed .  Unbleached pu lp  
No. 20 was d iv ided  i n t o  two p o r t i o n s  i n  o rde r  t o  test two v a r i a t i o n s  
of t h e  D/CEDED sequence; i n  one,  t h e  D / C  s t a g e  was done a t  40" C ,  and 
i n  t h e  o t h e r  a t  20" C. The d i f f e r e n c e  between t h e  l a t t e r  two sequences  
w a s  apparen t  i -dia te ly  a f t e r  t h e  f i r s t  e x t r a c t i o n .  The (D/C)40~ E- 
t r e a t e d  pu lp  had a Kappa number of 4 .5 ,  which i n d i c a t e d  adequa te  
c h l o r i n a t i o n  (c f .  t h e  CE-treated pulp w i t h  Kappa = 4 . 0 ) ,  wh i l e  t h e  
( D / C ) ~ ~ ~  E - t r e z e d  pulp had a Kappa number of 7.9. The d i f f e r e n c e  was 
r e f l e c t e d ,  of course ,  n o t  on ly  i n  t h e  f i n a l  p r o p e r t i e s  of t h e  pu lp s ,  
bu t  a l s o  i n  t h e  consumption of C102 i n  t h e  subsequent  b l each ing  s t a g e s .  

Although t h e  CEHDED sequence gave a s l i g h t l y  h ighe r  f i n a l  b r i g h t n e s s  
than t h e  CEDED sequence,  and,  as expected,  r equ i r ed  l e s s  C102 i n  t h e  
l a t e r  s t a g e s ,  t h e  l o s s  i n  v i s c o s i t y  caused by t h e  H-stage i s  r e f l e c t e d  
i n  t h e  somewhat poorer  s t r e n g t h  p r o p e r t i e s  of t h e  f i n a l  pu lp .  



The r e s u l t s  given i n  t a b l e  5 suggest t h a t ,  wi th  respec t  t o  f i n a l  
b r igh tness ,  v i s c o s i t y ,  and shrinkage., t h e  D/CEDED sequence (D/C a t  40' C) 
was the  b e s t  of those t e s t e d .  It was, h.owever, only s l i g h t l y  b e t t e r  than 
t h e  CEDED sequence, which gave a bleached pulp t h a t ,  d e s p i t e  a  measurably 
lower v i s c o s i t y ,  had n e a r l y  th.e same s t r e n g t h  p rope r t i e s  a s  the  pulp from 
the  D/CEDED sequence. 

CONCLUSIONS 

Table 6  shows the  p rope r t i e s  of t he  b e s t  bleached pulps produced i n  
t h e  course of t h e  present  research  compared with those  of Ivo r i an  pulps 
made elsewhere, and of some o the r  bleached hardwood pulps. The proper- 
t i e s  shown f o r  t he  o the r  pulps a r e  not  n e c e s s a r i l y  t h e  bes t  a v a i l a b l e ,  
but  a r e  those  t h a t  were published i n  a  previous r e p o r t  (3) on Ivor ian  
pulps.  A s t r i k i n g  f e a t u r e  of our bleached pulps i s  t h e i r  except ional ly  
high t e a r  s t r e n g t h ,  which may enhance t h e i r  marketabi l i ty .  

A sequence of improvement i s  evident  from p rope r t i e s  shown i n  t a b l e  6, 
because, while the  pulp from t h e  C.T.F.T. labora tory  s t u d i e s  was 
genera l ly  comparable i n  p r o p e r t i e s  t o  the  run-of-the-mill pulp from the  
Hualien m i l l ,  t h e  mi l l - sca le  pulping of t h e  Ivo r i an  wood gave an 
improvement i n  p rope r t i e s .  Optimization of pulping condi t ions ,  by means 
of a  s t a t i s t i c a l l y  designed s e r i e s  of experiments, gave a  f u r t h e r  
improvement. This  technique bea r s  f u r t h e r  app l i ca t ion  i n  examining the  
p o t e n t i a l  of new spec ie s  f o r  pulping. 

A s  t o  the  Ivo r i an  hardwood i t s e l f ,  c l e a r l y  a  pulp of more than adequate 
q u a l i t y ,  even r e l a t i v e  t o  commercial market pulps ( t ab le  61, could be 
made i n  a  20-11 d i g e s t e r  under optimized condi t ions .  I f  t hese  condi t ions  
can be dupl ica ted  a t  reasonable cos t  i n  a m i l l  of commercial s i z e ,  t h e  
product w i l l  be competi t ive i n  t h e  market p lace .  
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TARLE 1 

TARLE 2 

BLEACHING CONDITIONS 

Charge of wood chips,  kg ( o . D . )  

Presteaming wi th  1 . 4  atm s a t u r a t e d  steam: 
No. of purges 
Time of each purge, min. 

Liquor-to-wood r a t i o  (excluding wood moisture)  

I n i t i a l  l i q u o r  temperature, O C  

Maximum cooking temperature, O C  

Time t o  maximum cooking temperature, m i  n.  

2 .O 

3 
3 

4 :1 

80 

170 

90 

1) a s  a v a i l a b l e  chlor ine .  
2 )  amount added i n  CE s tage .  
3)  amount added i n  D/CE s t age .  

Stage 

Chlorination 

Chlorine dioxide - 
ch lo r ine  mixture 

Ex t rac t ion  

Hypochlori t e  

Chlorine dioxide 

Extrac t ion 

Chlorine dioxide 

Symbol 

c 

D / C  

E 1 

H 

D 1 

E2 

D2 

Chemicals 

C 1 2  

C10 
c12 

NaOH 

NaOCl 
NaOH 

C10 
NaOH 

NaOH 

c1o2 
NaOH 

Chemical 
charge, 

% on pulp 

5 -6 
4.5" 
1 .9  

3 . 0 ~ '  
3.53' 

1 .5  
0 .6 
1 . 0  
0 .4 

1 .0  

0.5 
0.2 

Consis- 
tency,  

% 

3 .5 

3.5 

1 0  .o 

10 .o 

10 .o 

1 0  .O 

10 .o 

Time, 
minutes 

4 5 

4 5 

90 

12 0 

180 

60 

180 

Temper- 
a t u r e  , 

O c  

24 

40 

70 

4 0 

60 

60 

60 
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FOR MIXED THOPI CAL HARDWOODS 

TABLE 4 

PROPERTIES~' OF U ~ L E A C H E D  PULPS P R E P A ~ D  FROM MIXED TROPICAL 
HARDWOODS UNDER OPTIMUM C O N D I T I O N S ~ ~  . 

Sulphidi ty ,  % 
Active a l k a l i  ( a s  N ~ ~ O ) ,  $ on O.D. wood 

Active a l k a l i  ( a s  ma20), g m / ~  

Liquor-to-wood r a t i o  (excluding mois ture)  

Maximum cooking temperature,  O C  

Time t o  maximum cooking temperature,  minutes 

Time a t  maximum cooking temperature, minutes 

H-f ac to r  

27 .O 

15 .5  

38.8 

4 : 1  

170 

90 

10 0 

1700 

1) Beating t ime,  bulk,  and s t r e n g t h  p roper t i e s  a r e  a l l  expressed a t  300 CSF. 
2 )  Conditions i n  Table 3. 
3 )  Blend of 74 spec ies ,  excluding Dobotou, Kotibe, and Sougue ; cook numbers co- 

respond t o  those i n  Figure 3.  
4 )  5 i n  O.D.  wood blend: Dobotou, 3.16; Kotibe, 0.74; and Sougue, 0.67. 

To ta l  y i e l d ,  % of O.D. wood 
Screen r e j e c t s ,  % of O.D. wood 

Kappa number 
1 Viscosi ty ,  mPa0s 
1 Brightness,  % absolute  

I Tear index,  m ~ * r n * / ~  
Bur st index, k ~ a - m ~ / ~  1 Breaking length ,  lun 

p T  double fo ld  
i S t r e t c h ,  % 

Toughness index, mJ 

~ u l k ,  cm3/g 

Beating t ime,  PFI revs .  
L 

A 
Cook 

No. 1231 

47.2 
0.811 

25.3 
28.3  
23.5 

13 -6 
6 -3  
9 -5 
5 4 1  

3.27 
174 

1.79 

7,900 

Cooks of mixture 
inc luding Dobotou, 

Kotibe,  and sougue4j 

46 .0 
0.88 

27.6 
20.3 
23.1 

12.7 
6 .O 
9.4 
606 

3.17 
169 

1.78 

7,100 

B 
Cook 

No. 203) 

47.4 
1.16 

28.7 
27.7 
23.4 

14.6 
6.3 
9 -1 
606 

3.20 
17 0 

1.82 

8,470 

Average 
Of * &  

47.3 
1.00 

27 .O 
28. 0 
23.5 

1 4 . 1  
6 .3  
9 .3  
5 74 

3.24 
172 

1.81 

8,185 



TABLE 5 

COr.TPARISON OF EFFECTS OF FIVE BLEACHING SEQUENCES APPLIED 
TO TROPICAL HARDWOOD K M T  PULPS 

1) calculated as % of unbleached pulp (o.D. bas is )  . 
2) D l  stage a t  9% consistency. 
3 )  not determined. 

Sequence 

CED 

CEDED 

CEHDED 

( D/ C ) b0oEDED 

( D / C  ) 2 0 0 ~ ~ E D 2 '  

- 

Brightness, 
% absolute 

82.5 

88.3 

88.8 

88. 9 

85.8 

Viscosity, 
mPa*s 

20.1 

16.8 

11.3 

20.4 

22.4 

Total 
shrinkage, $I' 

7.6 

7 8 

7 .? 
6.6 
- 31 



 TAB^ 6 

PROPERTIES OF BIXACHED PULPS AT 300 CSF ( 4 0 ' ~ ~ ) ~ )  

a )  The r e s u l t s  i n  t h e  l a s t  6 columns were a l l  adapted from r e f .  [ 3 ]  wi th  some i n t e r p o l a t i o n  and rounding. 
Other va lues  f o r  Canadian and Swedish pulps  can be found elsewhere, e .g . ,  r e f .  [ 6 ] .  

b) This pulp was unbleached pulp  No. 20, bleached in t h e  D/CEDED sequence ( 40° D/C) ; i t s  beat ing  time t o  
300 CSF was 6,770 PFI r evo lu t ions .  

c )  Br ightness  was measured by va r ious  methods, some of them non-standard; hence r e s u l t s  a r e  not always 
comparable. 

Br ightness ,  XC ) 
Opacity (TAPPI), % 

Tear index,  mN*m2/$ 
Burst  index, kPaam /g 
Breaking length ,  km 
S t r e t c h ,  % 
MIT double f o l d s  

~ u l k ,  cm3/g 

Mixture of Ivor ian  hardwoods Hualien 
t r o p i c a l  

hardwoods 
run-of - 

m i  11 

86 
73 

8. 0 
4.2 
6 .O 
3 - 7  

32 

1 . 5  

Thi s 
workb) 

88.9 
$7 0 

13.8 
6 .5  
9.4 
3.7 
688 

1.60 

C .T .P.T. 
labora tory  

8 8 
64 

8.4 
4 .O 
6 .1 
- 
29 

1 . 4  

Scandin- 
av i an 

birchwood 

? 0 
56 

7 .5  I 
6.1 
8.0 i 
- I 

180 

1 . 4  I 

Beechwood 

91 
69 

6.4 
3.8 
6 .O 
- 
1 5  

1 . 4  

Hualien 
m i l l - t r i a l  

86 
76 

? .7 
5 -0 
7.5  
3.5 
150 

1.7 

Canadian 
mixed 

hardwoods 

90 
6 5 

7.0 
b .l 
6 .? 
2.9 
300 

1 . 4  
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KRAFT AND NSSC PULPING 

OF MIXED TROPICAL HARDWOODS 

BY 

James F. Laundrie 

SUMMARY 

Samples of t r o p i c a l  hardwoods wi th  wide ranges of p r o p e r t i e s  were 
obtained from t h e  P h i l i p p i n e s ,  Ghana, and Colombia. Three d i f f e r e n t  
mixtures  were made w i t h  t h e  woods from each country--one w i t h  uniform- 
d e n s i t y  d i s t r i b u t i o n ,  t h e  second f avo r ing  t h e  h igher  d e n s i t i e s ,  and 
t h e  t h i r d  wi th  a  preponderance of t h e  medium-density woods. Three 
kinds of k r a f t  d i g e s t i o n s  w e r e  made us ing  a l l  n i n e  mixtures  t o  produce 
f u l l y  cooked, high-screenings,  and semichemical pulps .  Neut ra l  s u l f i t e  
semichemical (NSSC) d i g e s t i o n s  w e r e  a l s o  made us ing  a l l  n i n e  mixtures .  
Resu l t s  i n d i c a t e  t h a t  mixed t r o p i c a l  hardwoods, r e g a r d l e s s  of source,  
would be s u i t a b l e  f o r  t h e  product ion of k r a f t  and NSSC pulps ,  wi th  
p r o p e r t i e s  a s  good a s  s i m i l a r  pu lps  made from temperate zone hardwoods. 

INTRODUCTION 

T r a d i t i o n a l l y ,  f o r e s t  i n d u s t r i e s  have been based on t h e  "d i f f e r ence  
approach." F o r e s t s  have been surveyed and screened t o  f i n d  s p e c i e s  
t h a t  could perform b e s t  f o r  s p e c i f i c  end uses .  Recent ly ,  however, t h e r e  
has  been increased i n t e r e s t  in spec i e s - to l e r an t  p rocesses  and products .  
For t h e  heterogeneous t r o p i c a l  f o r e s t s ,  more i n t e n s i v e  a p p l i c a t i o n  of 
nontaxonomic o r  nonspec i f i c  systems could permit more f l e x i b l e  ha rves t  
of t h e  t imber r e sou rce  and more e f f e c t i v e  management of t h e  f o r e s t .  

A s  mixed a s  t he  t r o p i c a l  f o r e s t s  a r e ,  s i m i l a r i t i e s  may appear i n  compo- 
1 / s i t i o n  and form between widely d i spersed  t imber  s t ands .  Holdridge - 

has  q u a n t i f i e d  t h e  f o r e s t  shape o r  physiognomy based on l i f e  zones 
def ined  by r a i n f a l l ,  temperature ,  nd evapo t r ansp i r a t i on .  Recent s t u d i e s  
a t  t h e  Fo re s t  Products  L a b o r a t o r y ~ ?  show wood s p e c i f i c  g r a v i t y  d i s t r i -  
bu t ion  p a t t e r n s  f o r  t r o p i c a l  American s p e c i e s  a r e  indeed unique t o  
c e r t a i n  Holdridge l i f e  zones.  Spec i f i c  g r a v i t y  was chosen f o r  t h e  f i r s t  
probe because i t  c o r r e l a t e s  w e l l  wi th  many important wood c h a r a c t e r i s t i c s  
and pulp q u a l i t y .  I f  i t  can be  demonstrated t h a t  t h e  t o t a l  wood resource ,  
a s  w e l l  a s  t h e  f o r e s t  form, r e f l e c t s  t h e  environmental cond i t i ons  of a  
l i f e  zone, then processes  can be developed based on t h i s  p a r t i c u l a r  wood 

1/ Holdridge, L. R . ,  W. C .  Grenke, W. H. Hatheway, et a l .  1971. 
F o r e s t  environments i n  t r o p i c a l  l i f e  zones: A p i l o t  s tudy.  Pergamn 
P re s s ,  New York. 

2 /  Chudnoff, Martin.  1976. Densi ty  of t r o p i c a l  t imbers  as  
inf luenced by c l i m a t i c  l i f e  zones. Commonw. For. Rev. 55, 3. 
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mix, r e g a r d l e s s  of s p e c i e s  composition. Resu l t s  would be  a p p l i c a b l e  t o  
l a r g e  f o r e s t  t r a c t s ,  wherever l oca t ed ,  t h a t  have t h e  same l i f e  zone 
c l a s s i f i c a t i o n .  

With t he se  o p p o r t u n i t i e s  i n  mind, t h e  Fores t  Products  Laboratory,  under 
agreement and wi th  t h e  a s s i s t a n c e  of t h e  U.S. Agency f o r  I n t e r n a t i o n a l  
Development, i n v e s t i g a t e d  t h e  f e a s i b i l i t y  of producing f o r e s t  products-- 
pu lp ,  paper ,  hardboard, and particleboard--from raw m a t e r i a l  r ep re sen t ing  
a wide mix of t r e e  spec i e s .  To augment and provide a s u i t a b l e  frame 
of r e f e r e n c e  i n  apply ing  t h e  r e s u l t s  of t hose  t e c h n i c a l  f e a s i b i l i t y  
s t u d i e s ,  supplementary s t u d i e s  of s i l v i c u l t u r a l  and environmental  
i m p l i c a t i o n s  and of t h e  imp l i ca t i ons  of governmental p o l i c i e s  i n  
developing n a t i o n s  were a l s o  undertaken. Bene f i t s  t o  t h e  developing 
t r o p i c a l  c o u n t r i e s  expected from these  i n v e s t i g a t i o n s  i nc lude  (1) new 
jobs  f o r  bo th  s k i l l e d  and unsk i l l ed  workers,  (2) product ion of f o r e s t  
p roducts  u s e f u l  i n  developing l o c a l  markets and compet i t ive  i n  world 
markets ,  (3) s t imu la t i on  of  a n c i l l a r y  i n d u s t r i e s ,  and (4) s i z a b l e  
s av ings  i n  f o r e i g n  currency exchange. 

This  paper ,  however, i s  concerned only wi th  determining t h e  pu lp ing  
c h a r a c t e r i s t i c s  of mixed s p e c i e s  of secondary t r o p i c a l  hardwoods by t h e  
k r a f t  and NSSC processes. 

EXPERIMENTAL 

Research Ma te r i a l s  and Sampling 

Three c o u n t r i e s  r ep re sen t ing  t h r e e  geographical  a r e a s  w e r e  s e l e c t e d  f o r  
sampling t h e  wood resource .  These w e r e ,  i n  t h e  o rde r  sampled, t h e  
P h i l i p p i n e s  ( r ep re sen t ing  Southeast  As i a ) ,  Ghana (Afr ica) ,  and Colombia 
(South America). The method of  sampling f o r  each l o c a t i o n  was e s s e n t i a l l y  
t h e  same. From t h e  l i t e r a t u r e ,  spec i e s  wi th  p re se l ec t ed  va lues  f o r  
d e n s i t y ,  s i l i c a  con ten t ,  and e x t r a c t i v e s  were des igna ted  a s  p o t e n t i a l  
samples; t hus  v a r i o u s  d e n s i t y  d i s t r i b u t i o n  mix tures  could be s imula ted ,  
low and h igh  con ten t s  of s i l i c a  and e x t r a c t i v e s  would be  a v a i l a b l e ,  and 
a range of c o l o r  from l i g h t  t o  dark  would be p re sen t .  Some freedom of 
s u b s t i t u t i o n  was allowed where l o c a l  cond i t i ons  made i t  d i f f i c u l t  t o  
h a r v e s t  a p r e f e r r e d  spec i e s .  

F i f t y  s p e c i e s  w e r e  sampled i n  t h e  P h i l i p p i n e s ,  22 i n  Ghana, and 18 i n  
Colombia ( s ee  t a b l e s  1, 2, and 3 ) .  The g r e a t e r  sampling i n  t h e  
P h i l i p p i n e s  was due t o  t h e  broader  range of e f f o r t  scheduled f o r  t h e  
f i r s t  sample and t h e  p l an  t o  use  subsequent samples p r imar i l y  f o r  
v e r i f i c a t i o n  of t h e  f i r s t  r e s u l t s .  

The wood was a i r f r e i g h t e d  t o  t h e  Fores t  Products  Laboratory where i t  was 
debarked and sampled f o r  determining s p e c i f i c  g r a v i t y ,  moisture  con ten t ,  
and f i b e r  morphology. A f t e r  chipping,  t h e  wood was s t o r e d  i n  a co ld  
room (+2O C) f o r  subsequent use.  Representa t ive  ch ip  samples of each 
s p e c i e s  were analyzed t o  determine t h e  amounts of a s h  and s i l i c a .  



Table 1.--Specific g r av i ty ,  a sh ,  and s i l i c a  conten t  of 
50 P h i l  i ~ ~ i n e  hardwoods 

No. Species  S p e c i f i c  ~ s h 2 '  S i l i c a -  2 / 

Common name Botan ica l  name 
11 gravi ty-  

Tangisang-bayai 
Binuang 
Kapok 
Balilang-uak 
Rarang 
Kai tana 
I lang- i lang  
Gubas 
D i t a  
Anabiong 
Hamind an g 
Balan t i 
Mayapis 
Matang-arau 
Malasantol  
White lauan  
Tulo 
Tangi le  
Pahutan 
Apanit  
Lago 
Antipolo 
Bagt ikan  
Sakat 
Red lauan 
It angan 
P i l i n g - l i i t a n  
Pa losap i s  
Lornarau 
Malabe t i s  
Dangkalan 
Panau 
Ka tmon 
Bat it inan  
Katong-lakihan 
Nar i g 
Miau 
Apitong 
Bok-bok 
Kama t o  g 

~ a k  F i cus  v a r i e g a t a  
Octomeles sumatrana 
Ceiba pentandra 
Meliosma macrophylla 
Eryt  h r i n a  subumbrans 
Zanthoxylum r h e t s a  
Cananga odorata  
Endosperum pel ta tum 
Al s ton i a  s c h o l a r i s  
Trema o r i e n t a l i s  
Macaranga b i co lo r  
Homalanthus populneus 
Shorea squamata 
Melicope t r i p h y l l a  
Sandor icum v i d a l i i  
Pentacme c o n t o r t a  
Alphi ton ia  p h i l i p p i n e n s i s  
Shorea polysperma 
Mangifera a l t i s s i m a  
Mast i x i a  p h i l i p p i n e n s i s  
Pygeum vu lga re  
Artocarpus b l anco i  
Parashorea p l i c a t a  
Terminal ia  n i t e n s  
Shorea negrosens is  
Weinmannia luzoniensis 
Canarium luzonicum 
Anisoptera  t h u r i f e r a  
Swin t o n i a  f oxwor t h y i  
Madhuca o b l o n g i f o l i a  
Calophyllum obl iquinervium 
Dipterocarpus g r a c i l i s  
D i l l e n i a  p h i l i p p i n e n s i s  
Lagers troemia p i r i f  ormis 
Amoora macrocarpa 
Vat ica  mangachapoi 
Dysoxylum euphlebium 
Dipterocarpus g rand i f lo rus  
Xanthophyllum excelsum 
Erythrophloeum densif lorum 

Pc t  Pc t  - - 

(Page 1 of 2)  



Table 1.- -Specif ic  g r a v i t y ,  a sh ,  and s i l i c a  conten t  of 

50 P h i l i p p i n e  hardwoods--cont . 

No. Species  2 / S p e c i f i c  AshL/ S i l i ca -  

Cowon name Botan ica l  name 1 / gravi ty-  

Pc t  Pc t  - - 

Dalingdingan 
Katilma 
Yakal 
Kamagong 
Katong-matsin 
Manaring 
I p i l - i p i l  
Bolong-eta 
Makaasim 
Alupag-amo 

Hopea f oxworthyi 
Diospyros n i t i d a  
Shorea a s  t y l o s a  
Diospyros p h i l i p p i n e n s i s  
Chis tocheton pentandrus 
Li thocarpus  s o l e r i a n a  
Leucaena leucocephala  
Diospyros ph i lo san the ra  
Syzygium ni t idum 
L i t c h i  p h i l i p p i n e n s i s  

1/ Dry weight ,  green volume b a s i s .  - 
2 1  Moisture-free wood b a s i s .  - 

(Page 2 of 2)  



Table 2.--Specific g r av i ty ,  a sh ,  and s i l i c a  conten t  of 
22 Ghanaian hardwoods 

No. Species  2 I S p e c i f i c  ~ s h ~ '  S i l i c a -  

Common name Botan ica l  name 11 gravity- 

Otu 
Ef f eu 
Afr ican  corkwood 
Obeche 
A n t i a r i s  
C anar  ium 
Akoret 
Afr ican  mahogany 
Dahoma 
Gedu nohor 
Niangon 
Scented guarea 
Makore 
Tallow tree 
Lokonf i 
Brown s t e r c u l i a  
Eyong 
Ad j ouba 
Af i n a  
Kane 
Kokoti 
Ekki 

C l e i s t o p h o l i s  pa tens  
Hannoa k la ineana  
Musanga cecropio ides  
T r ip loch i ton  sc le roxylon  
A n t i a r i s  a f r i c a n a  
Canarium schwe in fu r th i i  
Discoglypremna caloneura 
Khaya i v o r e n s i s  
Piptadeniastrum a£  ricanum 
Entandrophragrna angolense 
T a r r i e t i a  u t i l i s  
Guarea ced ra t a  
Tieghemella h e c k e l i i  
Al lanblackia  f lo r ibunda  
Celtis a d o l f i - f r i d e r i c i  
S ter c u l i a  rh inope t a l a  
S t e r c u l i a  oblonga 
Dacryodes klaineana 
Strombosia glaucescens 
Anogeissus l e ioca rpus  
Anop yx i s  klaineana 
Lophira a l a t a  

Pc t  Pc t  - - 

11 Dry weight ,  green volume b a s i s .  - - 

21 Moisture-free wood b a s i s .  - 



Table 3.--Specific g rav i ty ,  ash ,  and s i l i c a  content  of 
18 Colombian hardwoods 

No. Species 2 / Spec i f i c  ~ s h ~ '  S i l i ca -  

C o m n  name Botanical  name 1 / gravity- 

Pct  Pc t  - - 

1 Peine mono Apeiba a spe ra  0.14 3.55 4 . 0 1  

2 Ceiba Ceiba pentandra .23 3.73 < .01 

3 Yarumo Cecropia sp. .25 1 .71  .02 

4 Cirpo Pourouma sp. .37 .76 < . O l  

5 Chingale Jacaranda copaia .37 .58 < .01 

6 Dormilon Vochysia f erruginea .45 .82 .02 

7 S a n d e  B r o s i m u m  u t i l e  .49 . 5 1  .01 

8 Sangretoro Viro la  sebi f  e r a  .51 .33 < .01 

9 Aren i l lo  

10 Canelo 

Castosternma a l s t o n i i  .54 1.26 < .01 

Nectandra sp. .55 .18 < .01 

11 P e r i l l o  negro Courna macrocarpa .55 .40 < .01 

12 Casaco Hier onyma sp  . .60 .55 < .01 

13  Carbonero Enterolobium schomburgkii .63 .75 < . O 1  

14 Chocho Ormosia paraens is  .67 .29 . O 1  

15 Carre to  Aspidosperma sp.  .69 .62 < .01  

16 Lecheperra H e l i c o s t y l i s  tomentosa .79 1.10 .03 

17 Tamarind0 Dialium guianense .82 1.82 1.48 

18 Caimo Neoxythece sp.  .86 .95 .55 

1/ Dry weight,  green volume bas i s .  - 
21 Moisture-free wood b a s i s .  - 



The woods from each  country were divided i n t o  s i x  groupings based on 
our s p e c i f i c  g r a v i t y  measurements. The o r i g i n a l  i n t e n t i o n  was t o  
group the  woods a s  fol lows:  

Less than 0.3 
0.3 t o  0.4 
0.4 t o  0.5 

0.5 t o  0.6 
0.6 t o  0.7 
Greater  than 0.7 

However, i n  order  t o  have nea r ly  t h e  same number of woods i n  each 
grouping and, i n  some in s t ances ,  t o  have more than one spec i e s  i n  a 
group, t he  a c t u a l  s p e c i f i c  g r a v i t y  range f o r  each grouping va r i ed  
s l i g h t l y  from those  l i s t e d  above. 

Three ch ip  mixtures  were made with the  wood from each country.  In  one, 
t h e  dens i ty  d i s t r i b u t i o n  was uniform, i n  t h e  second t h e  higher  
d e n s i t i e s  were favored,  and i n  t he  t h i r d  t h e  medium d e n s i t i e s  were 
dominant. These have been designated a s  mixtures  A ,  B,  and C ,  r e spec t ive ly  
(see t a b l e  4 f o r  mixture compositions).  The average s p e c i f i c  g r a v i t y  
of t h e  n ine  mixtures  was ca l cu la t ed  and t h e  mixtures  were analyzed t o  
determine t h e  amounts of a sh ,  s i l i c a ,  l i g n i n ,  and e x t r a c t i v e s .  

Separat ion of Chip Mixtures 

A major premise of t h i s  s tudy  was t h a t  the  h igher  s p e c i f i c  g rav i ty  woods 
could be separa ted  from t h e  ch ip  mixtures t o  provide f u e l ,  wi th  an 
expected improvement i n  t h e  q u a l i t y  of t h e  pulp made from t h e  remaining 
lower d e n s i t y  ch ips .  One Ghanaian and two Ph i l i pp ine  ch ip  mixtures were 
a i r  c l a s s i f i e d  t o  o b t a i n  two weight f r a c t i o n s  from each corresponding 
t o  t h e  known compositions of t h e  mixtures.  The s p e c i f i c  g rav i ty  
s epa ra t ion  po in t  was 0.5 f o r  t h e  Ph i l i pp ine  mixtures  and 0.45 f o r  t h e  
Ghanaian mixture. 

Kraf t  Pulping 

Fully cooked kraft pulps having less than 1 percent screenings were 
made us ing  a l l  n ine  whole mixtures and the  s i x  f r a c t i o n s  of t h e  a i r -  
separated mixtures.  Kraf t  d i g e s t i o n s  were a l s o  made us ing  t h e  n ine  whole 
mixtures t o  produce pulps having 25 t o  30 percent  screenings.  These 
d iges t ions  were made t o  i n d i c a t e  the  f e a s i b i l i t y  of using the  screened 
pulp f o r  l inerboard  and t h e  screenings f o r  cor ruga t ing  medium. Semi- 
chemical k r a f t  pulps were a l s o  made from t h e  Colombian A mixture and 
evaluated f o r  p o s s i b l e  use i n  cor ruga t ing  medium. The screenings  and 
semichemical pulps were f i b e r i z e d  and r e f ined  i n  a 12-inch-diameter, 
s ing le - ro t a t ing  d i s k  m i l l  and made i n t o  handsheets having a b a s i s  weight 
of 26 pounds per  1,000 square  f e e t .  S t rength  development of t h e  screened 
pulps was i n  a Valley b e a t e r ,  and handsheets were made and evaluated 
according t o  s tandard  TAPPI methods. 



Table  4.--Composition of t r o p i c a l  hardwood ch ip  mix tures  used 
f o r  k r a f t  and semichemical pu lp ing  

11 Species- 2 / Mixture composition- 

P h i l i p p i n e s  Ghana Colombia A B C 
................................................................ 

Pet - P c t  P c t  - - 

1/ I n d i v i d u a l  s p e c i e s  l i s t e d  by number i n  t a b l e s  1 t o  3 .  - 
2/  Moisture-free  wood b a s i s .  - 



NSSC Pulping 

NSSC pulps  wi th  y i e l d s  of about 75 percent  were made from a l l  n i n e  whole 
mixtures .  Addi t iona l  NSSC d i g e s t i o n s  of on ly  t h e  Colombian A mixture  
were made wi th  i n c r e a s i n g  amounts of sodium s u l f i t e  and sodium carbonate  
and t i m e  a t  cooking temperature  i n  o rde r  t o  o b t a i n  lower y i e l d  pu lps .  
The e f f e c t s  of adding c a u s t i c  soda t o  t he  NSSC cooking l i q u o r  were a l s o  
determined a t  t h e  75 percent  y i e l d  l e v e l .  A l l  of t h e s e  semichemical 
pulps  were f i b e r i z e d  and r e f i n e d  i n  a  12-inch-diameter, s i n g l e - r o t a t i n g  
d i s k  m i l l  and made i n t o  handsheets  having a  b a s i s  weight of 26 pounds 
per  1,000 square  f e e t .  

RESULTS 

Chemical Analys i s  of Ind iv idua l  
Species  and Chip Mixtures 

The amounts of a sh  and s i l i c a  i n  the  i n d i v i d u a l  s p e c i e s  a r e  given i n  
t a b l e s  1, 2 ,  and 3. Ash v a l u e s  ranged from 0.09 t o  5.21 Dercent f o r  
t h e  P h i l i p p i n e  s p e c i e s ,  0.25 t o  3.62 percent  f o r  t h e  Ghanaian spec i e s ,  
and 0.18 t o  3.73 percent  f o r  t h e  Colombian spec i e s .  S imi l a r ly ,  s i l i c a  
va lues  ranged from less than 0.01 t o  4.55 percent  f o r  t h e  P h i l i p p i n e  
s p e c i e s ,  0.52 percent  f o r  t h e  Ghanaian spec i e s ,  and 1.48 percent  f o r  t h e  
Colombian spec i e s .  

Shown i n  t a b l e  5  a r e  t h e  c a l c u l a t e d  average s p e c i f i c  g r a v i t i e s  and 
chemical a n a l y s i s  of t h e  n i n e  whole ch ip  mixtures .  Except f o r  l i g n i n ,  
d i f f e r e n c e s  were small between the  mixtures  with r e s p e c t  t o  pH, a sh ,  
s i l i c a ,  and e x t r a c t i v e s .  The t h r e e  Ph i l i pp ine  mix tures  contained t h e  
most l i g n i n  wi th  an average of 31.4 percent , .dhi le  t h e  Ghanaian mix tures  
contained t h e  l e a s t  w i th  an average of 26.7 percent .  

Separa t ion  of Chip Mixtures 

Samples of c h i p s  i n  bo th  t h e  l i g h t  and heavy f r a c t i o n s  were i d e n t i f i e d  
t o  determine t h e  e f f i c i e n c y  of s epa ra t i on ,  which i s  def ined  as t h e  
percentage of d e s i r a b l e  c h i p s  i n  t h a t  p a r t i c u l a r  f r a c t i o n .  The average 
e f f i c i e n c y  f o r  a l l  s i x  f r a c t i o n s  was n e a r l y  80 pe rcen t .  Undoubtedly, 
t h i s  e f f i c i e n c y  could have been increased  cons iderab ly  w i th  f u r t h e r  
dry ing  of t h e  ch ips  p r i o r  t o  a i r  s epa ra t i on .  On the  o t h e r  hand, any 
sepa ra t i on  would have been impossible  without  a t  l e a s t  some d ry ing  
because when f r e s h l y  cu t  t h e  range  of s p e c i f i c  g r a v i t y ,  on t h e  b a s i s  
of w e t  weight ,  w e t  volume, f a l l s  i n t o  a  very narrow range. 

Kraf t Pulping 

F u l l y  Cooked Pulps  

The cond i t i ons  and r e s u l t s  o f  t h e  k r a f t  d i g e s t i o n s  made wi th  a l l  n i n e  
mixtures  t o  produce f u l l y  cooked pulps  a r e  given i n  t a b l e  6. S imi la r  
r e s u l t s  were obta ined  wi th  a l l  n i n e  mixtures  pulped under e x a c t l y  t h e  
same condi t ions .  The pu lps  from the  P h i l i p p i n e  mixtures  had t h e  



Table 5.--Average s p e c i f i c  gravi ty  and chemical ana lys i s  of t r o p i c a l  
hardwood mixtures used f o r  k r a f t  and semichemical 
pulping 

2 I Mixture Average pH AS&' SioZL' Lignin- Extractives-- 2 / 
s p e c i f i c  

'I , Ethyl  Alcohol Hot 
gravit$' e the r  benzene water 

Pc t  Pet Pct - - 

PHILIPPINES 

Pct  Pc t  Pct  - - 

GHANA 

COLOMBIA 

11 Dry weight, green volume bas is .  - 
21 Moisture-free wood bas i s .  - 



Table 6. --Fully cooked kraf t of tropical hardwood mixtures 

Mixture Black liquor Yield Kappa 

NaOH Na,S Total Screenings No. 

Pct - 

PHILIPPINES 

Pct - 

GHANA 

COLOMBIA 

11 16.0 pct active a l k a l i ,  25 pct s u l f i d i t y ,  4 to  1 water-to- 
wood r a t i o ,  90 min 80" t o  170" C, and 90 min a t  170" C .  



Table 7.--High sc reen ings  k r a f t  of t r o p i c a l  hardwood mixtures  

Mixture Black l i q u o r  Yield Kappa 

.NaOH Na,S T o t a l  Screenings 
No. 

G / 1  - G/1 - Pc t  - Pc t  

PH IL IPP INE S 

GHANA 

COLOMBIA 

1/ 16.0 p c t  a c t i v e  a l k a l i ,  25 p c t  s u l f i d i t y ,  4-to-1 water-to-wood 
rat io ,  90 min 80' t o  170' C ,  1 5  min a t  170' C .  



h ighes t  y i e l d s  w i th  an average of 47.7 percent  and a l s o  t h e  h ighes t  kappa 
numbers wi th  an average of 28.8 .  The lowest y i e l d  pulps  came from t h e  
Ghanaian mixtures  w i th  an average of 44.6 percent ,  whi le  t h e  lowest  kappa 
number pu lps  were t hose  from t h e  Colombian mixtures  w i th in  an average 
of 23.7 .  The d i f f e r e n c e s  w i th in  t he  mixtures  from each resource  were 
even sma l l e r .  

High Screenings Pulps  

Shown i n  t a b l e  7 a r e  t h e  cond i t i ons  and r e s u l t s  of t h e  d i g e s t i o n s  made 
wi th  a l l  n ine  mixtures .  A s  wi th  t he  f u l l y  cooked pulps ,  s i m i l a r  r e s u l t s  
were aga in  ob ta ined  wi th  a l l  n ine  mixtures  pulped under exac t ly  t h e  same 
condi t ions .  However, t h e  r e l a t i v e  spread of y i e l d  and kappa number increased  
between t h e  mixtures  from t h e  d i f f e r e n t  resources .  The pulps  made from 
t h e  Colombian mixtures  had t h e  h ighes t  t o t a l  y i e l d s ,  averaging 53.5 per-  
c e n t ,  and a l s o  t h e  h ighes t  kappa numbers, averaging 59.9. The lowest 
t o t a l  y i e l d  pu lps  came aga in  from t h e  Ghanaian mixtures  wi th  an average 
of 49.5 pe rcen t ,  whi le  t h e  lowest kappa number pulps  came from t h e  
P h i l i p p i n e  mixtures  wi th  an average of 47.9 .  Between and wi th in  t h e  
mixtures  from bo th  t h e  P h i l i p p i n e  and Ghanaian hardwoods d i f f e r e n c e s  were 
aga in  very  smal l  i n  bo th  y i e l d  and kappa number. However, w i t h i n  t h e  
mixtures  from Colombian hardwoods, t h e  ranges expanded f o r  y i e l d  and 
kappa number. Colombian A mixture had a  y i e l d  of 54.6 percent  and a  
kappa number of 6 7 . 5 ,  while  t h e  Colombian C mixture had a  y i e l d  of 
52.4  percent  and a  kappa number of 55.3 .  

NSSC Pulping 

The cond i t i ons  and r e s u l t s  of  t h e  NSSC d i g e s t i o n s  made wi th  a l l  n i n e  
mixtures  t o  produce 75 percent  y i e l d  pu lps  a r e  given i n  t a b l e  8 .  While 
t h e  t h r e e  P h i l i p p i n e  and t h r e e  Ghanaian mixtures  a l l  responded s i m i l a r l y  
under t h e  same pulping cond i t i ons ,  t h e  A and B mixtures  of Colombian 
hardwoods requi red  a d d i t i o n a l  time a t  cooking temperature t o  o b t a i n  
75 percent  y i e l d ;  fur thermore,  a l l  t h r e e  Colombian mixtures  consumed 
more sodium s u l f i t e  than e i t h e r  t h e  Ph i l i pp ine  o r  t h e  Ghanaian mixtures .  

Handsheet P r o p e r t i e s  

Fu l ly  Cooked Kra f t  Pulps from 
Whole Mixtures 

Handsheet p r o p e r t i e s  of t h e  f u l l y  cooked k r a f t  pu lps  a r e  given i n  t a b l e  9. 
The d i f f e r e n c e s  i n  pulp p r o p e r t i e s  between t h e  t h r e e  mixtures  from each 
of t h e  t h r e e  resources  v e r e s u r p r i s i n g l y  small. Nevertheless  t h e  A and 
C mix tures  from a l l  t h r e e  resources  appeared t o  have s l i g h t l y  higher  
b u r s t i n g  and t e n s i l e  s t r e n g t h s .  While i t  was expected t h a t  t h e  B mixtures  
might have supe r io r  t e a r i n g  r e s i s t a n c e  because of t h e  t h i c k e r  wal led 
f i b e r s ,  t h i s  t r end  was n o t  ev ident  except  a t  lower f r e e n e s s  l e v e l s  f o r  
t h e  pulps  made from t h e  Ph i l i pp ine  and Ghanaian mixtures .  

A l l  n i n e  of t h e  f u l l y  cooked k r a f t  pulps  were a s  good a s  s i m i l a r  pu lps  
made from temperate zone hardwoods, thus  i n d i c a t i n g  t h a t  mixed t r o p i c a l  



Table 8. --ASSC pulpin&' of t r o p i c a l  
hardwood mixtures  

Mixture Spent l i q u o r  Yield 

Na2S03 PH 

........................................ 

PHILIPPINES 

GHANA 

COLOMBIA 

11 16 p c t  Na2S03, 4 p c t  Na2C03, 
15  mi; s teaming a t  15 p s ig ,  3.5-to-1 
water-to-wood r a t i o ,  120 min 80" t o  
175" C ,  and 60 min a t  175" C un l e s s  
o therwise  no ted .  

21 120 min a t  175" C. - 
31 105 m i n  a t  175" C .  - 



Table 9.--Properties of f u l l y  cooked kraft pulps made from 
tropical hardwood mixtures 

Mixture Kappa Handsheet properties 
No. Freeness Burst Tear Breaking Apparent 

(Canadian factor factor length density 
Standard) ................................................................... 

PHILIPPINES 

GHANA 

COLOMBIA 



hardwoods should be s u i t a b l e  f o r  t h e  product ion of bleached,  market 
g rades  of pulp.  

F u l l y  Cooked Kra f t  Pulps  from 
S e ~ a r a t e d  F rac t ions  

Given i n  t a b l e  10  a r e  t h e  handsheet p r o p e r t i e s  of t he  f u l l y  cooked k r a f t  
pu lps  made from t h e  a i r - s epa ra t ed  f r a c t i o n s  of t h e  whole mixtures .  The 
pulps  made from t h e  l i g h t e r  f r a c t i o n s  had 10  t o  20 percent  h igher  b u r s t i n g  
and t e n s i l e  s t r e n g t h s  compared t o  t h e  pulps  made from t h e  heavier  f r a c t i o n s .  
Thus a i r  s e p a r a t i o n  appears  t o  be one v i a b l e  means of improving t h e  q u a l i t y  
of pu lps  made from mixed t r o p i c a l  hardwoods. 

Screened High-Yield Kraf t  Pu lps  

Handsheet p r o p e r t i e s  of t h e  screened high-yield k r a f t  pu lps  a r e  given i n  
t a b l e  11. These pu lps ,  a g a i n  r e g a r d l e s s  of source  o r  mixture ,  had 
b u r s t i n g  and t e n s i l e  s t r e n g t h s  on ly  s l i g h t l y  less than  those  of t h e  
f u l l y  cooked k r a f t  pu lps ,  bu t  had a  l o s s  i n  t e a r i n g  r e s i s t a n c e  of about 
10  percent .  

Pulps  f o r  Corrugat ing Medium 

Given i n  t a b l e  12 a r e  t h e  handsheet p r o p e r t i e s  of t h e  NSSC pulps  and 
i n  t a b l e  1 3  a r e  t h e  handsheet p r o p e r t i e s  of t h e  high-yield k r a f t  sc reen ings .  
Based on t h e s e  r e s u l t s  i t  appears  t h a t  accep tab l e  q u a l i t y  co r ruga t ing  
medium could be made from any of t h e  mix tures  of t r o p i c a l  hardwoods 
cooked by e i t h e r  t h e  NSSC o r  t h e  k r a f t  p rocesses .  Subsequent p i l o t - s c a l e  
d i g e s t i o n s ,  and paper machine t r i a l s  n o t  r epo r t ed  he re ,  confirmed t h a t  
mixed t r o p i c a l  hardwoods a r e  accep tab l e  f o r  producing co r ruga t ing  medium 
wi th  good p r o p e r t i e s .  However, wi th  some of t h e s e  mediums, t h e r e  were 
problems wi th  r u n n a b i l i t y  through t h e  co r ruga to r .  

The e f f e c t s  of c a u s t i c  soda a d d i t i o n  t o  t h e  NSSC pulping l i q u o r  and 
lowering y i e l d s  of bo th  NSSC and k r a f t  semichemical pu lps  t o  o b t a i n  
improved p r o p e r t i e s  a r e  g iven  i n  t a b l e  14. A t  t h e  same y i e l d ,  c a u s t i c  
a d d i t i o n  increased  t h e  r i n g  c rush  from 55.4 t o  63.8 pounds and t h e  
Concora from 56.8 t o  66.0 pounds. Lowering t h e  NSSC pulp y i e l d  from 
74.0 t o  66 .1  pe rcen t  increased  t h e  r i n g  c rush  from 55.4 t o  68.6 pounds 
and t h e  Concora from 56.8 t o  75.6 pounds. Thus improved s t r e n g t h  
p r o p e r t i e s  can be ob ta ined  e i t h e r  through t h e  a d d i t i o n  of c a u s t i c  soda 
t o  t h e  NSSC pulping l i q u o r  o r  by reducing NSSC pulp y i e l d .  Lowering 
k r a f t  semichemical pulp y i e l d  from 72.6 t o  58.8 pe rcen t  i nc reased  t h e  
r i n g  c rush  only  s l i g h t l y ,  from 41.0 t o  44.4 pounds, and t h e  Concora from 
38.8 t o  69.4 pounds. 

Based on t h e s e  r e s u l t s  i t  appears  t h a t  NSSC pulps  a r e  supe r io r  t o  k r a f t  
semichemical pulps  f o r  co r ruga t ing  medium from t h e  viewpoint of bo th  
y i e l d  and p r o p e r t i e s  of t h e  handsheets.  



Table 10.--Properties of k r a f t  pulps  made from a i r - separa ted  f r a c t i o n s  
of t r o p i c a l  hardwood mixtures 

Mixture Kappa Handsheet p r o p e r t i e s  
No. Freeness  Burst  Tear Breaking Apparent 

(Canadran f a c t o r  f a c t o r  l eng th  d e n s i t y  
Standard) 

A 
Ligh t s  

A 
Heavies 

B 
Ligh t s  

B 
Heavies 

A 
Ligh t s  

A 
Heavies 

PHILIPPINES 

GHANA 



Table 11.--Properties o f  screened high y i e l d  kra f t  pulps made from 
tropica l  hardwood mixtures 

Mixture Kappa 
No. Freeness Burst Tear Breaking Apparent 

(Canadian factor  fac tor  length dens i ty  
Standard) 

......................................................................... 

PHILIPPINES 

GHANA 

COLOMBLA 



Table 12.--HandsheetQroperties - -------- of NSSC pulps made from mixed tropical hardwoods 

Mixture Yield Freeness Basis Thickness Burst Tear Breaking Apparent Ring Concora 
(Canadian weight factor factor length density crush 
Standard) ................................................................................................ 

Pct M1 - - Lb/ M i l s  
1,000 

f t  
2 
- 

PHILIPPINES 

GHANA 



Table 13.--Handsheet p r o p e r t i e s  of high-yield k r a f t  sc reen ings  made from t r o p i c a l  hardwood mixtures  

Mixture Freeness  Bas is  weight Thickness Burst  Tear Breaking Apparent Ring Concora 
(Canadian (a i r -dry  b a s i s )  f a c t o r  f a c t o r  l eng th  d e n s i t y  c rush  
Standard)  

................................................................................................... 
M i l s  

PHILIPPINES 

GHANA 

COLOMBIA 



Table 14.--Effects of c a u s t i c  a d d i t i o n  t o  NSSC pulp ing  and lowering y i e l d s  of NSSC and k r a f t  pu lps  
f o r  co r ruga t ing  medium from mixed Colombian t r o p i c a l  hardwoods 

Pulp Freeness  Bas is  Thickness Burs t  Tear Breaking Apparent Ring Concora 
y i e l d  (Canadian weight f a c t o r  f a c t o r  l e n g t h  d e n s i t y  c rush  

Standard ) 

P c t  M 1  - Lb/1,000 Mils 
m 

NSSC 

KRAFT 

1/ 3 p c t  NaOH (moisture-free wood b a s i s )  i n  pulping l i q u o r .  - 



CONCLUSIONS 

(1) Within t h e  wood s p e c i f i c  g r av i ty  ranges s t u d i e d ,  t h e  d i f f e r e n c e s  i n  
bo th  t h e  NSSC and k r a f t  p u l p a b i l i t y  of a l l  n i n e  mixtures  a r e  r e l a t i v e l y  
small. 

(2) The s t r e n g t h  p r o p e r t i e s  of t h e  f u l l y  cooked k r a f t  pu lps  from a l l  
n i n e  mixtures  were a s  good a s  those made from temperate zone hardwoods. 
Thus mixed t r o p i c a l  hardwoods, r e g a r d l e s s  of source ,  should be  s u i t a b l e  
f o r  t h e  product ion of bleached,  market-type pu lps .  

(3)  The screened p o r t i o n s  of  high-yield k r a f t  pu lps  were n e a r l y  a s  good 
a s  f u l l y  cooked k r a f t  pulps .  The screenings  p o r t i o n  was found t o  be  
accep tab l e  f o r  co r ruga t ing  medium. Thus i t  may be  p o s s i b l e  t o  produce 
both  a  pulp f o r  l i ne rboa rd  and one f o r  cor ruga t ing  medium us ing  a  s i n g l e  
pu lp ing  process .  

(4) Handsheet p r o p e r t i e s  of bo th  NSSC pulps  and k r a f t  semichemical 
pu lps  i n d i c a t e  t h a t  e i t h e r  p rocess  could be  used t o  produce pulps  f o r  
use  i n  co r ruga t ing  medium. However, NSSC pulps o f f e r  a  y i e l d  advantage 
and improved p r o p e r t i e s .  

( 5 )  Improved semichemical pu lp  p r o p e r t i e s  can be obtained by adding 
c a u s t i c  soda t o  t h e  NSSC pulp ing  l i q u o r  o r  by reducing y i e l d s  of e i t h e r  
NSSC o r  k r a f t  pulps .  
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Market-type, bleached k r a f t  pulps  w i th  q u a l i t y  a s  good o r  b e t t e r  than 
commercial North American hardwood k r a f t  market pu lps  were made from 
mixtures  of t r o p i c a l  hardwoods grown i n  t h e  P h i l i p p i n e s ,  Ghana, o r  
Colombia. The lowest d e n s i t y ,  l i g h t e s t  co lored  spec i e s  s e l e c t e d  from two of 
t h e s e  t h r e e  wood r e sou rces  produced good-quality thermomechanical pu lps  
s u i t a b l e  f o r  use  i n  a v a r i e t y  of white  papers .  

Acceptable  q u a l i t y  newsprint  f o r  l o c a l  markets was made from: (1) 100 per- 
cen t  P h i l i p p i n e  hardwoods c o n s i s t i n g  of 70 percent  thermomechanical pulp 
and 30 percent  bleached hardwood k r a f t  pu lp ,  and (2) 90 pe rcen t  P h i l i p p i n e  
hardwoods c o n s i s t h g  of 70 percent  thermomechanical pulp and 20 percent  
bleached hardwood k r a f t  pu lp ,  w i th  t h e  remainder being 10  percent  long- 
f i b e r e d  k r a f t  o r  s u l f i t e  pulp.  These r e s u l t s  were v e r i f i e d  by making 
s i m i l a r  newsprint from t h e  Ghanaian hardwoods. 

Furn ishes  con ta in ing  80 pe rcen t  bleached P h i l i p p i n e  hardwood k r a f t  pulp 
and 20 percent  commercial long-fibered pulp produced accep tab l e  q u a l i t y  
t i s s u e  and toweling papers .  Replacing h a l f  t h e  hardwood k r a f t  pulp 
wi th  thermomechanical pulp caused no s i g n i f i c a n t  changes i n  q u a l i t y  of 
t he se  papers .  

Acceptable  q u a l i t y  t a b l e t  paper  was made from a f u r n i s h  con ta in ing  
60 percent  P h i l i p p i n e  hardwood k r a f t  pulp and 20 pe rcen t  each of thermo- 
mechanical pu lp  and commercial long-f ibered pulp. Inc reas ing  t h e  amount 
of thermomechanical pulp decreased a l l  p r o p e r t i e s  except  opac i ty .  



MARKET PULP AND WHITE PAPERS 

FROM M I  XED TROP ICAL 'flRDWOOD S 

Donald J. Fahey 
and 

James F. Laundrie 

INTRODUCT TON 

The demand f o r  pulp and paper  cont inues t o  grow wi th  t h e  g r e a t e s t  i nc reases  
pro jec ted  t o  occur i n  t h e  developing coun t r i e s .  Many of t h e s e  developing 
c o u n t r i e s  a r e  i n  t h e  t r o p i c s  and have an abundance of hardwood f o r e s t s  
which a r e  p re sen t ly  u n d e r u t i l i z e d  o r  misused through h ighly  s e l e c t i v e  
logging of prime t imber  spec i e s .  These s t u d i e s  were made i n  o rde r  t o  
a s s i s t  t h e s e  developing c o u n t r i e s  i n  e s t a b l i s h i n g  manufacturing 
f a c i l i t i e s  f o r  conversion of t h e i r  remaining secondary s p e c i e s  i n t o  
expor tab le  bleached market-type k r a f t  pu lps  and newsprint ,  t i s s u e  and 
toweling,  and t a b l e t  papers  f o r  e i t h e r  domestic consumption o r  expor t .  
These s t u d i e s  w e r e  p a r t  of a  l a r g e r  program i n  which t h e  Fo re s t  Products  
Laboratory,  under a  c o n t r a c t  wi th  t h e  U.S. Agency f o r  I n t e r n a t i o n a l  
Development, i n v e s t i g a t e d  t h e  f e a s i b i l i t y  of producing a  v a r i e t y  of 
f o r e s t  products  from a wide mix of t r o p i c a l  hardwood spec i e s .  

EXPERIMENTAL 

Wood Resource 

Three geographical  a r e a s  w e r e  s e l ec t ed  f o r  ob t a in ing  t h e  wood resource .  
These w e r e  t h e  Ph i l i pp ines  ( represen t ing  Southeast  As i a ) ,  Ghana (Afr ica) ,  
and Colombia (Latin America) . The method of sampling f o r  each l o c a t i o n  
was e s s e n t i a l l y  t h e  same. From t h e  l i t e r a t u r e ,  s p e c i e s  w i th  s p e c i f i e d  
va lues  f o r  d e n s i t y ,  s i l i c a  con ten t ,  and e x t r a c t i v e s  were designated a s  
p o t e n t i a l  samples. Thus mixtures  wi th  va r ious  d e n s i t y  d i s t r i b u t i o n s  
could be s imula ted ,  low and high conten ts  of s i l i c a  and e x t r a c t i v e s  would 
be a v a i l a b l e ,  and a  range of co lo r  from l i g h t  t o  dark  would be presen t .  
Some freedom of s u b s t i t u t i o n  was allowed where l o c a l  cond i t i ons  made i t  
d i f f i c u l t  t o  ha rves t  a  p r e f e r r ed  spec ies .  The logs  w e r e  shipped t o  
Fo re s t  Products Laboratory f o r  processing.  



Table 1.--Names and s p e c i f i c  g r a v i t i e s  of 24 P h i l i p p i n e  
hardwoods used t o  make mixtures  f o r  both 
k r a f t  and thermonechanical pu lp ing  

Common name Botanical  name S p e c i f i c  
11 gravity- 

Tangisang-bayauak 
Binuan g 
Balilang-uak 
Kaitana 
I lang- i lang  
Anabiong 
Hamind an g 
Balan t i 
Mayapis 
Malansantol 
White lauan 
Tulo 
Tangi le  
Pahutan 
Apanit 
Lago 
Ba g t  ikan 
Sakat 
Red lauan  
I tangan  
P i l i n g - l i i t a n  
Lomarau 
Malabet is  
Dangkalan 

F icus  v a r i e g a t a  
Octomeles sumatrana 
Meliosma macrophylla 
Zanthoxylum r h e t s a  
Cananga odora ta  
Trema o r i e n t a l i s  
Macar anga b i co lo r  
Homolanthus populneus 
Shorea squamata 
Sandoricum v i d a l i i  
Pentacme con to r t a  
Alphi tonia  ph i l i pp inens i s  
Shorea polysperma 
Mangifera a l t i s s i m a  
Mast ix ia  p h i l i p p i n e n s i s  
Pygeum vulgare  
Parashorea p l i c a t a  
Terminal ia  n i t e n s  
Shorea negroensis  
Weinmannia luzon iens i s  
Canarium luzonicum 
Switonia f oxwor t h y i  
Madhuca oblongif o l i a  
Calophyllum obl iquinervium 

11 Dry weight ,  green volume b a s i s .  - 



Chip Mi.xtures 

Forty-seven s p e c i e s  of P h i l i p p i n e  hardwoods, 22 s p e c i e s  of Ghanaian hard- 
woods, and 17 s p e c i  s of Colombian hardwoods were used t o  make ch ip  mix tu r e s  
f o r  k r a f t  p u l p i n g . g  The c h i p s  were made from bark- f ree  l o g s  i n  a com- 
merc i a l  s i z e  four -kn i fe  ch ipper .  The nominal l e n g t h  of t h e  c h i p s  was 
518 i nch ,  and t h e  f i n e s  and o v e r s i z e  were removed p r i o r  t o  b lend ing  of 
t h e  i n d i v i d u a l  s p e c i e s .  

Four ch ip  mix tures  were made f o r  k r a f t  pulping:  

(a) Equal amounts of t h e  47 P h i l i p p i n e  spec ies . l /  
(b) Equal amounts of 24 P h i l i p p i n e  s p e c i e s  l i s t e d  i n  t a b l e  1. 

11 (c) Equal amounts of t h e  22 Ghanaian species . -  
(d) Equal amounts of  t h e  17 Colombian s p e c i e s . l l  

The mix ture  of 24 P h i l i p p i n e  s p e c i e s  was a l s o  used f o r  producing thermo- 
mechanical  pulp.  Three s p e c i a l  ch ip  mix tures  were made of on ly  t h e  lowes t  
d e n s i t y ,  l i g h t e s t  co lored  s p e c i e s  f o r  producing thermomechanical pu lps .  
One mix ture  con ta ined  t h r e e  s p e c i e s  and ano ther  con ta ined  f i v e  s p e c i e s  
of P h i l i p p i n e  hardwoods. The t h i r d  mix ture  con ta ined  f o u r  s p e c i e s  of 
Ghanaian hardwoods. The names and s p e c i f i c  g r a v i t i e s  of t h e  s p e c i e s  
used i n  t h e s e  s p e c i a l  mix tures  are given i n  t a b l e  2. 

Kraf t Pulp ing  

Based on t h e  r e s u l t s  of p r e l im ina ry  smal l - sca le  d i g e s t i o n s  of a l l  t h e  
mix tures ,  t h e  p i l o t - s c a l e  d i g e s t i o n s  p rov id ing  pu lp  f o r  b l each ing  and 
subsequent  papermaking were a l l  made under t h e  fo l l owing  c o n d i t i o n s  
r e g a r d l e s s  of wood source:  

(1) 16.0 pe r cen t  a c t i v e  a l k a l i  
(2) 25.0 pe r cen t  s u l f i d i t y  
(3) 4 t o  1 water-to-wood r a t i o  
(4) 90 minutes t o  raise t h e  t empera ture  t o  170' C 
(5) 90 minutes at 170" C 

A t  t h e  end of t h e  cooking per iod  t h e  d i g e s t e r  was blown, and t h e  r e s u l t i n g  
pu lp s  were washed w i t h  ho t  wa t e r ,  screened through a 0.012-inch s l o t t e d  
f l a t  s c r een ,  and wet lapped p r i o r  t o  b leach ing .  

11 The gene ra l  groups of s p e c i e s  a r e  de sc r i bed  by J. F. Laundrie  i n  
 raft and NSSC Pulp ing  of Mixed T rop i ca l  IIardwoods," ano the r  p r e p r i n t  
f o r  t h i s  Conference on U t i l i z a t i o n  of T rop i ca l  F o r e s t s ,  May 21-28, 1978, 
a t  Madison, W i s .  



Table  2.--Names and s p e c i f i c  g r a v i t i e s  of t h e  hardwoods 
used t o  make mix tures  f o r  thermomechanical 
p u l p i n g  

Common name Bo tan i ca l  name 1 / S p e c i f i c  gravi ty-  

PHILIPPINE 3-SPECIES MIXTURE 

Rarang E r y t h r i n a  suburnbrans 0.264 

Gubas Endo spermum pel ta turn .316 

D i t a  A l s t o n i a  s c h o l a r i s  .316 

PHILIPPINE 5-SPECIES MIXTURE 

Binuang Octomeles sumatrana ,242 

Kapok Ceiba pen tandra  .244 

Balilang-uak Meliosma macrophylla .260 

Kai tana  Zanthoxylum r h e t s a  .296 

I l ang - i l ang  Cananga odo ra t a  .308 

GHANAIAN 4-SPECIES MIXTURE 

Otu C l e i s t o p h o l i s  pa t ens  .241 

Ef f eu  Hannoa k l e ineana  .283 

Af r i c an  corkwood Musanga cec rop io ide s  .301 

Obeche T r i p l o c h i t o n  s c l e roxy lon  .302 

11 Dry weigh t ,  g reen  volume b a s i s .  - 



Bleaching 

Kraf t  pu lps  made from t h e  two mixtures of Ph i l i pp ine  hardwoods and t h e  
mixture  of Ghanaian hardwoods were semibleached t o  75 t o  85 percent  
b r igh tnes s  i n  a  th ree-s tage  bleach c o n s i s t i n g  of c h l o r i n a t i o n ,  c a u s t i c  
soda e x t r a c t i o n ,  and hypochlor i te .  These semibleached pulps  were used 
a s  p a r t  of t h e  f u r n i s h  i n  t h e  production of newsprint.  

F u l l y  bleached k r a f t  pulps  were made from a l l  t h e  mixtures  except  t h e  
Ph i l i pp ine  mixture  con ta in ing  24 spec i e s .  These pu lps  were bleached 
t o  88 t o  90 percent  b r igh tnes s  i n  a  f ive-s tage  bleach c o n s i s t i n g  of 
c h l o r i n a t i o n ,  c a u s t i c  soda e x t r a c t i o n ,  c h l o r i n e  d iox ide ,  c a u s t i c  soda 
e x t r a c t i o n ,  and c h l o r i n e  d iox ide .  These f u l l y  bleached pulps  were 
subsequent ly  used a s  p a r t  of t h e  f u r n i s h  i n  t h e  product ion of t a b l e t ,  
t i s s u e ,  and toweling papers .  Quan t i t i e s  of t he se  f u l l y  bleached pulps  
were a l s o  d r i e d  on t h e  paper machine i n  order  t o  provide samples of a  
market-type pulp shee t .  

Thermomechanical Pulping 

The 3-, 5-, and 24-species mixtures  of Ph i l i pp ine  hardwoods and t h e  4-species 
mixture  of Ghanaian hardwoods were converted i n t o  thermomechanical pu lps  
a t  t h e  p i l o t  p l a n t  of C. E. Bauer, Sp r ing f i e ld ,  Ohio. These mixtures  
were given an i n i t i a l  2-minute steaming a t  30 pounds per  square  inch  gage 
and then f i b e r i z e d  t o  about 400 Canadian Standard f r eenes s  i n  a  
418 p re s su r i zed  r e f i n e r .  These high-freeness  pulps  were r e tu rned  t o  
t h e  Fo re s t  Products  Laboratory a f t e r  t h e  i n i t i a l  f i b e r i z i n g  t o  a l low 
b e t t e r  c o n t r o l  and more f l e x i b i l i t y  i n  developing optimum p r o p e r t i e s  of 
t he se  pulps .  

Prel iminary atmospheric r e f i n i n g  t r i a l s  made wi th  t he se  high-freeness  
pulps  i n  a  36-inch-diameter d i s k  m i l l  i nd i ca t ed  t h a t  i t  was necessary  
t o  lower t h e  f r eenes s  t o  about  125 Canadian Standard f r e e n e s s  t o  develop 
optimum p r o p e r t i e s .  Consequently, t h e  l a r g e r  ba tches  of pu lp  f o r  t h e  
paper machine t r i a l s  were r e f i n e d  t o  about  t h i s  f r eenes s .  Because 
t he  b r igh tnes s  of a l l  t h e  thermomechanical pulps  was too low f o r  newsprint ,  
they were bleached wi th  hydrogen peroxide before  being used i n  t h e  paper 
machine t r i a l s .  

Papermaking 

Pulps  from t h e  P h i l i p p i n e  hardwood mixtures  were used i n  a  v a r i e t y  of 
products  i nc lud ing  newspr in t ,  t i s s u e  and toweling, and t a b l e t  papers .  The 
cond i t i ons  used t o  process  t he  pulps  and t h e  q u a n t i t i e s  of s i z e  and 
f i l l e r  added were based on prev ious  experience.  Thus on ly  a  minor s tudy  
was made of t he se  important  v a r i a b l e s  wi th  t he se  pulps .  Newsprint 
experiments were repea ted  w i th  pulps  made from Ghanaian wood mixtures .  



Table  3.--Handsheet p r o p e r t i e s  of unbleached and bleached k r a f t  pu lps  made from P h i l i p p i n e ,  
Ghanaian, and Colombian hardwood mix tu re s  and commercial market pu lps  from 
North American hardwoods 

Kraf t  pu lp  type  Handsheet p r o p e r t i e s  Pulp p r o p e r t i e s  

Br ightness  V i s c o s i t y  Beat ing  Burst  Tear Breaking Apparent 
time f a c t o r  f a c t o r  l e n g t h  d e n s i t y  

P c t  - CP - 

PHILIPPINE MIXTURE--47 SPECIES 

Unbleached 
(Kappa No. 22.8) 

Bleached--CEDED 
(paper machine 
d r i e d )  

PHILIPPINE MLXTURE--24 SPECIES 

Unbleached 
(Kappa No. 23.7) 

COLOMBIAN MIXTIRE 

Unbleached 
(Kappa No. 27.6) 

Bleached--CEDED 
(paper machine 
d r i e d )  

GHANAIAN MIXTURE 

Unbleached 
(Kappa No. 22.8) 

Bleached --CEH 

Bleached--CEDED 
(paper machine 
d r i e d )  

WIMERCIAL PULPS 

Bleached market pulp  
( sou the rn  U.S. 
hardwoods--dried) 

Bleached market pulp  
( e a s t e r n  Canadian 
hardwoods--dried) 



RESULT S 

Kraf t  Pulp P r o p e r t i e s  

The handsheet p r o p e r t i e s  of t h e  unbleached and bleached k r a f t  pu lps  a r e  
given i n  t a b l e  3. A l l  t he  unbleached k r a f t  pu lps  were remarkably s i m i l a r  
i n  p r o p e r t i e s  and were a s  good o r  b e t t e r  than k r a f t  pu lps  made from 
temperate zone hardwoods. A s  expected, t h e  semibleached pulps  made wi th  
a  hypochlor i te  s t a g e  and used i n  t h e  newsprint  paper machine t r i a l s  l o s t  
some s t r e n g t h .  The f u l l y  bleached pulps ,  on t he  o t h e r  hand, r e t a i n e d  
most of t h e i r  s t r e n g t h  and i n  some i n s t a n c e s  a c t u a l l y  gained s t r e n g t h ,  
e s p e c i a l l y  i n  t e a r i n g  r e s i s t a n c e .  

The paper machine-dried f u l l y  bleached pulps  t h a t  were made t o  demonstrate  
t h e  f e a s i b i l i t y  of producing market-type pu lps  a l l  l o s t  some s t r e n g t h  
dur ing  dry ing .  Never the less ,  a l l  of t he se  experimental ,  market-type 
pulps ,  r e g a r d l e s s  of t h e  wood mixture  o r f g i n ,  were a s  good o r  b e t t e r  i n  
s t r e n g t h  p r o p e r t i e s  than t h e  two commercial market pulps  made from e i t h e r  
southern  U.S. hardwoods o r  e a s t e r n  Canadian hardwoods. 

Thermomechanical P u l ~  P r o ~ e r t i e s  

The handsheet p r o p e r t i e s  of t he  bleached thermomechanical pulps  made from 
t h e  P h i l i p p i n e  and Ghanaian hardwood mixtures  a r e  given i n  t a b l e  4. A l l  
t he se  pu lps  had adequate  s t r e n g t h  p r o p e r t i e s  f o r  product ion of t h e  s u b j e c t  
papers  . 
The b u r s t i n g  and t e n s i l e  s t r e n g t h s  of t h e  pulp made from t h e  P h i l i p p i n e  
3-species  mixture  were somewhat lower than those  of t h e  5-species  mixture ,  
p r imar i l y  because of t h e  h igher  f r eenes s  (which however, was lowered f o r  
t h e  paper machine runs  by a d d i t i o n a l  r e f i n i n g ) .  The only  de f i c i ency  
of t h e  thermomechanical pulp made from t h e  P h i l i p p i n e  24-species mix tures  
was t h e  b r i g h t n e s s ,  which was on ly  5 1  percent  compared t o  66 and 67 percent  
f o r  t h e  3- and 5-species  mixtures .  However, t h i s  pulp had a  b e t t e r  
s c a t t e r i n g  c o e f f i c i e n t  and o p a c i t y  than t h e  o t h e r s .  This ,  of course,  i s  
p a r t l y  due t o  i t s  lower b r igh tnes s .  

The thermomechanical pulp made from t h e  Ghanaian mixture  was b e t t e r  i n  
s t r e n g t h  p r o p e r t i e s  than any of those  made from t h e  P h i l i p p i n e  mixtures .  

These r e s u l t s  demonstrate  t h a t  thermomechanical pu lps  w i th  good s t r e n g t h  
p r o p e r t i e s  can be made from a  wide v a r i e t y  of mixtures ,  and t h a t  t h e  
number of s p e c i e s  and t h e i r  d e n s i t y  range depend mainly on t h e  pulp 
b r i g h t n e s s  r equ i r ed  f o r  t h e  papers  being made. 

Newsprint 

Resu l t s  f o r  t h e  v a r i o u s  experinrental  newspr in t s  a r e  presen ted  i n  t a b l e  5. 
For comparison, p r o p e r t i e s  of commercial newsprint from t h e  P h i l i p p i n e s  
and Canada have been included.  



Tab le  4.--Handsheet p r o p e r t i e s  of bleached thermomechanical pu lp s  made from P h i l i p p i n e  and 
Ghanaian hardwood mix tures  

Mix ture  Freeness  Burs t  Tear  Breaking Apparent B r igh tne s s  S c a t t e r i n g  Opacity 
(Canadian f a c t o r  f a c t o r  l e n g t h  d e n s i t y  
S tandard)  

c o e f f i c i e n t  

Ph i l i pp i r i e  3 s p e c i e s  170 7.0 39.6 2.2 0.42 66 .1  655 90.0 

P h i l i p p i n e  5 s p e c i e s  105 11.4 32.6 3.0 .45 67.2 6 73 91.4 

P h i l i p p i n e  24 s p e c i e s  115 9.2 27.6 2 .3  .42 51.0 690 96.9 

Ghanaian 4 s p e c i e s  120 13.7 40.6 3 .5  .54 66.8 6 62 90.8 
h, 
lJl 
0 



1/ 2 Table  5.--Properties- of  nominal 32-pound (52 g/m ) newsprint  from P h i l i p p i n e  and Ghanaian hardwoods 

Amount of Thickness Burs t ing  Tearing T e n s i l e  Opaci ty  S c a t t e r i n g  Br igh tness  A i r  Smoothness 
hardwood s t r e n g t h  r e s i s t a n c e  s t r e n g t h  c o e f f i c i e n t  (Elrepho) r e s i s t a n c e  (Bekk) 

(avo  1 (av. 1 (Gurley ) (av 1 .................................................................................................................... 
P c t  M i l  

2 3 
- P t s  - G - Piw P c t  - - Cm / _ g  P c t  S/100 cm Sec 

PHILIPPINES 

Z/80 3.2 9.4 21.6 8.7 87.4 494 58.1 

3/90 3.9 9.2 24.5 8.4 85.0 489 61.9 

&/lo0 3.6 10.4 19.5 9.7 89.8 487 61.4 

5/90 3.5 11.5 26.8 10.6 91.3 503 46.5 

GHANA 

COMMERCIAL PAPER, PHILIPPINE 

COMMERCIAL PAPER, CANADIAN 

1/ Tested accord ing  t o  TAPPI Standard Methods. - 
21 Bleached thermomechanical pulp (3 l i g h t e r  co lored  woods); remainder long-f iber  s u l f i t e  pulp.  - 
3 /  70 p c t  bleached thermomechanical pulp (3 l i g h t e r  co lored  woods w i th  t h e  P h i l i p p i n e  and 4 w i t h  Ghanaian 

mix ture) ,  20 p c t  semibleached hardwood k r a f t ,  and 10 p c t  long- f iber  s u l f i t e  pulp.  
4 /  70 p c t  bleached thermomechanical pulp (3  l i g h t e r  co lored  woods) and 30 p c t  semibleached hardwood k r a f t .  - 
5 /  Same f u r n i s h  a s  f o o t n o t e  3 ,  except  24 of t h e  lower d e n s i t y  woods were used f o r  t h e  thermomechanical pulp. - 



The newsprint  papers   fro^ t h e  Ph i l i pp ine  hardwoods had good s t r e n g t h s ,  
gene ra l ly  i n  t h e  range of the c o m e r c i a l  papers.  Acceptable newsprint 
was made from 100 percent  of t hese  hardwoods (70 p c t  thermomechanical 
pulp and 30 pc t  hardwood k r a f t ) .  While i t s  opac i ty  was no t  a s  high a s  
t h e  commercial papers ,  i t  was somewhat hlgher  i n  b r igh tnes s .  In  terms 
of s c a t t e r i n g  power Csca t te r ing  c o e f f i c i e n t ) ,  however, i t  was a s  good a s  
t h e  newsprint from Canada. The p r i n t i n g  c h a r a c t e r i s t i c s  and smoothness 
were a l s o  i n  t h e  range of t h e s e  commercial shee t s .  

Replacing p a r t  of t h e  hardwood k r a f t  with commercial softwood s u l f i t e  
pulp, which may be needed f o r  high-speed r u n n a b i l i t y ,  had l i t t l e  o r  no 
e f f e c t  on shee t  p rope r t i e s .  This  shee t  was comparable i n  s t r e n g t h  t o  
t he  paper made wi th  80 percent  thermomechanical pulp and 20 percent  
s u l f i t e  pulp. The p r i n t a b i l i t y  and o p t i c a l  p r o p e r t i e s  were b e t t e r  with 
t h e  h igher  therrnomechanical pulp l e v e l .  The thermomechanical pulp used 
i n  a l l  t he se  runs was made us ing  the  t h r e e  lower dens i ty  spec i e s  t h a t  were 
l i g h t  i n  co lo r .  

Increas ing  t h e  number of Ph i l i pp ine  spec i e s  t o  24 f o r  t h e  thermomechanical 
pulp s t i l l  y ie lded  newsprint paper w i th  adequate s t r e n g t h  p r o p e r t i e s .  
However, t h e  b r igh tnes s ,  a s  expected, w a s  lower than f o r  North American 
newsprint.  This  paper was made from a f u r n i s h  con ta in ing  70 percent  
bleached thermomechanical and 20 percent  bleached k r a f t  pu lps ,  both made 
from the  same hardwood mixture,  and 10 percent  long-f ibered k r a f t  pulp.  
While t h e  b r igh tnes s  might l i n i t  i ts  acceptance i n  a world market,  i ts  
q u a l i t y  may s t i l l  be adequate  f o r  some l o c a l  markets. The b r igh tnes s  
was a s  good, f o r  example, a s  newsprint now produced i n  t h e  Ph i l i pp ines .  

The newsprint r e s u l t s  obtained wi th  t h e  Ph i l i pp ine  woods were v e r i f i e d  
wi th  pulps made from Ghanaian wood mixtures.  The f u r n i s h  contained 
70 percent  bleached thermomechanical pulp, 20 percent  bleached hardwood 
k r a f t  pulp, and 10  percent  long-fibered s u l f i t e  pulp. This would 
i n d i c a t e  t h e  genera l  f e a s i b i l i t y  of  t r o p i c a l  hardwoods i n  o the r  f o r e s t  
reg ions  f o r  newsprint manufacture. 

Tissue and Toweling Papers 

Resu l t s  f o r  t hese  experimental  papers  a r e  presented i n  t a b l e  6. For 
comparison, t i s s u e  and toweling papers  were a l s o  made on t h e  FPL 
experimental  paper machine us ing  a f u r n i s h  of 80 percent  hardwood bleached 
k r a f t  pulp and 20 percent  of long-f iber  k r a f t  pulp,  bo th  obtained from 
North American manufacturers.  These pulps had been received i n  a i r -d r i ed  
l a p  form. The Ph i l i pp ine  hardwood k r a f t  pulp used i n  t hese  experiments 
cons is ted  of equal  p a r t s  of never-dried pulp and pulp d r i ed  t o  about 
80 percent  s o l i d s  conten t .  In  a d d i t i o n  t o  t hese  experimental  r e f e rence  
papers ,  p r o p e r t i e s  of "weigh shee ts"  taken d i r e c t l y  from a commercial 
paper machine p r i o r  t o  conver t ing  a r e  a l s o  included i n  t h e  t a b l e .  



Table 6 . - - ~ r o ~ e r t i e s ~ '  of s a n i t a r y  t i s s u e s  and toweling from 
Ph i l i pp ine  hardwoods 

Bleached Tens i l e  S t r e t ch ,  MD Water Softness-- 
hardwood s t r e n g t h ,  MD absorbency o v e r a l l  

2 / kraf  t- 
3 (0.1 cm ) 

Pct  - P i w  - Pct  Sec - 
2 

FACIAL TISSUE, 12-POUND (20 g/m ) 

40 1.03 27.6 65.2 

TOILET TISSUE, 14-POUND (23 g/m2) 

4 0 1.66 10.2 49.8 

2 
CREPED TOWELING, 30-POUND (49 g/m ) 

1/ Tested according t o  TAPPI Standard Methods. - 
21 A l l  f u rn i shes  con ta in  20 pc t  commercial long f i b e r  bleached 

k r a f t p u l p .  The fu rn i shes  w i th  40 p c t  bleached k r a f t  had 40 pc t  
hardwood (3 of t h e  l i g h t e r  colored spec ies )  bleached thermo- 
mechanical pulp. 



11 2 Table  7.--Propertie- of 16-pound (60 g/m ) t a b l e t  papers  from P h i l i p p i n e  hardwoods 

Amount of Thickness  Burs t ing  Tearing T e n s i l e  A i r  Opaci ty  Br igh tness  Smoothness 
hardwood s t r e n g t h  r e s i s t a n c e  s t r e n g t h  r e s i s t a n c e  (Elrepho) (Bekk) 

(av. > (av* 1 (Gurley ) (av. > 

Pct  M i l  - - P t s  - G - P iw S/100 cm pet P c t  - Sec 

2/80 3.4 22.4 45.0 17.9 11.3 82.8 78.4 22.9 

Commercial U.S. 3.2 23.9 50.9 16.7 13.4 53.6 81.8 42.4 

10 
cn - 11 Tested accord ing  t o  TAPPI Standard Methods. 
f. 21 60 pc t  bleached k r a f t  pulp,  20 p c t  bleached thermomechanical pu lp ,  remainder long- f iber  k r a f t  - 

pulp 
31 45 p c t  bleached k r a f t  pulp,  35 p c t  bleached thermomechanical pulp,  remainder long- f iber  k r a f t  - 

pulp  
41 40 p c t  bleached k r a f t  pulp,  50 p c t  bleached thermomechanical pu lp ,  remainder long- f iber  k r a f t  - 

pulp 



F a c i a l  T issue  

A s o f t ,  absorbent  f a c i a l  t i s s u e  was made wi th  80 percent  P h i l i p p i n e  
hardwood k r a f t  pulp. This  t i s s u e  was somewhat b e t t e r  i n  t h e s e  charac- 
t e r i s t i c s  than t h e  r e f e rence  t i s s u e  made wi th  commercial hardwood k r a f t  
pulp, which i n  t u r n  was b e t t e r  than t h e  "weigh shee ts . "  I ts c r o s s  machine 
t e n s i l e  s t r e n g t h  was s l i g h t l y  lower than t h e  experimental  re ference ,but  
b e t t e r  than t h a t  of t h e  "weigh sheets ."  

Replacing ha l f  of t h e  Ph i l i pp ine  hardwood k r a f t  pulp wi th  t h e  Ph i l i pp ine  
hardwood thermomechanical pulp r e s u l t e d  i n  a less s o f t  and absorbent  
f a c i a l  t i s s u e  but  s t i l l  s o f t e r  than t h e  "weigh shee ts . "  It had good 
s t r e n g t h  p r o p e r t i e s .  

These f a c i a l  t i s s u e s  were dry-creped a t  95 percent  s o l i d s  o r  above wi th  
0.05 percent  of a polyamide r e s i n  added t o  t h e  f u r n i s h  f o r  b e t t e r  
adhesion a t  t he  c rep ing  d rye r .  

T o i l e t  T issue  

Good-quality t o i l e t  t i s s u e s  were a l s o  made with t h e  Ph i l i pp ine  hardwoods. 
The 80-20 Ph i l i pp ine  hardwood k r a f t  and long-f iber  shee t  had the  b e s t  
s o f t n e s s ,  and i t s  absorbency was comparable t o  t h e  experimental  re ference .  
While i t s  s t r e n g t h  was s l i g h t l y  lower than t h e  experimental r e f e rence ,  
i t  was somewhat s t ronger  than  t h e  "weigh sheet ."  Adding thermomechanical 
pulp lowered t h e  s o f t n e s s  and absorbency, but d id  not  adverse ly  a f f e c t  t h e  
s t r eng th .  These t i s s u e s  were wet-creped a t  about 53 percent  s o l i d s .  

Toweling 

The toweling paper made with 80 percent  Ph i l i pp ine  hardwood k r a f t  pulp 
had more than adequate  s t r e n g t h ,  but  i t  was not  a s  s o f t  o r  a s  absorbent  
a s  t h e  experimental  con t ro l .  With less processing,  b e t t e r  s o f t n e s s  and 
absorbency undoubtedly could be  obtained a t  a s a c r i f i c e  of some excess  
s t r eng th .  Both these  c h a r a c t e r i s t i c s  improved when ha l f  of t h e  k r a f t  pulp 
was replaced with thermomechanical pulp. Increas ing  the  amount of thermo- 
mechanical pulp i n  t h e  f u r n i s h  from 40 t o  60 percent  had a s l i g h t  adverse 
e f f e c t  on both s o f t n e s s  and absorbency, but no t  on s t r eng th .  A l l  of t h e  
experimental  toweling papers  e a s i l y  met t h e  requirements s p e c i f i e d  by t h e  
Government i n  Federal  Spec i f i ca t ion  UU-T-591d f o r  paper towels. 

A l l  f u r n i s h e s  had 0.25 percent  wet-s t rength r e s i n  added cont inuously.  
The webs were wet-creped a t  50 t o  60 percent  s o l i d s .  

Tablet  Papers 

Resu l t s  f o r  t h e  va r ious  t a b l e t  papers a r e  presented i n  t a b l e  7 .  For 
comparison, p r o p e r t i e s  of a commercial U.S. t a b l e t  have been included. 



Acceptable t a b l e t  paper was made from a f u r n i s h  c o n s i s t i n g  of 60 percent  
P h i l i p p i n e  hardwood k r a f t  pulp and 20 percent  each  of P h i l i p p i n e  hardwood 
thermomechanical pulp and a  commercia.1 long-f iber  pulp.  Except f o r  t e a r  
and smoothness, t h e  paper was comparable t o  a  commercial t a b l e t  paper 
used f o r  r e f e r ence .  The t e a r  could perhaps be improved wi th  less r e f i n i n g  
of t h e  long- f iber  pulp o r  wi th  a  s l i g h t l y  h igher  percentage i n  t h e  f u r n i s h .  
The experimental  t a b l e t  papers  w e r e  not  a s  smooth a s  t h e  r e f e r e n c e ,  
presumably due t o  t h e  g r e a t e r  degree of recovery from compression 
gene ra l l y  noted wi th  thermomechanical pulps .  The a d d i t i o n  of t h e  
c a t i o n i c  s t a r c h  t o  t h e  f u r n i s h  had l i t t l e  o r  no e f f e c t  on t h e  shee t  p r o p e r t i e s .  

I nc reas ing  t h e  thermomechanical pulp i n  t h e  f u r n i s h  t o  35 percent  
r e s u l t e d  i n  a  reduc t ion  i n  s t r e n g t h  p r o p e r t i e s .  When 50 percent  thermo- 
mechanical pulp was used,  a  no t i ceab le  improvement i n  o p a c i t y  r e s u l t e d .  
This  paper had s t r e n g t h s  n e a r l y  comparable t o  t h e  paper w i th  35 pe rcen t  
thermomechanical pulp.  

CONCLUSIONS 

(1) Bleached market g rades  of k r a f t  pu lps  can be made from mixed 
t r o p i c a l  hardwoods which a r e  a s  good o r  b e t t e r  i n  s t r e n g t h  than commercial 
North American hardwood market pulps .  

(2) The f a c t  t h a t  k r a f t  pu lps  from mixtures  of s p e c i e s  from t h e  
P h i l i p p i n e s ,  Ghana, o r  Colombia were a l l  n e a r l y  t h e  same i n  q u a l i t y  
sugges t s  t h a t  mixed t r o p i c a l  hardwoods, r e g a r d l e s s  of source ,  a r e  a  good 
raw m a t e r i a l  f o r  such pulp.  

(3) Good-quality thermomechanical pulps  can be  made from mixtures  of t h e  
lowest  d e n s i t y  and l i g h t e s t  colored t r o p i c a l  hardwoods. The range of 
s p e c i e s  can be  extended t o  i nc lude  higher  d e n s i t y ,  da rke r  co lored  woods 
provided high b r i g h t n e s s  i s  not  requi red .  

( 4 )  Acceptable  q u a l i t y  newsprint  can be made from 100 percent  t r o p i c a l  
hardwood. pu lps  f o r  l o c a l  markets bu t  may r e q u i r e  t h e  a d d i t i o n  of a  smal l  
q u a n t i t y  of long-f ibered pulp  f o r  t h e  world market. 

(5) Acceptable-qual i ty  s a n i t a r y  t i s s u e  and toweling can be made us ing  
80 t o  90 percent  t r o p i c a l  hardwood pulps .  Thermomechanical pu lps  can be 
used i n  p l a c e  of p a r t  of t h e  k r a f t  pulp wi th  no s i g n i f i c a n t  changes i n  
q u a l i t y .  

(6) Acceptable-qual i ty  t a b l e t  papers  can be  made wi th  a s  much a s  
80 percent  t r o p i c a l  hardwood pulp.  P a r t  of t h e  t r o p i c a l  hardwood pulp can 
be made by t h e  thermomechanical pulping process ,  but  t h i s  pulp w i l l  r e q u i r e  
b leaching  even when us ing  t h e  l i g h t e s t  co lored  spec i e s .  
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Corrugated f i be rboa rd  c o n t a i n e r s  were s u c c e s s f u l l y  made from nomfnal 
42-pound, s t a r c h  sur face-s ized  l i ne rboa rd  c o n s i s t i n g  of 50 pe rcen t  
P h i l i p p i n e  o r  Colombian hardwood high-yield k r a f t  pu lp  and 50 pe rcen t  
wes te rn  k r a f t  softwood pulp,  t oge the r  w i th  26-pound co r ruga t ing  medium made 
from 100 pe rcen t  P h i l i p p i n e  or  Colombian hardwood high-yield k r a f t  
s c r een ings .  

The screened pulp from high-yield d i g e s t i o n s  of P h i l i p p i n e  hardwoods 
(Kappa 72.3) had about  t h e  same b u r s t i n g  and t e n s i l e  s t r e n g t h s  a s  t h e  
f u l l y  cooked pulp  (Kappa 26.1) ,  b u t  about  13 pe rcen t  l e s s  t e a r i n g  r e s i s t a n c e .  
The screened pulp  from high-yield d i g e s t i o n s  of Colombian hardwoods 
(Kappa 85.0) had about  30 pe rcen t  less b u r s t i n g  s t r e n g t h  and t e a r i n g  
r e s i s t a n c e  than t h e  f u l l y  cooked pulp (Kappa 24.7) and about  20 pe rcen t  
less t e n s i l e  s t r e n g t h .  

P i l o t - s c a l e  semichemical pu lps  were made from mixtures  of t r o p i c a l  hard- 
woods by t h e  n e u t r a l  s u l f i t e ,  k r a f t ,  green l i q u o r ,  and soda-carbonate 
processes .  These pulps  were converted i n t o  nominal 26-pound-per-1,000- 
square-foot  c o r r u g a t i n g  medium and eva lua t ed  f o r  r e s i s t a n c e  t o  f r a c t u r i n g  
du r ing  co r ruga t ing .  

Most mediums f r a c t u r e d  when f l u t e d  a t  20 f e e t  per  minute w i t h  a  minimum 
of s h e e t  t ens ion .  Decreasing t h e  n e u t r a l  s u l f i t e  pu lp  y i e l d  from 74 t o  
65 pe rcen t ,  r e f i n i n g  t h e  pu lp  more t o  g ive  b e t t e r  bonding, and lower ing  
t h e  paper machine headbox cons i s t ency  t o  g ive  a  b e t t e r  formed s h e e t  d id  
no t  improve r u n n a b i l i t y  on t h e  co r ruga to r .  I n c r e a s i n g  t h e  s u l f i d i t y  of  
t h e  k r a f t  pu lp ing  l i q u o r  from 25 t o  50 pe rcen t  w a s  a l s o  found t o  be  
i n e f f e c t i v e .  Sur face  f r i c t i o n a l  tests, microscopic  examinat ions,  and 
chemical a n a l y s i s  f a i l e d  t o  r evea l  causes  f o r  t h e  poor performance on t h e  
co r ruga to r .  However, adding o l e i c  a c i d  t o  t h e  paper machine f u r n i s h  o r  
pa s s ing  t h e  medium over  po lye thylene  b a r s  a s  i t  was be ing  f ed  t o  t h e  
c o r r u g a t o r  e f f e c t i v e l y  overcame t h e  r u n n a b i l i t y  d e f i c i e n c y  of t h e  
c o r r u g a t i n g  mediums. 
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INTRODUCTION 

A program sponsored by t h e  Agency f o r  I n t e r n a t i o n a l  Development 
involved t h i s  s tudy  t o  determine t h e  s u i t a b i l i t y  of u s ing  t r o p i c a l  
hardwoods f o r  cor ruga ted  f i be rboa rd  con ta ine r s .  Woods from Colombia, 
t h e  P h i l i p p i n e s ,  and Ghana were eva lua ted .  

EXPERIMENTAL 

Wood Mixtures  

Chips from t h e  v a r i o u s  t r o p i c a l  hardwoods were made from bark- f ree  wood 
i n  a commercial-size, four-knife  ch ipper .  The nominal l e n g t h  of t h e  
c h i p s  was 518 inch ,  wi th  t h e  f i n e s  and o v e r s i z e  be ing  removed p r i o r  
t o  b lending  of t h e  i n d i v i d u a l  spec i e s .  The mix tures  a r e  desc r ibed  by 

11 Laundrie i n  ano the r  paper i n  t h i s  sec t ion . -  

P h i l i p p i n e  

The mix ture  conta ined  equa l  amounts (dry-weight b a s i s )  of 47 P h i l i p p i n e  
spec i e s .  

Colombian 

The mixture  conta ined  v a r y i n g  amounts of 17 Colombian s p e c i e s .  

Ghanaian 

F i f t e e n  Ghanaian s p e c i e s  were used i n  t h e  mixture .  

Kraf t Pu lp ing  

Based on t h e  r e s u l t s  of p r e l imina ry  k r a f t  pu lp ing  s t u d i e s ,  p i l o t - s c a l e  
d i g e s t i o n s  were made w i t h  t h e  P h i l i p p i n e  and Colombian mix tures  producing 

I/ Laundrie ,  James F. 1978. Kra f t  and NSSC Pulping of Mixed 
~ r o ~ i c a l  Hardwoods. P r e p r i n t  f o r  1978 Conference on U t i l i z a t i o n  of 
T rop ica l  Fo re s t s .  (Tables  1 t o  4 . )  



a  f u l l y  cooked k r a f t  pulp and a  k r a f t  pulp w i t h  a  h igh  amount of 
sc reenings .  The f u l l y  cooked pulp f o r  l i ne rboa rd  product ion was made 
accord ing  t o  t h e  fo l lowing  cond i t i ons :  

(1) 16.0 percent  a c t i v e  a l k a l t .  

(2) 25 percent  s u l f i d i t y .  

(3) 4-to-1 water-to-wood r a t i o .  

(4) 90 minutes t o  r a i s e  t h e  temperature t o  170" C .  

(5) 75 minutes a t  170. C .  

A t  t h e  end of t h e  cooking pe r iod ,  t he  d i g e s t e r  was blown, and t h e  r e s u l t i n g  
pulps  were washed, screened through a 0.012-inch s l o t t e d  f l a t  s c r e e n ,  
and wet-lapped. 

P i l o t - s c a l e  d i g e s t i o n s  were a l s o  made t o  provide both a screened pulp f o r  
use i n  l i ne rboa rd  and sc reen ings  f o r  use i n  co r ruga t ing  medium. The con- 
d i t i o n s  used were t h e  same a s  those  of t he  f i r s t  series except  f o r  t i m e  a t  
170" C ,  which was reduced t o  on ly  5  minutes.  A s  w i th  t h e  f u l l y  cooked 
d i g e s t i o n s ,  t hese  d i g e s t i o n s  were s i m i l a r l y  blown, washed, sc reened ,  and 
wet-lapped. The sc reen ings  were subsequent ly f i b e r i z e d  a t  1 8  percent  
cons is tency  t o  a  Canadian Standard (CS) f r eeness  of about 700 m i l l i l i t e r s ,  
and then  r e f i n e d  a t  12  percent  cons is tency  t o  a  f r eeness  of about 
350 mi l l i l i t e r s ,  both i n  a  36-inch-diameter, double- ro ta t ing  d i s k  m i l l .  
The screened pulp made from t h e  P h i l i p p i n e  hardwood had a  Kappa number of 
72.3, whi le  t h e  pulp from t h e  f i b e r i z e d  sc reen ings  had a  Kappa number of 
122. The screened pulp  made from t h e  Colombian hardwoods had a  Kappa number 
of 85.0, whi le  t h e  pulp from t h e  f i b e r i z e d  sc reen ings  had a  Kappa number of  130. 

Semic hemical Pu lp ing  

Again, based on t h e  r e s u l t s  of pre l iminary  pulp ing  s t u d i e s ,  p i l o t - s c a l e  
n e u t r a l  s u l f i t e  semichemical (NSSC) d i g e s t i o n s  were made t o  o b t a i n  pulp 
y i e l d s  of about 75 percent .  The fo l lowing  cond i t i ons  were used: 

(1) 16.0 percent  sodium s u l f  i t e .  

(2) 4.0 percent  sodium carbonate .  

(3) 3.5-to-1 water-to-wood r a t i o .  

(4) 1 5  minutes '  presteaming of t h e  ch ips  a t  15 pounds per  square  inch.  

(5) 120 minutes t o  r a i s e  t h e  temperature t o  175O C .  

(6) 90 minutes a t  175a C .  

I n  a d d i t i o n  t o  t h e  NSSC pu lps ,  two mixtures  were pulped t o  produce p i l o t -  
s c a l e  semichemical pu lps  f o r  conversion i n t o  co r ruga t ing  medium on t h e  
paper machine. These were a  mixture of P h i l i p p i n e ,  Colombian, and 
Ghanaian hardwoods, pulped us ing  t h e  k r a f t  and green l i q u o r  processes ,  



and a Colombian mix ture  pulped w i th  t h e  soda-carbonate p rocess .  The 
v a r i o u s  pu lp ing  c o n d i t i o n s  used are given i n  t a b l e  1. 

With few excep t i ons ,  t h e  fo l lowing  procedures  were used. A t  t h e  end 
of cooking, t h e  l i q u o r  was blown from t h e  d i g e s t e r  and, wi thout  washing, 
t h e  cooked c h i p s  were f i b e r i z e d  a t  about 1 8  percen t  cons i s t ency  i n  a 
36-inch-diameter, double - ro ta t ing  d i s k  m i l l  t o  a CS f r e e n e s s  of about  
700 mi l l i l i ters .  The f i b e r i z e d  pu lps  were d i l u t e d  w i t h  ho t  water t o  
about  2 pe r cen t  cons i s t ency ,  screened through a 0.012-inch s l o t t e d  
f l a t  s c r e e n ,  wet-lapped, and crumbed be fo r e  r e f i n i n g  a t  about  12 pe r cen t  
cons i s t ency  i n  t h e  same d i s k  m i l l  t o  a CS f r e e n e s s  of about  350 mill i l i ters.  

Papermaking 

The s c r e e n  a c c e p t s  from t h e  high-yield k r a f t  pu lp s  were conver ted  i n t o  
nominal 42-pound-per-1,000-square-foot l i n e r b o a r d  on a n  exper imenta l  
Fou rd r in i e r  paper machine. Approximately 2 percen t  c o r n s t a r c h  was 
app l i ed  u s i n g  a h o r i z o n t a l  s i z e  p r e s s  on t h e  paper  machine. 

Nominal 26-pound-per-1,000-square-foot co r ruga t i ng  mediums were made on t h e  
paper machine from t h e  pu lp s  descr ibed  ( t a b l e  1 ) .  I n  most r u n s  t h e  
r e f i n i n g  and machine c o n d i t i o n s  were mainta ined a s  nea r  c o n s t a n t  as 
p o s s i b l e  t o  de te rmine  t h e  e f f e c t  of pulp y i e l d  and pu lp ing  p roce s s  on 
r u n n a b i l i t y .  I n  one r u n  (7175) 0.25 percen t  o l e i c  a c i d  (based on t h e  
d ry  weight of pulp)  was added t o  t h e  pulp f u r n i s h  i n  a n  a t t emp t  t o  
change t h e  s u r f a c e  f r i c t i o n a l  r e s i s t a n c e  of t h e  medium. This  r un  p l u s  
i t s  c o n t r o l  (7174) were made u s i n g  d r y  broke from prev ious  runs .  A 
s e r i e s  of r u n s  (7169-7173) were made va ry ing  headbox cons i s t ency  and 
degree  of pulp r e f i n i n g .  

Conver t ing 

Runnab i l i t y  

The c o r r u g a t i n g  mediums were eva lua ted  f o r  r e s i s t a n c e  t o  f r a c t u r i n g  on 
t h e  FPL s i n g l e f a c e r  by i n c r e a s i n g  t h e  speed from 0 t o  600 f e e t  p e r  
minute  w i t h  a minimum web t en s ion  (approximately 0 .5  piw) and then  
i n c r e a s i n g  t h e  web t e n s i o n  a t  a cons tan t  web speed of 600 f e e t  pe r  minute.  

Bonding 

Convent ional  S te in -Hal l  s t a r c h  co r ruga t i ng  adhes ive  was used t o  combine 
t h e  l i n e r b o a r d s  t o  t h e  cor ruga ted  medium. P i n  adhes ion  tests were 
conducted t o  e v a l u a t e  t h e  bond s t r e n g t h .  

Sco r ing  

Each of  t h e  combined boards  was sub j ec t ed  t o  th ree-po in t  r o l l e r  s c o r i n g  
(wheel c l e a r a n c e ,  0.031 i n . )  a f t e r  t h e  combined boards  were condi t ioned  
a t  80" F,  30 p c t  RH; 73O F ,  50 p c t  RH; o r  80" F, 90 p c t  RH. A f t e r  
s c o r i n g ,  each s c o r e l i n e  made perpendicu la r  t o  t h e  f l u t e s  was eva lua ted  



Table 1.--Pilot-scale semichemical pulping of t r o p i c a l  hardwood mixtures f o r  paper machine and corrugat ing r u m a b i l i t y  t r i a l s  

Wood Digest ion Chemicals c h a r g e d 1  Liquor- Cooking Tire  t o  Time a t  Spent l iquor  Kappa Estimated Paper 
mixture Nos. Na2S03 h2C03 NaDH Na2s to-wood temper- t e q e r -  temper- 

r a t i o  a t u r e  a tu re  a ture  Na2S03 NaOH Na2S pii yield21 machine run Nos. 
(Na20) (Na20) (Na20) (Na20) 

Colombian 2549 16.0 4.0 - -- 3.5 17 5 120 90 15.0 -- - 8.5 -- 
2550 

D O . . . .  2551 16.0 4.0 3.0 -- 3.5 175 12 0 70 13.1 -- -- 9.8 -- 
2552 

D O . .  .. 2553 18.0 4.5 -- -- 3.5 175 120 2 30 -- -- - 8.7 -- 
2554 

Do.. . . 2555 18.0 4.5 - - 3.5 175 120 230 10.3 -- -- 8.7 127 
Do.... 2573 18.0 -- - 5.0 3.5 170 120 30 17.9 -- 5.7 10.3 128 

2574 
PC&/ 2556- 18.0 4.5 - -- 3.5 175 120 230 10.3 -- -- 8.7 132 

2567 
PC&/ 2568 16.0 4.0 - -- 3.5 175 120 90 -- -- -- -- -- 

Colombian 4590- -- -- 12.0 4.0 4 
4595 

DO. .. . 4596 -- -- 9.0 3.0 4 
Do.. . . 4618 -- -- 5.0 5.0 4 

4 I 4619 
P G C  4605 -- -- 9.0 3.0 4 

4606 
PC&/ 4607 -- -- 10.5 3.5 4 

4608 

KRAFT 

168 80 5 - 6.8 7.7 -- 2 / 8 5  57 7168 
61130 65 7160 

165 60 5 -- 6.0 6.0 -- 142 6 7 7163 
170 90 10 -- 0 10.7 11.3 132 6 6 7182 

GREEN LIQUOR 

Colombian 4597 -- 106 - 21.0 4 165 60 5 -- -- 45.0 13.0 99 60 7164 
Do.. . . 4598 -- 106 - 21.0 4 165 60 5 -- -- 53.0 12.9 98 60 7165 
Do.. . . 314616 -- 20.0 2.5 7.5 3.5 170 60 180 -- 0 15.7 10.2 113 62 7181 

4617 
DO. .  . . 214621 -- 24.0 3.0 9.0 3.5 170 60 180 -- -- - -- 80 56 7185 

P G C ~ I  214609 -- 20.0 2.5 7.5 3.5 170 60 180 -- -- 15.0 10.0 96 60 7178 
4610 

SODA-CARBONATE 

31 Colombian - 2576 -- 16.0 10.0 -- 3.5 170 90 60 -- 13.3 -- 12.6 152 69 7184 

11 Moisture f r e e  wood bas i s .  - 
21 Based on s i m i l a r  small s c a l e  d i ~ e s t i o n s  and Kaopa number. - 
31 Chips were presteamed f o r  15 min a t  15 l b ~ i n . ~ g .  - 
41 Xixture  of Ph i l ipp ine .  Ghanaian, and Colombian hardwoods. - 
51 Screened pulp.  - 
61 Fiber ized screenings.  - 



by bending t h e  ma te r i a l  on one s i d e  of t he  s c o r e l i n e  back 90" and then 
forward 180" and measuring the  amount of v i s u a l  cracking. The s c o r e l i n e s  
made p a r a l l e l  t o  the  f l u t e s  were evaluated by bending forward 180" and 
backward 90" and then measuring t h e  amount of v i s u a l  cracking.  

Containers 

The combined board was r o l l e r  scored (wheel clearance,  0.052 i n . ) ,  s l o t t e d ,  
and formed i n t o  con ta ine r s  us ing  a s t ap led  manufacturer 's j o i n t .  The 
con ta ine r s  were 10-3/4 inches long, 8-1/16 inches wide, and e i t h e r  
3-114 o r  8 inches high.  The 8-inch conta iners  had shor t  f l a p s  due t o  the  
12-inch width l i m i t a t i o n  of t h e  paper machine. The con ta ine r s  were t e s t e d  
i n  top-to-bottom, s ide-to-side,  and end-to-end compression. The impact 
r e s i s t a n c e  of t he  conta iners  was determined using a conta iner  10-3/4 by 
8-1/16 by 3-114 inches f i l l e d  with a 12-pound metal  can load.  These 
con ta ine r s  were dropped from va r ious  he ights  on t h e  conta iner  edge 
d iagonal ly  oppos i te  t h e  manufacturer 's  j o i n t .  The impact r e s i s t a n c e  was 
determined a s  the  he ight  a t  which half  t h e  conta iners  would be expected 
t o  f a i l  and half  would not .  A conta iner  w a s  considered f a i l e d  i f  any of the  
load was s p i l l e d  or  i f  a ho r i zon ta l  s c o r e l i n e  was s p l i t  i t s  e n t i r e  length .  

RESULTS 

Pulp P rope r t i e s  

The handsheet p r o p e r t i e s  of t he  screened k r a f t  pulps a r e  given i n  
t a b l e  2. 

The screened pulp from the  high-yield Ph i l ipp ine  hardwood d iges t ions  
wi th  a Kappa number of 72.3 had about the  same bur s t ing  and t e n s i l e  
s t r eng ths  as the  f u l l y  cooked pulp (Kappa 26.1) but about 1 3  percent  
l e s s  t e a r i n g  r e s i s t ance .  

The screened pulp from t h e  high-yield Colombian hardwood d i g e s t i o n s  
with a Kappa number of 65.0 had about 30 percent  l e s s  bu r s t ing  s t r e n g t h  
and t e a r i n g  r e s i s t a n c e  than the  f u l l y  cooked pulp (Kappa 24.7) and about 
20 percent  l e s s  t e n s i l e  s t r eng th .  

Paperboard P rope r t i e s  

Linerboard 

The p rope r t i e s  of t he  l i ne rboa rds  a r e  given i n  t a b l e  3. The b u r s t ,  r i n g  
crush,  and t e n s i l e  s t r e n g t h  of the  nonstarch-sized l i ne rboa rds  were a l l  
lower than the  softwood c o n t r o l  t h a t  was made from a commercial southern 
pine k r a f t  pulp. The t e a r ,  f o l d ,  and modulus of e l a s t i c i t y  were higher  
than the  con t ro l .  Surface s i z i n g  with corns tarch  enhanced most of the  
p rope r t i e s .  With l inerboard  7144, corns tarch  s i z i n g  r e s u l t e d  i n  a b u r s t  
va lue  of 102, but  t he  weight of t h i s  l inerboard  was 45.0 pounds per 
1,000 square f e e t .  



T a b l e  2.--Handsheet p r o p e r t i e s  of sc reened  k r a f t  pu lp s  

Wood 
mix tu r e  

Kappa F r e e n e s s  Beat ing Burs t  Tear  Breaking Apparent 
number (Canadian tire f a c t o r  f a c t o r  l e n g t h  d e n s i t y  

S t anda rd )  .......................................................................... 

FROM FULLY COOKED DIGESTTONS 

P h i l i p p i n e  26.1 600 3 2 8 120 7.0 0 .58 
500 17 4 6 125 9.2 .65 
400 28 6 2 118 10.3  .67 
300 3 7 7 3 113 10.9 .69 

FROM HIGH-YIELD DIGEST IONS 

P h i l i p p i n e  72.3  6 00 21  38 108 7.1 .57 
500 3 3 5 2 107 8.6 .61  
400 4 4 6 3 1 0 3  9.6 .64 
3 00 5 5 68  98 10 .3  .66 

FROM FULLY COOKED DIGESTIONS 

Colombian 24.7 600 3 29 130 6.4 .52 
500 15  4 7 14  7 8.4 .56 
400 2 2 55 159 9.3  .59 
300 28 60 158 9.9 .61 

FROM HIGH-YIELD DIGESTIONS 

Colombian 85.0 600 11 23 106 5.4 .50 
500 26 3 1  109 6.6 .53 
400 3 4 38 112 7.5 .54 
300 42 44 112 8 . 3  .55 



Tab le  3 . - - P r o p e r t i e s  of l i n e r b o a r d  made from v a r i o u s  mix tu r e s  of t r o p i c a l  hardwood unbleached k r a f t  and softwood unbleached k r a f t  
- - - - - - - - - - - - 

€urnishi '  n s ch ine  -- -- - - Prope r t i e*  
run  No. 

T rop i ca l  Softwocd Disk (D) F reenes s  Surface  W e i ~ h t  Thick-  Dens i t y  B u r s t i n g  T e a r i n g  Folding Ring crush2 '   ens i o d 1  - 
hardwood unblesched o r  (Canadian mized 

ulnbleached k r a f t l /  c o n i c a l  (C) Standard)  wi th  lSoo0 re'is- endurance2/ HD CD M a x i m m  s t r e s s  Modulus af  S t r a i n  ' l ' l ~ i c k -  

k r a f t  r e f i n e r  ,Lsrch me te r s  squa re  t a n c e l l  
W CD MD CD 

e l a s t i c i t y  l o  4 1 
h e  t  

W CD HD 
fsi lure. n'L*- 

CD - 
no (:n 

PC t  - PCt - PC t  f i -  - C - Lb - Mil s  & 5 c Double Double !& Lblin .2  Lbl in . '  1,000 !,000 Per Ycl H11. 
fold. f o l d s  --  ~ b l l n . ~  ~ b l l n . ~  -- 

- - - . . - -. - - - - - - -. - - - - - - 
I1 All l inerbomrd furnishes were t r e a t e d  wi th  H2S04 to  a  pH of 7.0. 1 pe t  r o s i n  s i r e  added. and the  pH a d j u s t e d  t o  5  w i th  alum. 

21 Western softwoods r e f i n e d  t o  app rox ima te ly  670 m1 (Canadian S t anda rd  f r e e n e s s ) .  
31 HD - machine d i r e c t i o n ;  CD = c r o s s  d i r e c t i o n .  
ZI Thicknems measurements m d e  u s i n g  t he  procedure  d ~ s c r i h r d  by S e t t e r h ~ l m  (Tappi .  Vol. 57, No. 3 ,  March 1974) .  
5 /  100 p e t  aouthern  p ine  k r a f t .  
61 Linerboard f u r n i s h  nude from the  s c r e e n  a c c e p t s  of h i g h - y i e l d  cooks  from P h i l i p p i n e  (Kappa72.3 o r  Colombian (Kappa 85.0) hardwoods. 



Table 4.--Propert ies  of corrugat ing medium made from various 100 percent mixtures of t rop ica l  hardwood8 compared to  a U.S. hardwood mixture 

Machine Freenese 1/ Roper t  iee- C m o r a  
run No. (Canadian 

Standard) Weight Thick- Deneity Bursting Tearing Folding Water Ring crush Tens ion (m) 
Square 1,000 s t reng th  res  i s t -  endurance abeorbency 

ance KD CD Maximum s t r e e s  Modulus o f  S t r a i n  Thick- 
meters square KD CD 1 0 . 1 c m )  MD CD e l a s t i c i t y  t o  2 / 

f e e t  MD CD 
Wire F e l t  MD 

f a i l u r e  
CD - 

ni  - G - Lb Pts - -  - G G Double Double Set Set Lb Lb ~ b l i n . ~  ~ b l i n . ~  1,000 1.000 Pet PcE & 
fold8 folds --  ~ b / i n . ~  lb l in .  2 -- 
U.S. HARDWOODS 

ir; 
m PHILIPPINE HARDVOODS 

&/7136 240 127 26.0 8.5 .59 41 120 123 191 98 98 94 59.7 46.8 4.920 2,980 566 343 2.2 4.8 7.2 62.8 

2/7137 355 128 26.3 10.0 .50 46 78 93 43 29 16 18 78.6 57.7 5.300 2.710 583 269 1.9 3.5 8.6 81.0 

COLOMBIAN HARDWOODS 

1 /  A l l  t e s t s  according t o  TAPPI standard methods except ae indicated.  KD =machine direct ion;  CD = cross d i rec t ion .  - 
2/ Thicknese measurements made using the  procedure deecribed by Setterholm (Tappi, Vol. 57, No. 3, March 1974). 
21 Neutral s u l f i t e  eemichemical. 
4 /  Kraft  ecreeninge. 



Corrugating Medium 

The p r o p e r t i e s  of t h e  nominal 26-pound-per-1,000-square-foot cor ruga t ing  
mediums a r e  given i n  t a b l e  4.  The r e s u l t s  i n d i c a t e  t h a t  mediums made 
from 100 percent  NSSC t r o p i c a l  hardwood pulps can be s a t i s f a c t o r y  i n  terms 
of s t r e n g t h  p r o p e r t i e s ,  bu t  t hese  same mediums could not  be run  on t h e  
s i n g l e f a c e r  without  severe c racking  a t  20 f e e t  per minute and minimum 
tens ion .  Thus, they  could no t  be converted i n t o  corrugated f iberboard  
con ta ine r s .  

The medium made from t h e  screening r e j e c t s  from t h e  high-yield k r a f t  
cook of Ph i l i pp ine  hardwoods had lower c r o s s  machine r i n g  c rush  than 
t h e  c o n t r o l  (U.S. mixed hardwoods), 46.5 ve r sus  51.0, and comparable 
Concora (CMT) va lues ,  62.8 v e r s u s  64.5. This medium was succes s fu l ly  
run  on t h e  cor ruga tor  a t  600 f e e t  per minute and minimum tens ion  and on ly  
had s l i g h t  c racking  a t  1.8 pounds per l i n e a l  inch of web tens ion .  Thus 
t h i s  medium (7136) was combined with each l i ne rboa rd :  One made from t h e  
screen accep t s  from t h e  same high-yield pulp (7143) and t h e  o the r  a l s o  
made from t h i s  same pulp wi th  2.2 percent  co rns t a rch  app l i ed  t o  i t s  
su r f  a c e  (7 144) . 
The medium (7160) made from t h e  screening  r e j e c t s  from t h e  high-yield 
k r a f t  cook of Colombian hardwoods had lower CKC and r i n g  c rush  than 
t h e  U.S. iJSSCmedium (6929) and r an  without  f r a c t u r i n g  on t h e  cor ruga tor  
a t  400 f e e t  per minute a t  1 . 0  pound per l i n e a l  i nch  of web tens ion .  
This  medium was s i m i l a r l y  combined wi th  each l i ne rboa rd :  One made from 
t h e  screen  accep t s  from t h e  high-yield pulp (7161) and t h e  o the r  a l s o  
made from t h i s  same high-yield pulp su r f ace  s i zed  wi th  2.1 percent  
co rns t a rch  (7162). 

Because of t he  problems wi th  r u n n a b i l i t y  of t h e  mediums made from 
t y p i c a l  NSSC pulp,  a  series of d i f f e r e n t  cooking cond i t i ons  and pulp 
processes  were evaluated a s  previously mentioned and d e t a i l e d  i n  t a b l e  1. 

Most of t hese  experimental  cor ruga t ing  mediums had reasonable  proper- 
t i e s ,  but  only a  few could be  corrugated a t  a reasonable speed without 

f r a c t u r i n g .  Again those  made wi th  NSSC f r ac tu red  a t  l e s s  than  20 f e e t  
per  minute. This was noted wi th  both t h e  Colombian mixture and t h e  
mixture from t h e  t h r e e  c o u n t r i e s  (Phi l ipp ines ,  Ghana, and Colombia). 
Decreasing pulp y i e l d  from 74 t o  65 percent ,  r e f i n i n g  t h e  pulp more f o r  
b e t t e r  bonding, lowering t h e  headbox cons is tency  t o  g ive  a  b e t t e r  
formed medium, o r  adding 25 percent  hardwood k r a f t  pulp d i d  not  improve 
t h e  r u n n a b i l i t y .  However, t h e  NSSC mediums d id  run succes s fu l ly  e i t h e r  
when o l e i c  ac id  was added t o  t h e  pulp f u r n i s h  o r  when polyethylene was 
appl ied  t o  t h e  medium dur ing  cor rugat ing .  

For t h e  polyethylene a p p l i c a t i o n ,  two polyethylene b a r s  were mounted 
on t h e  co r ruga to r ,  such t h a t  each s i d e  of t h e  medium was i n  continuous 
c o n t a c t  w i th  one of them. A minute q u a n t i t y  of t h e  bar m a t e r i a l  was 
t r a n s f e r r e d  t o  t h e  medium, a l t e r i n g  t h e  f r i c t i o n a l  r e s i s t a n c e  between 
t h e  medium and t h e  co r ruga t ing  r o l l s .  



Table 5.--Physical p roper t i es  of the combined board made from hi&-yield t r o p i c a l  hardwood kraf&/ 

Machine 
N n  

2/ 
NO .- 

Starch Basis 
w i g h t  

3 / Burst- 

Value CV 

Pin a d h e s i o z '  

Single face Double back 
s  ide s i d e  

Value CV Value CV 

3/ F l a t  crush- 

Value CV 

31 Short column compression- 

80° F. 73O P, 80' F. 
30 pct 50 pct 90 pct  
RH RR RH 

Value CV Value CV Value CV 

Flexural  stiffness2/41 

P a r a l l e l  t o  Perpen- 
length d icu la r  t o  

Value cv lenXth 
Value CV 

Scorel ine crackin$/ 
(scores p a r a l l e l  

t o  f l u t e s )  

800 F, 73O P, 7s0 P, 
30 pct  50 pct 90 pct  
RH RH RH 

Lb/1,000 Per Pee Lb/in. Pet Lblin. ~ b / i n . ~  Pee Lblin. Pct Pet Lblin. Pct Lb/in. Pet PcC ect ect 
f t 2  - 

61 CONTROL- 

130.0 257 7.7 3.76 8.8 6.90 7.4 27.4 5.7 - -  -- 63.7 2.2 30.9 4.2 109.0 3.0 230 8.6 19.7 3.1 0 

PHILIPPINE 

11 A l l  condit ioning and t e s t i n g  done a t  73O F. 50 pc t  RH unless  otheruine noted. - 
2/ Pul l  descr ip t ion  of machine run numbers given i n  t ab les  3 and 4. - 
31 CV - c o e f f i c i e n t  of var ia t ion .  - 
41 4-point bending; f l u t e s  p a r a l l e l  and perpendicular t o  specimen length. - 
51 Score vheel clearance was 0.031 in. f o r  scoring t e s t s .  For scoring the boxca, the clearance vas 0.052 in. (There was no score l ine  cracking of the' boxes.) - 
61 Southern pine facings and U.S. hardwood medium. - 



The medium made wi th  t h e  screening  r e j e c t s  from t h e  mixed Colombian 
hardwood high-yield k r a f t  pulp was succes s fu l ly  corrugated as was t h e  
medium made wit11 t h e  screen accepts  from this same pulp. However, 
when a k r a f t  semichemical pulp from mixed Colombian hardwoods was cooked 
t o  t h e  same Kappa number as t h e  screening r e j e c t s ,  t h e  r e s u l t a n t  medium 
could not  be corrugated a t  20 f e e t  per  minute without f r a c t u r i n g .  Employing 
t h e  same p l p i n g  condi t ions  wi th  t h e  mixture from t h e  t h r e e  coun t r i e s ,  
t h e  medium ran  a t  l e s s  than 400 f e e t  per minute. Increas ing  t h e  s u l f i d i t y  
from 25 t o  50 percent  had no e f f e c t  on t h e  medium's a b i l i t y  t o  run  on t h e  
cor ruga tor .  The polyethylene ba r s  a l s o  improved t h e  r u n n a b i l i t y  of one 
of t h e  k r a f t  mediums which previous ly  d i d  not  run (7163). 

The mediums made wi th  t h e  green l i q u o r  pulps conta in ing  t h e  Colombian 
mixture d id  not  co r ruga te  when t h e  amount of a l k a l i  i n  pulping was 
comparable t o  t h a t  used comnlercially w i th  t h i s  type semichemical pulp. 
When t h e  e f f e c t i v e  a l k a l i  i n  t h e  green l i q u o r  cook was increased t o  t h e  
l e v e l  of t h a t  used i n  t h e  k r a f t  semichemical cooks, t h e  medium had 
improved r u n n a b i l i t y  c h a r a c t e r i s t i c s .  With t h e  wood mixture from t h e  
t h r e e  c o u n t r i e s  and t h e  lower a l k a l i  l e v e l  i n  t h e  green l i q u o r  cook, 
t h e  medium had good r u n n a b i l i t y  c h a r a c t e r i s t i c s  (7178) . 
The only soda carbonate  medium made could not  be corrugated a t  20 f e e t  
per  minute without f r a c t u r i n g .  

The phys ica l  p r o p e r t i e s  of t h e  mediums gave no i n d i c a t i o n  f o r  t h e  
d i f f e r e n c e s  i n  r u n n a b i l i t y  noted wi th  the  va r ious  experimental mediums. 
Thus, s e l ec t ed  mediums w i t h  both good and poor running c h a r a c t e r i s t i c s  
were analyzed microscopica l ly ,  chemically,  and f o r  su r f ace  f r i c t i o n a l  
r e s i s t a n c e .  Again no r e l a t i o n s h i p  was ind ica t ed .  Microscopic 
examinations included s u r f a c e  appearance a s  we l l  a s  formation d i f f e r ences  
a s  shown with t r anspa ren t  microscopy. Ash, s i l i c a ,  e x t r a c t i v e s ,  and 
elemental  determinat ions were made. Except f o r  ash ,  only smal l  q u a n t i t i e s  
of a given chemical component were present .  Two su r f ace  f r i c t i o n  t e s t s  
were t r i e d ,  wi th  n e i t h e r  i n d i c a t i n g  causes f o r  t h e  l a r g e  d i f f e r e n c e s  
noted i n  r u n n a b i l i t y  . 

Combined Board 

Resu l t s  of t h e  eva lua t ion  of t h e  combined boards a r e  given i n  t a b l e  5. 

None of t h e  m a t e r i a l  condi t ioned a t  30, 50, o r  90 percent  r e l a t i v e  humidity 
exhib i ted  s c o r e l i n e  cracking when scored and folded perpendicular  t o  t h e  
f l u t e s .  For t h e  sco res  made p a r a l l e l  t o  t h e  f l u t e s ,  t h e  experimental  
m a t e r i a l s  were more s u s c e p t i b l e  t o  cracking than t h e  softwood con t ro l ;  
however, increas ing  t h e  moisture content  o r  t h e  score  wheel c learance  
s i g n i f i c a n t l y  reduced t h e  cracking.  

The s t a r ch - t r ea t ed  m a t e r i a l  m d e  from t h e  P h i l i p p i n e  hardwoods cracked 
l e s s  than  t h e  unt rea ted  m a t e r i a l .  This  w a s  t h e  r e v e r s e  of what might 
be expected based on t h e  s t i f f n e s s  of t h e  two m a t e r i a l s ,  but  it was i n  
l i n e  wi th  t h e  machine d i r e c t i o n  s t r a i n - t o - f a i l u r e  values.  The s t a r ch - t r ea t ed  



21 Table  6 . - -Proper t ies  of c o n t a i n e r d l  made from high-yield t r o p i c a l  hardwood k ra f t -  

Machine S t a r c h  4 1 Top-to-bottom compression- Side- to-s ide  End-to-end compressio$l Impact 
run 8 i n .  h igh 3-114 i n .  h igh 4 1 compression- 

(3-114 i n .  h igh )  r e s i s -  
31 No .- 51 

Load CV Defor- CV Load CV Defor- CV 
(3-114 i n .  h igh )  Load CV Defor- CV tance- 

mat ion mat i o n  Load CV Defor- CV 
mat ion  

mat ion  

In.  Lb Pc t  In .  Pc t  Lb Pc t  In .  Pc t  Lb Pct I n .  Pc t  Lb Pct  In.  Pet - Pet - - - - - - - - - -  - - - - - -  
6 1 CONTROL- 

PHILIPPINE 

COLOMBIAN 

11 Conta ine r s  were 10-314 i n .  l ong  by 8-1/16 i n .  wide by he igh t  i n d i c a t e d .  R e s u l t s  a r e  t h e  average of 10 t e s t s  except  
a s  no ted .  

21 A l l  c o n d i t i o n i n g  and t e s t i n g  done a t  73" F, 50 p c t  r e l a t i v e  humidity.  - 
31 F u l l  d e s c r i p t i o n  of machine run numbers ~ i v e n  i n  t a b l e s  3 and 4. - 
41 C V  - c o e f f i c i e n t  of  v a r i a t i o n .  - 
51  Tested w i t h  s i n g l e  d rop  of con ta ine r  w i t h  12-lb can load. - 
6 1  Southern p i n e  f a c i n g s  and U.S. hardwood medium. - 
71 Average of 5 t e s t s .  - 



m a t e r i a l  made from t h e  Colombian hardwoods cracked more than  t h e  un t r ea t ed  
m a t e r i a l .  This  was i n  l i n e  wi th  what might be expected based on t h e  
s t i f f n e s s  of t h e  two m a t e r i a l s  bu t  not  t h e  machine d i r e c t i o n  s t r a i n - t o -  
f a i l u r e  va lues .  No cracking  was encountered i n  t h e  scor ing  of t h e  combined 
board when t h e  s co re  wheel c learance  was 0.052 inch  and t h e  atmospheric 
cond i t i ons  were 7 3 O  F, 50 pc t  RH. 

A s  expected,  from t h e  p r o p e r t i e s  of t h e  l i ne rboa rd  made from t h e  P h i l i p p i n e  
hardwoods, t h e  b u r s t  of t h e  combined board was below 200 f o r  t h e  m a t e r i a l  
made wi th  high-yield pulp and not  su r f ace  s i zed .  However, t h e  combined 
board w i th  t h e  s t a r c h  surface-s ized f a c i n g s  exceeded t h e  minimum b u r s t  
requirement .  The f l a t - c r u s h  va lues  were comparable t o  t h e  U.S. hardwood 
NSSC c o n t r o l  m a t e r i a l .  The increased edgewise compressive s t r e n g t h ,  
a s  measured by t h e  s h o r t  column tests of t h e  s t a r ch - t r ea t ed  m a t e r i a l ,  
was expected,  and t h e  e f f e c t  of  moisture  conten t  on edgewise compressive 
s t r e n g t h  was a l s o  i n  l i n e  w i th  previous work. 

A s  expected from t h e  p r o p e r t i e s  of t h e  l i ne rboa rd  made from t h e  Colombian 
hardwoods, t h e  b u r s t  of t h e  combined board was we l l  below 200 f o r  t h e  
m a t e r i a l  made wi th  high-yield pulp and not  s u r f a c e  s i zed .  Nor d id  
t h e  combined board w i th  t h e  s t a r c h  surface-s ized f ac ings  meet t h e  
minimum b u r s t  requirement .  The f l a t - c rush  va lues  and t h e  edgewise 
compressive s t r e n g t h  were low. The e f f e c t  of moisture  conten t  on 
edgewise compressive s t r e n g t h  was i n  l i n e  wi th  previous work. 

Containers  

The compressive and impact p r o p e r t i e s  of t h e  c o n t a i n e r s  a r e  given i n  t a b l e  6 .  

The compressive s t r e n g t h  of t h e  con ta ine r s  made from t h e  s t a r ch - t r ea t ed  
P h i l i p p i n e  hardwood m a t e r i a l  was comparable t o  t h e  softwood c o n t r o l ;  
however, t h e  corrugated f iberboard  made wi th  un t rea ted  l i n e r b o a r d s  was 
lower i n  compressive s t r e n g t h .  Both t h e  t r e a t e d  and un t r ea t ed  c o n t a i n e r s  
were b e t t e r . i n  impact r e s i s t a n c e  than t h e  c o n t r o l .  

The compressive s t r e n g t h  of t he  con ta ine r s  made from both  t h e  s t a r ch -  
t r e a t e d  and un t r ea t ed  Colombian hardwood m a t e r i a l  was equa l  o r  lower than 
t h e  c o n t r o l .  Only t h e  s t a r ch - t r ea t ed  con ta ine r s  were b e t t e r  i n  impact 
r e s i s t a n c e  than t h e  c o n t r o l .  

CONCLUSIONS 

1. Corrugat ing mediums w i t h  good q u a l i t y ,  a s  measured by t h e  u s u a l  
paperboard tests made on t h i s  product,  can be  made from mixed t r o p i c a l  
hardwood semichemical pulps  us ing  t h e  n e u t r a l  s u l f i t e ,  k r a f t ,  green 
l i q u o r ,  o r  soda-carbonate pulping processes;  bu t  a  severe  problem 
e x i s t s  i n  running these  mediums through t h e  corrugator--one t h a t  can 
apparen t ly  be overcome by t h e  add i t i on  of a  l u b r i c a n t .  

2 .  Corrugat ing medium made from high-yield k r a f t  s c r een ings  can be  
succes s fu l ly  f l u t e d  and combined wi th  l i ne rboa rd  made from a  mixture  
of 50 percent  screened t r o p i c a l  hardwood high-yield k r a f t  pulp and 
50 percent  western softwood unbleached k r a f t  pulp.  



3 .  Corrugated fiberboard containers can be made from nominal 
42-pound, starch surface-sized linerboard consist ing of 50 percent 
screened tropical hardwood high-yield kraft pulp and 50 percent western 
kraft softwood pulp, and 26-pound corrugating medium made from 
100 percent tropical  hardwood high-yield kraft  screenings. 
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HARDBOARDS FROM MIXED TROPICAL HARDWOODS 

Gary C.  Myers 

SUMMARY 

Hardwood mixtures  from Colombia, Ghana, and t h e  Ph i l ipp ines  were found 
s u i t a b l e  f o r  t he  manufacture of hardboard. Low energy was requi red  t o  
f i b e r i z e  t h e  ch ips  i n t o  hardboard f i b e r .  High-density hardboards made 
from these  t r o p i c a l  wood mixtures  by both t h e  dry- and wet-formed 
processes met the  Voluntary Product Standard f o r  s tandard hardboard, 
except f o r  some dry-formed hardboards with 2 percent  r e s i n .  

Dry-formed, medium-density hardboard made with urea r e s i n  had s t r e n g t h  
p r o p e r t i e s  adequate f o r  f u r n i t u r e  core s tock .  Medium-density hardboard 
made wi th  phenol-resorcinol  r e s i n  had s t r e n g t h  and acce le ra t ed  aging  
p r o p e r t i e s  s u i t a b l e  f o r  e x t e r i o r  s id ing .  A l l  hardboards had e x c e l l e n t  
su r face  c h a r a c t e r i s t i c s ,  which a r e  d e s i r a b l e  f o r  f i n i s h i n g .  

The f e a s i b i l i t y  of s t o r i n g  mixed t r o p i c a l  hardwood ch ips  f o r  long 
per iods ,  with minimal impact on q u a l i t y  of hardboards made from t h e  
ch ips ,  was a l s o  e s t ab l i shed .  

INTRODUCTION 

In  an e f f o r t  t o  expand the  resource base  f o r  f i b e r  used i n  hardboard 
and t o  e s t a b l i s h  new l o c a l  i n d u s t r i e s  i n  developing coun t r i e s ,  a study 
was made t o  determine the  s u i t a b i l i t y  of using mixed t r o p i c a l  hardwoods. 
Fiber  f o r  hardboard was obtained from Colombia, Ghana, and the  Ph i l ipp ine  
I s l ands .  This  study was p a r t  of a l a r g e  program on t h e  u t i l i z a t i o n  of 
t r o p i c a l  hardwoods t h a t  was sponsored by t h e  Agency f o r  I n t e r n a t i o n a l  
Development. 

EXPERIMENTAL 

Wood Mixtures 

Seventeen spec ie s  of Colombian hardwoods, 22 spec ie s  of Ghanaian hardwoods, 
and 50 spec ie s  of Ph i l ipp ine  hardwoods (described by Laundrie (2) i n  h i s  
t a b l e s  1-3) were used t o  make t h e  pulps f o r  hardboard. The chips  were 
made from bark-free wood i n  a commercial s i z e ,  four-knife  chipper .  The 
nominal length  of t he  ch ips  was 518 inch,  and the  f i n e s  and ove r s i ze  
ma te r i a l  were removed p r i o r  t o  blending of i nd iv idua l  spec ie s  t o  o b t a i n  
the  mixtures(described by Laundrie (2) ,  t a b l e  4) .  The weighted average 
s p e c i f i c  g rav i ty  of t he  Colombian mixture was 0.667, and t h a t  of t h e  
Ghanaian mixture was 0.470. Weighted average s p e c i f i c  g r a v i t i e s  of t he  
th ree  Ph i l ipp ine  mixtures were 0.505 f o r  mixture A ,  0.643 f o r  B,  and 
0.538 f o r  C .  

PREVIOUS PAGE BLANK 



Chip Storage 

Chips from Ph i l i pp ine  mixture C w e r e  s t o r e d  f o r  9 months i n  an i n s u l a t e d  
box cons t ruc ted  of 8-112-inch-thick wa l l s  of po lys tyrene  foam, w i t h  an 
i n t e r i o r  volume of 3.9 cubic f e e t  ( ins ide  dimensions 22-112 by 13-112 by 
22 i n . ) .  The box was f i t t e d  w i t h  a i r  i n l e t  and o u t l e t  manifolds  and was 
fed  wi th  water-saturated a i r  a t  ambient temperature a t  a measured r a t e .  

Pulp Prepara t ion  

Chips were converted i n t o  hardboard q u a l i t y  pulp us ing  (1) a small 
batch-type Asplund Def ib ra to r  a t  F P L , ~  (2) a Bauer 418 p re s su r i zed  
r e f i n e r  i n  t h e  p i l o t  p l a n t  of C. E.  Bauer, S p r i n g f i e l d ,  0hio,L/  and 
(3) a small batch-type p re s su r i zed  r e f i n e r  a t  FPL. 

Asplund pulps wi th  y i e l d s  of 88  t o  90 percent  were made from each of t h e  
t h r e e  P h i l i p p i n e  ch ip  mixtures .  The ch ips  w e r e  given an i n i t i a l  3-minute 
steaming a t  175 pounds per  square inch ,  followed by a 3.5- t o  4-minute 
f i b e r i z i n g  i n  t he  m i l l  a t  125 pounds per square inch. I n  a d d i t i o n ,  
80 t o  82 percent  y i e l d  pulp was a l s o  made from (1) P h i l i p p i n e  mixture B, 
(2) o v e r s i z e  and unders ize  screenings  from Ph i l i pp ine  mixture B, and 
(3)  50-50 blend of s c reen ings  and ch ips  from P h i l i p p i n e  mixture B. 
These pulps were prepared a t  13.5 t o  14 minutes of steaming a t  175 pounds 
per  square inch  followed by 2 minutes of f i b e r i z i n g  a t  125 pounds per  
square  inch. 

Bauer-refined pulp was made from t h e  Colombian mixture,  Ghanaian mixture,  
and P h i l i p p i n e  mixtures  A and B. A l l  ch ip  mixtures  w e r e  subjec ted  t o  
3.5 minutes of steaming a t  85 pounds per square  inch.  The amount of 
energy used i n  producing t h e  pulps  was 6.1 horsepower-days per  a i r -d ry  
ton f o r  t h e  Colombian mixture,  5.7 horsepower-days per a i r -d ry  ton  f o r  
t h e  Ghanaian mixture,  and 2.1 t o  2.9 horsepower-days per  a i r -d ry  ton  f o r  
t h e  P h i l i p p i n e  mixtures.  

The small batch-type pressur ized  r e f i n e r  a t  FPL was used t o  convert  
Ph i l i pp ine  mixture C ch ips ,  before and a f t e r  9 months' s t o rage ,  i n t o  
hardboard-qual i ty  pulp. The ch ips  were given an i n i t i a l  20-minute 
steaming a t  85 pounds per  square  inch i n  t h e  d i g e s t e r  tube before  
e n t e r i n g  the  r e f i n e r .  The l abo ra to ry  pressur ized  r e f i n e r  was not  
equipped f o r  power de te rmina t ions .  

Boar d m k i n g  

Dry-formed, 118-inch, high-densi ty  hardboards were made a t  FPL. The 
pulps were f i r s t  a i r  d r i ed  and then sprayed wi th  e i t h e r  2 o r  4 percent  
r e s i n  by weight,  based on t h e  pulp,  whi le  tumbling i n  a r o t a t i n g  drum. 
The r e s i n  was a phenol-formaldehyde type commonly used f o r  dry-formed 
hardboard. Mats 14 by 14 inches  were formed on a "banjo-type" former,  
cold pressed ,  and then  ho t  pressed between p l a t e n s  a t  a temperature of 
375' F f o r  6 minutes.  

11 Mention o f , t r a d e  names i s  s o l e l y  t o  i d e n t i f y  m a t e r i a l  and equip- 
ment used and does n o t  imply endorsement by the  U.S. Department of 
Agr icu l ture .  



Wet-formed, 118-inch, high-density hardboards were a l s o  made a t  FPL. 
The pulp i n  a water s l u r r y  was t r e a t e d  wi th  1 percent  phenol-formaldehyde 
r e s i n  of a type commonly used f o r  wet-formed hardboards and 0.75 percent  
wax s i z e .  Eight-inch-diameter mats were formed i n  the  Asplund Drainage 
Tes t e r ,  cold pressed,  and then hot  pressed a t  a p l a t en  temperature of 
375' F f o r  6 minutes. 

Dry-formed, medium-density hardboards, approximately 32 by 34 inches,  
were made i n  t h e  p i l o t  p l an t  of Miller-Hofft ,  Richmond, Va. The f i b e r ,  
a f t e r  f l a s h  dry ing ,  was t r e a t e d  with 1 percent  wax s i z e  and 8 percent  
urea-melamine r e s i n  o r  phenol-resorcinol r e s i n .  The mats were pressed 
i n  a high-frequency press  and the  boards shipped t o  FPL f o r  evaluat ion.  

A l l  of t he  high-density hardboards and t h e  medium-density hardboards 
made wi th  phenol-resorcinol r e s i n  were given a f u r t h e r  hea t  t reatment  
by exposing them f o r  1 hour in a c i r c u l a t i n g - a i r  oven a t  320' F. 

Test Methods 

Evaluat ions were made on t e s t  specimens preconditioned 30 days a t  
50 percent  r e l a t i v e  humidity and 73" F using t e s t  procedures genera l ly  
spec i f i ed  i n  ASTM Standard D 1037-72a (1). The only exception was t h a t  
dimensional movement was determined on 1/2- by 6-inch specimens pre- 
conditioned f o r  30 days a t  50 percent r e l a t i v e  humidity, followed by 
exposure t o  the  following condit ions:  (1) 90 percent  r e l a t i v e  humidity 
and 80" F f o r  30 days, (2) i m e r s i o n  i n  water f o r  30 days, and (3) dry ing  
i n  an oven a t  220' F f o r  72 hours. Length, th ickness ,  and weight 
changes were determined before  and a f t e r  exposure t o  each condit ion.  

Chip weight l o s s  a f t e r  aging was ca l cu la t ed  from t h e  ovendry weight 
of t h e  ch ips  before and a f t e r  aging. 

RESULTS 

H i g h - D e n s i t y  Hardboards 

Dry-Formed 

With one exception,  dry-formed hardboards made from t h e  Colombian, 
Ghanaian, and Ph i l ipp ine  mixtures met t h e  requirements of Voluntary 
Product Standard PS 58-73 (4) f o r  those p rope r t i e s  evaluated ( t ab le  1 ) .  
The exception was f o r  hardbzards made from t h e  Colombian mixture using 
2 percent phenolic  r e s i n ,  where a l l  s t r e n g t h  p r o p e r t i e s  were below t h e  
s tandard.  However, these  boards did have exce l l en t  l i n e a r  s t a b i l i t y .  

With t h e  Ghanaian mixture and 2 percent phenolic  r e s i n ,  t he  dry-formed 
hardboards j u s t  met t h e  minimum requirements f o r  modulus of rup tu re  
and t e n s i l e  s t r eng th ,  wi th  t h e  i n t e r n a l  bond s t r e n g t h  we l l  above t h e  
minimum. Linear  s t a b i l i t y  l i kewise  was good. Ph i l ipp ine  mixtures A and 
By wi th  2 percent  phenolic  r e s i n ,  had s t r e n g t h  p r o p e r t i e s  much higher  than 
requi red .  



11 Table 1.--Properties- of 118-inch-thick, high-densi ty  hardboards 

Source Chip Resin S t a t i c  bendin& I n t e r n a l  Tens i l e  Dimensional movement from 2 / 
mixture content  

Modulus Modulus 
bond s t r e n g t h  50 p c t  RH to-- 

o f o f 90 p c t  RH Water soak s t r e n g t h  

rup tu re  e l a s t i c i t y  
Length Thickness Length Thickness 

Colombia 
Do.. .. 

Ghana 
tG 
4 

Do.. .. 
03 P h i l i p p i n e  A 

Do... . A 
Do.... B 
Do.. . . B 

Colombia 
Ghana 
P h i l i p p i n e  A 

Do.. .. B 

Voluntary 
Product 
Standard 
PS 58-73 

L L L 
Pc t  Lb/in. 1,000 l b /  ~ b / i n .  Lbl in.  Pc t  - ,-. 

L 
i n .  

DRY FORMED 

WET FORMED 

Pc t  - Pct  P c t  

11 S t r eng th  p r o p e r t i e s  determined according t o  ASTM Standard D 1037-72a. - 
21 Values ad jus t ed  t o  d e n s i t y  of 60 l b / f t 3 .  - 



With a l l  t h e  t r o p i c a l  wood mixtures ,  i nc reas ing  t h e  phenolic  r e s i n  
content  t o  4 percent  y ie lded  s t r e n g t h  p r o p e r t i e s  much h igher  than 
requi red .  Linear  movement between 50 and 90 percent  r e l a t i v e  humidity 
was minimal, and th ickness  movement was s l i g h t .  

Based on these  r e s u l t s ,  t o  make dry-formed hardboards which meet t h e  
requirements of U.S. Voluntary Product Standard PS 58-73 f o r  b a s i c  
hardboard, 2  percent  o r  l e s s  r e s i n  would be  needed when us ing  t h e  
Ghanaian o r  Ph i l i pp ine  mixtures ,  and about 3  percent  r e s i n  when us ing  
t h e  Colombian mixture.  

Wet-Formed 

Good-quality wet-formed boards were made wi th  1 percent  r e s i n  add i t i on  
( t a b l e  1 ) .  Boards made from a l l  t he  t r o p i c a l  wood mixtures  exceeded 
t h e  requirements of t he  Product Standard f o r  those  p r o p e r t i e s  evaluated.  
Linear  and th ickness  movements were very good f o r  a l l  s e t s  of boards.  
Obviously, something l e s s  than 1 percent  r e s i n  would be requi red  wi th  
these  mixtures  t o  produce s a t i s f a c t o r y  wet-formed hardboards.  

Medium-Densitv Hardboards 

Medium-density hardboards of good q u a l i t y  were made from Colombian, 
Ghanaian, and Ph i l i pp ine  mixtures  ( t a b l e  2 ) .  The 314-inch-thick boards 
bonded wi th  urea-melamine r e s i n  had good su r f ace  and edge c h a r a c t e r i s t i c s  
and good l i n e a r  s t ab i l i t y - -des i r ab l e  p r o p e r t i e s  f o r  f u r n i t u r e .  While 
they d id  not  possess  a s  h igh  s t r e n g t h  and s t i f f n e s s  a s  commercial 
boards (3) now used by t h e  f u r n i t u r e  i ndus t ry  i n  t h e  United S t a t e s ,  t hese  

a r e  of secondary importance f o r  many f u r n i t u r e  app l i ca t ions .  
I f  more s t r e n g t h  i s  needed, t h i s  can undoubtedly be  achieved by increasing 
i n  board dens i ty  o r  by adding more r e s i n  b inder .  

These experimental boards had much b e t t e r  l i n e a r  s t a b i l i t y  than t h e  
commercial boards.  A p o r t i o n  of t he  l i n e a r  movement d i f f e r e n c e s  could 
be a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  humidity exposures.  Thickness 
swel l ing  w a s  a l s o  very  good f o r  a l l  ch ip  mixtures.  Both l i n e a r  and 
th ickness  s t a b i l i t i e s  a r e  very important p r o p e r t i e s  f o r  f u r n i t u r e  use. 

I n  an  at tempt  t o  provide b e t t e r  d u r a b i l i t y ,  melamine r e s i n  was added t o  
t h e  urea  adhesive system a t  l e v e l s  of 6 ,  15 ,  and 35 percent .  The 
r e s u l t s  of s t r e n g t h  t e s t s  be fo re  and a f t e r  water soaking showed t h a t  
t hese  melamine l e v e l s  had only a  n e g l i g i b l e  e f f e c t  on dry o r  wet board 
p r o p e r t i e s  and p r o p e r t i e s  a f t e r  aging. 

The 7116-inch boards wi th  a  dens i ty  of 48 pounds per  cubic  foo t  and 
bonded wi th  a  phenol-resorcinol  adhesive were inves t iga t ed  a s  a  p o t e n t i a l  
product f o r  e x t e r i o r  s i d i n g .  With one except ion,  t h e  boards r e t a ined  
50 percent  o r  more of t h e i r  i n i t i a l  s t r e n g t h  a f t e r  water soaking and 
acce l e ra t ed  aging.  The except ion was i n t e r n a l  bond s t r e n g t h ,  wi th  only 
a  25 percent  s t r e n g t h  r e t e n t i o n  a f t e r  acce l e ra t ed  aging. Boards made 
from a l l  ch ip  mixtures  were nea r ly  equal  i n  s t r e n g t h  p r o p e r t i e s ,  w i th  
very  l i t t l e  dimensional movement. Boards made from a l l  ch ip  mixtures  



11 Table 2.--Properties- of dry-formed, medium-density hardboards 

Source Chip Condit ion S t a t i c  bendin I n t e r n a l  Tens i l e  Dimensional movement from 
mixture a t  t e s t  

Modulus Modulus bond s t r e n g t h  50 pc t  RH to-- - 

0 f s t r e n g t h  
o f 90 p c t  RH Water soak 

rup tu re  e l a s t i c i t y  Length Thickness Length Thickness 

~ b / i n . ~  1,000 l b /  ~ b / i n . ~  Lbl in .  pCr Pc t  P c t  Pc t  - 
i n .  

2 

3 31 314 I N .  THICK, 42-LB/FT DENSITY- 

Colombia Dry 3,340 380 140 2,560 0.15 6.7 0.21 30.8 
Do. .. . Wet 2,140 200 -- -- -- -- -- -- 

Ghana Dry 3,870 420 130 2,770 .15 6.7 . 21  27.9 
h, 
co Do.... Wet 2,230 200 -- -- - - -- -- -- 
O P h i l i p p i n e  A Dry 3,910 408 120 2,650 .20 7.3 .30 25.0 

Do.. .. B ... do .... 3,580 420 100 2,300 .16 7.5 . 31  26.0 

41 7/16 I N .  THICK, ~ ~ - L B / F T ~  DENSITY- 

Colombia 
Do. .. . 
Do.... 

Ghana 
Do.. . . 
Do.. .. 

P h i l i p p i n e  
Do.. . . 
Do.. . . 
Do.. .. 
Do.. . . 
Do.. .. 

. . .do.. . . 
Wet 
Aged 
Dry 
Wet 
Aged 

A Dry 
W e t  
Aged 

B Dry 
Wet 
Aged 

11 S t reng th  p r o p e r t i e s  determined according t o  ASTM Standard D 1037-72a. - 
21 Values ad jus t ed  t o  e i t h e r  42- o r  48- lb / f t3  d e n s i t y  (except f o r  aged specimens). - 
31 Boards con ta in  8 p c t  u rea  r e s i n ,  which was f o r t i f i e d  w i t h  6 pc t  melamine. - 
4/ Boards con ta in  8 p c t  phenol-resorcinol  r e s i n .  - 



should be s u i t a b l e  f o r  s id ing ,  because of t h e i r  good s t r e n g t h  r e t e n t i o n  
a f t e r  water soaking and acce le ra t ed  aging and minimal dimensional movement. 

Pulp Preparat ion 

The amount of power used t o  prepare pulps from t h e  Colombian and Ghanaian 
mixtures  was comparable t o  t h a t  required t o  pulp domestic hardwoods, but  
g r e a t e r  than t h e  power requi red  f o r  t h e  Phi l ippine  hardwood mixtures.  
These d i f f e r e n c e s  may be due t o  d i f f e rences  i n  p l a t e  gap s e t t i n g s .  A 
c l o s e r  s e t t i n g  w a s  used f o r  t he  Colombian and Ghanaian mixtures  than 
f o r  t h e  Ph i l ipp ine  mixtures.  

Pulp Yield 

There w a s  some apprehension t h a t  the  higher  s p e c i f i c  g rav i ty  spec ies  i n  
the  Ph i l ipp ine  mixtures  would reduce hardboard s t r eng ths .  One means of 
obta in ing  higher  s t r eng ths  might be t o  lower the  pulp y i e ld .  But 
reducing t h e  pulp y i e ld  from about 90 t o  80 percent  gave no c l e a r  
advantage. The boards made with t h e  lower y i e ld  pulp exhib i ted  no t  only  
more l i n e a r  movement, but  they were not  as strong.  On t h e  p o s i t i v e  s ide ,  
th ickness  swel l ing  might have been improved. 

U t i l i z a t i o n  of  chi^ Screenines 

Hardboard was a l s o  considered a  poss ib le  o u t l e t  f o r  t h e  screenings  
from t h e  chipping operat ion.  Hardboard made from 100 percent  screenings 
(mixture of both overs ize  and undersize ma te r i a l )  was somewhat lower i n  
bending and t e n s i l e  s t r e n g t h s  than hardboard produced from t h e  screened 
chip mixture (Phi l ippine  B). Blending screening r e j e c t s  wi th  an  equal  
amount of ch ips ,  by weight,  from t h e  same spec ies  mixture improved 
s t r eng th ,  but  not  enough t o  meet the  requirements f o r  s tandard hardboard 
spec i f i ed  i n  the  Product Standard. With a  g r e a t e r  percentage of r egu la r  
ch ips  o r  a 90-percent-yield pulp in s t ead  of 80 percent ,  i t  may be 
poss ib l e  t o  produce acceptable  boards wi th  screenings.  

Long-Term Chip Storage and Hardboards Made from Stored Chips 

Wood chips  d e t e r i o r a t e  t o  d i f f e r e n t  degrees under long-term s to rage  
condi t ions .  A sample of Ph i l ipp ine  mixture C ,  a long wi th  a  t e 4 r a t e  
hardwood (aspen) c o n t r o l ,  were pulped and made i n t o  118-inch high-density 
hardboard a f t e r  9  months' s torage.  

Bio logica l  a c t i v i t y  w a s  apparent ly  l e s s  i n  t h e  t r o p i c a l  hardwood mixture 
than i n  t h e  aspen. During s to rage  t h e  t r o p i c a l  hardwood mixture reached 
a maximum temperature of 92" F and had a  9.4 percent  weight l o s s .  I n  
c o n t r a s t ,  t he  aspen chips  reached a maximum temperature of 113" F and 
had a  22.4 percent  weight l o s s .  The t r o p i c a l  hardwood chip  mixture was 
not  as f r e s h  and green i n i t i a l l y  a s  t h e  aspen chips ,  which might have 
inf luenced b i o l o g i c a l  a c t i v i t y .  



Table 3.--Properties of 1/8-inch-thick, high-density, dry-formed hardboards 

Chip mixture S t a t i c  bending I n t e r n a l  Tens i le  Dimensional movement from 

Densi ty Modulus Modulus of bond s t r e n g t h  50 pc t  RH to-- 

0 f 
maximum maximum 

e l a s t i c i t y  90 pc t  RH 30-day water soak 
s t r e s s  s t r e s s  rupture  

Length Thickness Length Thickness 

Pct  - Pet - 

Fresh Phi l ippine  "C" 61.1 7,390 7 30 510 5,470 0.10 7.86 0.09 22.60 

Aged Phi l ippine  "C" 65.5 8,650 860 530 4,910 .15 .7.30 .19 18.60 

Fresh aspen 64.4 7,620 7 15 380 5,380 .26 5.52 .35 16.38 
N 
03 
N Aged aspen 64.3 6,170 675 21 0 3,330 .38 3.64 .58 9.61 



Hardboards from t h e  aged t r o p i c a l  hardwood ch ip  mixture were s t ronge r  i n  
s t a t i c  bending and i n t e r n a l  bond, bu t  lower i n  t e n s i l e  s t r e n g t h ,  than 
boards made from f r e s h  t r o p i c a l  hardwood c h i p s  ( t a b l e  3 ) .  Hardboards 
made from t h e  aged ch ips  had g r e a t e r  l i n e a r  movement, bu t  less th i cknes s  
swel l ing  w i th  changes i n  moisture .  I n  comparison, high-densi ty  hardboards 
made from aged aspen ch ips  were gene ra l l y  weaker and moved more i n  t h e  
l i n e a r  d i r e c t i o n  than hardboards made from f r e s h  aspen c h i p s  ( t a b l e  3 ) .  

CONCLUSIONS 

(1) The Colombian, Ghanaian, and Ph i l i pp ine  hardwood mixtures  can be  
e a s i l y  converted i n t o  good-quality,  p ressur ized  r e f i n e d  pulp ,  consuming 
less energy than r equ i r ed  f o r  most U.S. spec i e s .  

(2) The t r o p i c a l  hardwood mixtures  eva lua ted  can be used wi th  minimal 
e f f e c t  on hardboard q u a l i t y .  

(3) Good-quality, high-densi ty  hardboards can be  made by e i t h e r  t h e  
dry- o r  wet-forming process .  

(4) Medium-density hardboards from the  mixed t r o p i c a l  woods, when 
bonded wi th  convent ional  u r e a  r e s i n  b inde r s ,  a r e  s u i t a b l e  f o r  f u r n i t u r e ;  
when bonded wi th  phenol-resorcinol ,  they a r e  s u f f i c i e n t l y  durab le  f o r  
e x t e r i o r  a p p l i c a t i o n .  
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ABSTRACT 

Laboratory p a r t i c l e b o a r d s  were manufactured a t  panel  d e n s i t i e s  of 42 and 
48 pcf (673 and 769 kg/m3] from fu rn i shes  of t h r e e  hammermilled 
Ph i l i pp ine  hardwood chip  mixtures  a t  u rea  formaldehyde r e s i n  l e v e l s  of 
5% and 8%. The t h r e e  mixtures ,  A,  B,  and C ,  contained d i f f e r e n t  propor- 
t i o n s  of 50 Ph i l i pp ine  s p e c i e s ,  and t h e  average s p e c i f i c  g r a v i t i e s  of 
t h e  mixtures  were 0.50, 0.70, and 0.52 r e spec t ive ly .  Boards a l s o  were 
manufactured from a p laner  shavings mixture wi th  a spec i e s  composition 
i d e n t i c a l  t o  ch ip  mixture C and from f u r n i s h e s  from steamed and unsteamed 
r i n g  f laked  ch ips  of mixture A .  

A l l  s t r e n g t h  p r o p e r t i e s  increased  with an  inc rease  i n  e i t h e r  r e s i n  
content  o r  board dens i ty .  L inear  expansion (LE) and th ickness  swel l ing  
(TS) were reduced by an i n c r e a s e  i n  r e s i n  content  bu t  were not  s i g n i -  
f i c a n t l y  a f f e c t e d  by d e n s i t y .  There were no d i f f e r e n c e s  between boards 
from r i n g  f laked  steamed and unsteamed chips ,  and these  two boards were 
supe r io r  i n  MOR, MOE, and LE b u t  not  i n  I B  and TS t o  t h e  boards from 
f u r n i s h e s  of hammermilled ch ips  and p laner  shavings. Boards from 
hammermilled ch ips  of mixture B were o v e r a l l  of s l i g h t l y  lower q u a l i t y  
than boards from t h e  o t h e r  two hammermilled ch ip  mixtures .  The p r o p e r t i e s  
of t h e  p laner  shavings boards  were in te rmedia te  t o  t hose  from f u r n i s h e s  
of hammermilled ch ips  and r i n g  f laked  ch ips ,  except f o r  TS where t h e  
p laner  shavings boards were super ior .  

The s t r e n g t h  p r o p e r t i e s  of a l l  t he  u rea  bonded boards a t  45 pcf 
(721 g/m3) compared favorably  with Commercial Standard CS 236-66 type 
1B2 board, bu t  t h e  maximum al lowable LE was, wi th  one except ion,  met 
on ly  by t h e  boards from r i n g  f laked  fu rn i shes .  Ex te r io r  type boards 
made wi th  phenol formaldehyde r e s i n  from a f u r n i s h  of mixture A hammer- 
mil led ch ips  met t h e  minimum property requirements of Commercial Standard 
type 2B2 boards a t  8% r e s i n  l e v e l  bu t  d id  not  meet MOR and MOE minimums 
a t  t h e  5% r e s i n  l e v e l .  Loss of MOR a f t e r  acce l e ra t ed  aging was 50% o r  l e s s  
f o r  bo th  r e s i n  con ten t s .  

Copies of t h e  r epo r t  desc r ib ing  p a r t i c l e  prepara- 
t i o n ,  t e s t i n g ,  r e s u l t s ,  s t a t i s t i c a l  ana lyses ,  e t c .  
i n  g r e a t e r  d e t a i l  a r e  a v a i l a b l e  from t h e  au thors .  
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INTRODUCTION 

'l'l~ree b a r k  f r e e  c h i p  mixtures--A, B, and C--each comprised of d i f f e r e n t  
p r o p o r t i o n s  of 50 P h i l i p p i n e  hardwood s p e c i e s  and r e p r e s e n t i n g  t h r e e  
p o t e n t i a l  n a t u r a l l y  o c c u r r i n g  d e n s i t y  d i s t r i b u t i o n s  were hammermilled 
t o  produce f u r n i s h e s  f o r  t h e  manufacture  of  l a b o r a t o r y  p a r t i c l e b o a r d s .  
'I'he c h i p s  were nominal  518 i n c h  (16 mrn) i n  l e n g t h  and were produced i n  
an i n d u s t r i a l - s i z e  c h i p p e r .  P a r t i c l e b o a r d s  a l s o  were manufactured from 
n f u r n i s l l  of p l a n e r  s h a v i n g s  w i t h  a  s p e c i e s  composi t ion of c h i p  mix tu re  C 
and from f u r n i s h e s  of steamed and unsteamed r i n g - f l a k e d  c h i p s  of mix tu re  A .  
'l'llc ave rage  s p e c i f i c  g r a v i t i e s  (ovendry weight  and g reen  volume b a s i s )  
were 0.50,  0.70,  and 0.52 f o r  c h i p  m i x t u r e s  A ,  B,  and C r e s p e c t i v e l y .  
T h c i r  f requency d i s t r i b u t i o n s  a r e  shown below. 

sp. g r a v i t y  

A 

sp. g r a v i t y  

B 

sp. grav i t y  

I~ammern~i l l ing  w a s  chosen as t h e  pr imary method of c h i p  breakdown because  
of i L s  r e l a t i v e  s i m p l i c i t y  and economic a t t r a c t i v e n e s s .  Ring f l a k e s  and 
p l a n e r  s l ~ a v i n g s  were i n c l u d e d  t o  de te rmine  t o  what e x t e n t ,  i f  any ,  they  
improved board p r o p e r t i e s  over  hammermilling. Mix tu re  A w a s  chosen f o r  
r i n g  f  l a k i n g  because  of i t s  low a v e r a g e  s p e c i f i c  g r a v i t y  (0 .50) ,  b u t  
Mixture  C (0.52) a l s o  cou ld  have been used.  Mixture  C w a s  chosen f o r  
t h e  p l a n e r  shav ings  because  i t  con ta ined  t h e  h i g h e s t  p r o p o r t i o n  of 
s p e c i e s  i n  t h e  d e n s i t y  r ange  o f  commercial sawlog s p e c i e s ,  t h e  
commercial s o u r c e  of  p l a n e r  shav ings .  
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Figure 1.--Distribution of particle size for the 

various furnishes as determined by sieve analysis. 
The values on the x axis are the diameters, in 
inches, of the circular holes in a William's chip 
screen. 
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PREPARATION OF PARTTCLE FURNISHES 

The fu rn i shes  from hammermilled chips were prepared by mi l l i ng  green 
chips i n  a 10-in. (25.4 cm) hammermill. The green p a r t i c l e s  were a i r  

11 dr i ed  and screened and a l l  ma te r i a l  passing a 1132-in. (0.79 mm) screen-  
was r e j e c t e d  a s  f ines /  and t h a t  re ta ined  on the  114-in. (6.35 mm) screen 
was r e j e c t e d  a s  being too coarse .  There was very  l i t t l e  d i f f e r e n c e  i n  
the  amount of usable m a t e r i a l  obtained from the  t h r e e  ch ip  mixtures. 

Planer  shavings were produced on an  8-in. (20.3 cm) jo in ter -p laner  from 
green blocks of t h e  50 Phi l ippine  spec ies .  After  a i r  drying,  t he  
shavings were mixed together  i n  proper propor t ions  t o  ob ta in  a spec ie s  
mixture i d e n t i c a l  t o  ch ip  mixture C. The mixture was then hammermilled 
(no screen)  t o  break up t h e  l a rge  curled shavings and screened t o  remove 
f i n e s .  The average th ickness  of the  planer  shavings was 0.020 i n .  
(0.51 mm) and ranged from 0.005 i n .  (0.13 mm) t o  0.047 in .  (1.19 mm) . 
Green f l a k e s  from both steamed and unsteamed chips  of ch ip  mixture A 
were produced i n  a Pallmann PZ6 r i n g  f l a k e r .  The chips  were steamed i n  
a f i b e r  drum, and a f t e r  t h e  i n t e r n a l  drum temperature had s t a b i l i z e d  a t  
101' C ,  steaming was continued f o r  another  50 minutes. The hot  ch ips  were 
fed immediately i n t o  the  PZ6 f l a k e r .  Af ter  f l a k i n g ,  both fu rn i shes  were 
a i r  d r i ed  and then screened t o  remove f i n e s .  The average th ickness  of 
f l a k e s  from steamed chips  was 0.018 i n .  (0.46 mm) and ranged from 0.004 in .  
(0.10 mm) t o  0.037 in .  (0.94 mm). Flakes from unsteaned chips averaged 
0.015 in .  (0.38 mm) i n  th ickness  and ranged from 0.004 in .  (0.10 mm) t o  
0.034 i n .  (0.86 mm). 

Sieve ana lyses  of t h e  s i x  fu rn i shes  a f t e r  they had been screened t o  remove 
f i n e s  a r e  shown i n  f i g u r e  1. Of the  t h r e e  hammermilled fu rn i shes ,  ch ip  
mixture B, which had the  h ighes t  average s p e c i f i c  g rav i ty ,  produced the  
l e a s t  amount of l a r g e  ma te r i a l  and the  g r e a t e s t  amount i n  the  middle 
range. A l l  t h r e e  had approximately the  same amount of small mater ia l .  
Steaming t h e  ch ips  p r i o r  t o  r i n g  f l a k i n g  r e su l t ed  i n  a somewhat higher  
percentage of l a r g e  ma te r i a l  ( t h a t  r e t a ined  on the  112-in. (12.7 mm) 
screen) but l e s s  i n  the middle and lower ranges. The furnish of planer 
shavings d i d  no t  conta in  t h e  l a r g e  p a r t i c l e s  c h a r a c t e r i s t i c  of the  
r i n g  f laked  fu rn i shes ,  but  i t s  average s i z e  was g rea t e r  than that of t h e  
hammermilled chips.  

11 The diameter of t h e  c i r c u l a r  ho le s  i n  the  William's ch ip  screen. - 

21 I n  t h i s  r e p o r t ,  f i n e s  a r e  defined a s  a l l  ma te r i a l  passing a 
sc reen  with 1132-in. (0.79 mm) diameter c i r c u l a r  holes .  



EXPERIMENTAL DESIGN AND PROCEDURE 

The fo l lowing  experimental  des ign  and manufacturing cond i t i ons  were 
employed. 

I. Seven p a r t i c l e  fu rn i shes :  

1. Chip mixture  A - hammermilled ch ips  - urea  r e s i n  
2. Chip mixture  B - hammermilled c h i p s  - urea  r e s i n  
3. Chip mixture  C - hammermilled c h i p s  - urea  r e s i n  
4. Chip mixture  A - hammermilled ch ips  - phenol ic  r e s i n  
5 .  Chip mixture  A - r i n g  f l aked  c h i p s  - urea  r e s i n  
6. Chip mixture  A - presteamed r i n g  f l aked  ch ips  - urea  r e s i n  
7. P laner  shavings w i th  composition of ch ip  mixture  C - urea  r e s i n  

11. Two board d e n s i t i e s  (nominal) : 42 pcf (673 kg/m3) and 48 pcf 
(769 kg/m3) based on ovendry weight and volume a t  50% RH. 

111. Two r e s i n  con ten t s :  5% and 8% s o l i d s  based on t h e  ovendry weight 
of wood i n  t h e  pane ls .  

I V .  Rep l i ca t i ons :  Two (56 boards manufactured) 

V.  Board s i z e :  18 i n .  (45.7 cm) square  x 112 i n .  (12.7 mm) t h i c k  

V I  . Board cons t ruc t ion :  Homogeneous 

V I I .  Resin types: Borden Chemical's WW-17 GN l i q u i d  a r e a  formaldehyde 
and PB-65 l i q u i d  phenol formaldehyde. 

V I I I .  Wax s i z e :  0.5% s o l i d s  (Hercules '  Paracol  404N wax emulsion) 

I X .  P r e s s  temperature: 320' F (160' C) and 375' F (191' C) f o r  u r ea  
and phenol ic  bonded boards r e spec t ive ly .  

X. P r e s s  t i m e :  7.5 and 9.0 minutes f o r  u rea  and phenol ic  bonded 
boards r e s p e c t i v e l y .  

X I .  T i m e  t o  112-in. (12.7 mm) s tops :  1.2 t o  2.2 minutes depending on 
board d e n s i t y  and type  of fu rn i sh .  

The r e s i n s  and wax s i z e  were app l i ed  t o  t h e  p a r t i c l e s  i n  a r o t a t i n g  drum- 
type  l abo ra to ry  b l ende r ,  p o s t  blended f o r  5 minutes,  and then  hand 
f e l t e d  i n t o  18-in. (45.7 cm) square  mats. The mats were then pre- 
pressed and ho t  p ressed .  A f t e r  p r e s s ing  t h e  u rea  bonded boards were 
cooled immediately whereas t h e  phenol ic  boards w e r e  h o t  s tacked  f o r  
24 hours  t o  i n s u r e  complete cure  of t h e  r e s i n .  Four 2.5-in. (6.4 cm) 
x 14-in. (35.6 cm) s t a t i c  bending samples and two 1.75-in. (4.4 cm) x 
14-in. (35.6 cm) l i n e a r  expansion (LE) samples w e r e  c u t  from each panel .  
A l l  samples were e q u i l i b r a t e d  a t  a 72' F (22' C) and 50% r e l a t i v e  
humidity (RH) c o n t r o l  cond i t i on  p r i o r  t o  t e s t i n g .  Board d e n s i t i e s  w e r e  
determined by ovendrying t h e  LE samples a f t e r  t e s t i n g .  



For t h e  urea-bonded boards,  a l l  four  s t a t i c  bending samples were used 
t o  determine modulus of e l a s t i c i t y  (MOE) and modulus of rup tu re  (MOR) 
a t  t h e  50% RH c o n t r o l  cond i t i on .  I n t e r n a l  bond s t r e n g t h s  (IB) were 
determined from two 2-in. (5.1 cm) square specimens c u t  from one-half 
of t h e  s t a t i c  bending samples a f t e r  they  had been t e s t e d .  The remaining 
ha l f  of each s t a t i c  bending sample was c u t  i n t o  one 2-112-in. x 5-in. 
(6.4 cm x 12.7 cm) water soak sample from which percent  water  absorp t ion  
and th i cknes s  swel l ing  were determined a f t e r  water soaking f o r  24 hours  
a t  72" F (22" C). 

For t h e  phenolic-bonded boards,  two of t h e  fou r  s t a t i c  bending samples 
from each board were t e s t e d  a t  t h e  c o n t r o l  cond i t i on ,  a d t h e  remaining 
two were subjec ted  t o  t h e  ASTM acce l e r a t ed  aging test.?? Af t e r  aging,  
t he  samples were r e - equ i l i b r a t ed  a t  t h e  c o n t r o l  condi t ion  and t e s t e d  i n  
s t a t i c  bending. MOR and MOE were ca l cu l a t ed  based on t h e  o r i g i n a l  
t h i cknes s .  I n t e r n a l  bond s t r e n g t h s  of both t h e  c o n t r o l  and aged samples 
were obtained i n  t h e  same manner a s  f o r  t h e  u rea  boards.  

Percent  l i n e a r  and th ickness  swel l ing  a t  72" F (22" C) from equ i l i b r ium 
a t  50% RH t o  equ i l i b r ium a t  90% RH and back t o  equ i l i b r ium a t  50% (50% t o  
90% t o  50% RH) were ob ta ined  from the  LE samples. 

RESULT S 

The experimental  r e s u l t s  f o r  t h e  12 u rea  bonded board types  ( t rea tments )  
a r e  shown i n  f i g u r e s  2 through 7 and t a b l e  1. S i g n i f i c a n t  d i f f e r e n c e s  
between board t ypes  a t  t h e  95% confidence l e v  1 were determined by both  

57 ~ c h e f f 6 ' s k I  test and t h e  less conserva t ive  Q- method. Throughout t h i s  
paper ,  s ta tements  concerning s i g n i f i c a n t  d i f f e r e n c e s  a r e  based on 
~ c h e f f 6 ' s  S-method un le s s  o therwise  i nd i ca t ed .  

3 
The s t a t i c  bending p r o p e r t i e s  ad jus t ed  t o  45 pcf (721 kglm ) d e n s i t y  
a r e  shown i n  f i g u r e s  2 and 3. I t  i s  ev ident  from t h e  d a t a  t h a t  t h e  r i n g  
f l aked  f u r n i s h e s  produced boards wi th  supe r io r  MOR1s  and MOE1s, and t h a t  
steaming t h e  ch ips  p r i o r  t o  f l a k i n g  had no s i g n i f i c a n t  e f f e c t  on t h e s e  
p r o p e r t i e s .  For t h e  boards from hammermilled ch ips ,  t h e r e  were 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  e i t h e r  MOR o r  MOE between boards from ch ip  
mixtures  A ,  B, o r  C a t  e i t h e r  r e s i n  l e v e l .  Although t h e  MOR of t h e  
ch ip  mixture  B boards was lower than those  from mixtures  A and C ,  i t  was 
s i g n i f i c a n t l y  d i f f e r e n t  on ly  by t h e  Q method. The h igh  average s p e c i f i c  
g r a v i t y  of ch ip  mixture B (0.70) and corresponding lower d e n s i f i c a t i o n  
dur ing  board manufacture would account f o r  t h e  reduced MOR of boards from 
mixture B. The boards from planer  shavings of ch ip  mixture  C had s t a t i c  
bending p r o p e r t i e s  i n t e rmed ia t e  t o  t h e  boards from t h e  r i n g  f laked  and 

31 ASTM D 1037-72a. Standard methods of eva lua t ing  t h e  p r o p e r t i e s  of 
wood-base f i b e r  and p a r t i c l e  panel  ma te r i a l s .  

41 H.  chef £6. 1967. The Analysis  of Variance, John Wiley and Sons, - 
Inc . ,  New York, 68-72. 

51  G .  W. Snedecor and W. G.  Cochran. 1967. S t a t i s t i c a l  Methods, 
The 1owa S t a t e  Univers i ty  P re s s ,  Ames, Iowa, 272-274. 



Spp Mix:  A B c A A c 
Furnish : Hammermilled Ring Flaked Shav~ngs 

unstearned steamed 

Figure 2.--Predicted mean values for modulus of elasticity of 
45 pcf (721 kg/m3) urea-bonded particleboards from Philippine 
species. 

Spp Mix: A B C A A C 

Furnish : Hammermi Iled Ring Flaked Shavings 
msteuned steamed 

Figure 3.--Predicted mean values for modulus of rupture of 
45 pcf (721 kg/m3) urea-bonded particleboards from Philippine 
species. 
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Spp. Mix: A B C A A C 

Furnish : Hamrnerrni I led Ring Flaked Shavings. 
mstecmed steamed 

Figure 4.--Predicted mean va lues  f o r  i n t e r n a l  bond s t r e n g t h s  of 
45 pcf (721 kg/m3) urea-bonded pa r t i c l eboa rds  from Ph i l ipp ine  
spec ies .  

Spp. Mix: A C A A C 
Furnish : Hammermilled Ring Flaked Shavings 

-teamed steamed 

Figure 5.--Predicted mean va lues  f o r  l i n e a r  expansion (50% t o  90% t o  
- 50% RH) of 45 pcf (721 kg/m3) urea-bonded pa r t i c l eboa rds  from 

Ph i l ipp ine  spec ies .  



Spp Mix: A 8 C A A C 

Furnish : Hammermilled Ring Flaked Shavings 
unsteamed steamed 

Figure 6.--Predicted mean values for total and irreversible thickness 
swellings (50% to 90% to 50% RH) of 45 pcf (721 kg/m3 urea-bonded 
particleboards from Philippine species. 

;i ' Legend: 
0 planer shavings, mix C 
A r~ng-f  laked, mix A ,  unsteamed 
V ring-f laked, mix A ,  steamed 
0 hammermllled, mixes A, B,C 

open symbols -5Ol0 resin 
sol~d symbols -8'10 resin 

I I 1 I I I 1 

3 0 40 5 0  60 70 80 90 

"10 WATER U P T A K E  

Figure 7.--Percent water uptake and thickness swelling 
from a 24-hour water soak at 22' C. 



hammermilled furn ishes .  For a l l  s i x  fu rn i sh  types ,  both MOR and MOE 
61 were improved by increas ing  both urea r e s i n  content  and board density.- 

I n t e r n a l  bond s t r eng ths  (IB) of the  urea bonded boards ad jus ted  t o  
45 pcf a r e  i l l u s t r a t e d  i n  f i g u r e  4. General ly speaking, t h e  I B ' s  were 
a l l  q u i t e  high but  not  unusual f o r  homogeneous l abora to ry  pa r t i c l eboa rds .  
The boards from hammermilled chips  showed a g rea t e r  o v e r a l l  s t r e n g t h  than 
those from ring-flaked ch ips  and p laner  shavings. This  presumably was 
due t o  a  more uniform d e n s i t y  i n  the  boards from hammermilled chips  which 
is  a t y p i c a l  e f f e c t  of smaller  p a r t i c l e s .  The I B  of t h e  board from 
hammermilled chips  of mixture B a t  5% r e s i n  was s i g n i f i c a n t l y  lower than 
t h e  I E  of t h e  mixture C board but not d i f f e r e n t  from mixture A. However 
the re  were no s i g n i f i c a n t  d i f f e rences  a t  t he  8% r e s i n  l e v e l .  There was 
no s i g n i f i c a n t  d i f f e rence  between the  boards from steamed and unsteamed 
ring-flaked chips  a t  e i t h e r  r e s i n  l e v e l .  The planer  shavings boards had 
somewhat higher  I B  va lues  than those  from ring-f laked chips  which 
probably was due t o  t h e  former 's  smaller  average p a r t i c l e  s i z e .  An 
increase  i n  r e s i n  content  r e s u l t e d  i n  a  s i g n i f i c a n t  i nc rease  i n  the  I B  
of t h e  boards from t h e  t h r e e  hammermilled fu rn i shes  and planer  shavings 
but not  i n  t h e  boards from the  ring-flaked chips.  I B  a l s o  increased with 
an inc rease  i n  board densi ty.51 

The LE's of t h e  urea  bonded boards ad jus ted  t o  45 pcf a r e  shown i n  
f i g u r e  5. The s u p e r i o r i t y  of the  ring-flaked furn ishes  i n  producing 
panels  with e x c e l l e n t  l i n e a r  dimensional s t a b i l i t y  i s  q u i t e  ev ident .  
The r e l a t i v e l y  s h o r t ,  chunky p a r t i c l e s  of t h e  hammermilled fu rn i shes  
probably accounted f o r  t h e i r  g rea t e r  LE. The boards from planer  shavings 
exhib i ted  L E ' s  in te rmedia te  to the  boards from ring-f laked and hamrner- 
mil led chips.  The LE of a l l  board types decreased wi th  an inc rease  i n  
urea r e s i n  content ,  but  t h e  e f f e c t  was s t a t i s t i c a l l y  s i g n i f i c a n t  only  
f o r  t h e  boards from t h e  hammermilled mixture C fu rn i shes .  Board dens i ty  
had a  n e g l i g i b l e  e f f e c t  on L E . ~  

Tota l  and i r r e v e r s i b l e  th ickness  swell ings of urea bonded boards (50% t o  
90% t o  50% RH) a r e  i n  f i g u r e  6. I r r e v e r s i b l e  th ickness  swell ing of a l l  
s i x  board types was reduced s i g n i f i c a n t l y  by an increase  i n  r e s i n  
content ,  and t h i s  i n  turn  was r e f l e c t e d  i n  t h e  t o t a l  th ickness  swell ings 
of t he  boards. The boards from planer  shavings exhib i ted  the  l e a s t  t o t a l  
and i r r e v e r s i b l e  th ickness  swel l ing  and t h e  boards from hammermilled 
ch ips  the  g r e a t e s t  a t  e i t h e r  r e s i n  l eve l .  However i t  i s  evident  from 
f i g u r e  6 and t a b l e  1 t h a t  t h e  d i f f e rences  among board types  a t  a  given 
r e s i n  l e v e l  were no t  l a r g e .  A s  was the  case  wi th  l i n e a r  expansion, t h e r e  
was not  a  cons i s t en t  r e l a t i o n s h i p  between board dens i ty  and t o t a l  and 
i r r e v e r s i b l e  thickness swell ings which i s  not unusual f o r  e i t h e r  
labora tory  o r  commercial par t ic leboards .  

The percent  water uptake and t o t a l  thickness swel l ing  of t he  urea boards 
a t  45 pcf a f t e r  a  24 hour water soak a r e  i n  f i g u r e  7.  Thickness 
swell ing was a  l i n e a r  funct ion  of water uptake, and water uptake and 

61 Not i l l u s t r a t e d  i n  f i g u r e s  o r  t ab le s .  - 



Table 1 .  Predicted mean values o f  s t reng th  and dimensional s t a b i l i t y  p roper t ies  o f  urea bonded 
par t ic leboards from Ph i l i pp ine  species a t  45 pcf  (721 kg/m3). 

! A  r i n g f l a k e d  670 4620 4590 31.6 180 1.24 0.15 11.1 7.9 56.7 17.1 

i A r i n g  614 4230 4100 28.3 146 1.01 0.19 14.2 10.1 77.3 29.1 

656 4520 4700 32.4 186 I .28 0.16 1 1 . 1  7.1 56.7 15.1 

C!:! P a r t i c l e  
Type 

N From e q u i l i b r i u m  a t  50% RH t o  e q u i l i b r i u m  a t  90% RH 
2/ From a 24 hour water soak a t  22°C. 
3/ Chips steamed p r i o r  t o  f l a k i n g .  

Resin 
Con- 

k d u l  us k d u l  us Total I r r e v e r s i b l e  
o f  o f  In te rna l  Linear Thickness Thickness Water Thickness , t u r e  
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(1000 p s i )  ( M P ~ )  ( p s i )  ( M P ~ )  (ps i )  (MPa) (%I  ( % I  ( % I  ( % I 2  ( a )  



swel l ing  were g r e a t e s t  a t  t h e  5% r e s i n  l e v e l .  The genera l  t rend  a t  both 
r e s i n  l e v e l s  was t h a t  t he  boards from ring-f laked chips  had t h e  g r e a t e s t  
water uptake and swel l ing  and the  planer  shavings boards t h e  l e a s t .  For 
the  boards from hammermilled c h i p s ,  ch ip  mixture C r e s u l t e d  i n  the  l e a s t  
amount of swell ing.  It i s  i n t e r e s t i n g  t o  no te  t h a t  t he  planer  shavings 
boards, which exhib i ted  t h e  l e a s t  amount of swel l ing ,  had the  same spec ies  
composition a s  ch ip  mixture C. The g r e a t e r  absorpt ion  and swell ing a t  
5% r e s i n  content  would be expected s ince  l e s s  bonding e x i s t e d  t o  hold t h e  
matr ix together .  The g r e a t e r  water absorpt ion  and g r e a t e r  swel l ing  by 
boards from ring-flaked c h i p s  would be due t o  t h e  l a r g e r  i n t e r n a l  voids  
i n  those boards because of t h e i r  l a r g e r  p a r t i c l e  s i z e  and corresponding 
l e s s  uniform dens i ty .  Whether o r  not t h e  above r e l a t i o n s h i p s  would hold 
i f  t h e  boards were soaked f o r  longer per iods  of time is  not  known. 

The s t r e n g t h  p rope r t i e s  of t he  phenolic-bonded boards from hammermilled 
ch ips  of mixture A a t  45 pcf (721 kg/m3) dens i ty  before  and af  t e r  ASTM 
acce le ra t ed  aging a r e  i n  t a b l e  2 and f i g u r e  8. A s  was the  case  with the  
urea-bonded boards from t h e  same fu rn i sh ,  MOR, MOE, and I B  a l l  increased 
with an inc rease  i n  r e s i n  content  and panel density.&/ MOR and MOE 
were reduced no more than 50% by acce lera ted  aging a t  both r e s i n  l e v e l s ,  
but  I B  was reduced an average of 75%. An increase  i n  r e s i n  content  
somewhat decreased t h e  percent reduct ion i n  MOR and I B  by aging but  had 
no e f f e c t  on MOE. For some unapparent reason t h e  t h r e e  s t r e n g t h  proper- 
t i e s  a t  5% phenolic r e s i n  content  were considerably l e s s  than those  of 
t h e  urea  boards a t  5% r e s i n ,  but  were nea r ly  t h e  same a t  t h e  8% l e v e l .  
Both th ickness  swel l ing  and LE were l e s s  f o r  t h e  phenolic-bonded boards. 

Linear  th ickness  swel l ings  (50% t o  90% t o  50% RH) and i r r e v e r s i b l e  
th ickness  swel l ing  a f t e r  acce lera ted  aging of t he  phenolic-bonded boards 
a r e  i n  f i g u r e  9 and t a b l e  2. Both LE and th ickness  swell ing were 
reduced by increas ing  r e s i n  content  from 5% t o  8%. The reduct ion i n  
th ickness  swel l ing  f o r  t h e  50% t o  90% RH t e s t  condi t ion  was due t o  a 
reduct ion i n  t h e  i r r e v e r s i b l e  component. When compared t o  t h e  urea-bonded 
boards from the  same hammermilled f u r n i s h  ( f i g .  61, t h e  th ickness  
swel l ings  were approximately the  same, but  t he  LE of t h e  phenolic-bonded 
boards was considerably l e s s  a t  both r e s i n  l e v e l s  ( f ig .  5 ) .  Also t h e  
e f f e c t  of t h e  8% r e s i n - l e v e l  i n  reducing LE was g rea t e r  f o r  t h e  phenolic  
r e s i n .  Why these  d i f f e r e n c e s  occurred between t h e  two r e s i n  types  is  
no t  known. 

When t h e  12 urea  boards i n  t h i s  s tudy,  wi th  p rope r t i e s  ad jus ted  t o  45 pcf 
(721 kg/m3), were compared t o  t h e  i n t e r i o r  type 1B2 board of Commercial 
Standard CS 236-66,Ll a l l  boards except t h e  board a t  5% r e s i n  content  
from hammermilled ch ips  of mixture B ( the  high s p e c i f i c  g rav i ty  mixture) 
met o r  exceeded t h e  2,400 p s i  (16.5 MPa) MOR and the  400,000 p s i  (2,760 MPa) 
MOE minimum requirements.  A l l  boards g r e a t l y  exceeded t h e  60 p s i  (0.41 MPa) 
minimum I B  requirement. Only the  boards from t h e  r ing-f laked fu rn i shes  
had LE's l e s s  than t h e  0.30% maximum al lowable.  The o the r  boards a l l  
exceeded 0.30% except f o r  t h e  8% r e s i n  board from hammermilled chips  of 

71 Commercial Standard CS 236-66, mat-formed wood pa r t i c l eboa rd .  
U.S. Dept. of Commerce. 



Table 2. P red ic ted  mean values f o r  p roper t ies  o f  45 pcf  (721 kg/m3) phenol i c  bonded 
pa r t i c l eboa rds  from hammermilled ch i p  m ix tu re  A P h i l i p p i n e  species. 
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Figure 8.--Predicted u n  valuelr f o r  mdululr of e l a l r t i c i t y ,  v d u l u s  of 
rupture ,  and i n t e r n a l  b o d  of contro l  and ASRI accelera ted  aged aalplem 
of 45 pcf (721 kg/m3) p h ~ o l i c - b o n d e d  par t ic leboards  from h1rrd1l.d 
chip d x t u r e  A Ph i l ipp ine  species.  

Linear T h ~ c k  ness Irrevefsi bk 
Expansion Swell~ng Swelling 

after Aglng 

Figure 9.--Predicted mean values  f o r  l i n e a r  expansion and t o t a l  and 
i r r e v e r s i b l e  th ickness  swell ings (50% t o  90% t o  50% RH) and irre- 
v e r s i b l e  th ickness  and swell ing a f t e r  A S R I  accelera ted  aging of 
45 pcf (721 kg/&) phenolic-bonded par t ic leboards  from hammermilled 
chip mixture A Phi l ippine  species .  
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mixture C .  The r e l a t i v e l y  h igh  LE of t h e  p l ane r  shavings boards was 
n o t  expected bu t  probably was r e l a t e d  t o  i t s  low th i cknes s  swe l l i ng  
( f i g .  6 ) .  

A comparison of t h e  p r o p e r t i e s  of t h e  phenolic-bonded board from 
hammermilled c h i p s  of mix ture  A t o  those  of  t h e  e x t e r i o r  t ype  2B2 board 
of Commercial Standard CS 236-66 showed t h a t  t h e  boards i n  t h i s  s tudy  
exceeded a l l  of t h e  minimum requirements a t  t h e  8% r e s i n  l e v e l  [2,500 p s i  
(17.2 MPa) MOR, 450,000 p s i  (3,100 m a )  MOE, 60 p s i  (0.41 I P a )  I B ,  and 
0.25% LEI. However MOR and FDE minimums were n o t  m e t  a t  5% r e s i n  con ten t ,  
bu t  LE and I B  were. A r educ t ion  i n  MOR of no t  more t han  50% a f t e r  
a c c e l e r a t e d  ag ing  a s  s p e c i f i e d  i n  t he  Standard was m e t  a t  both 5% and 
8% r e s i n  l e v e l s .  

GENERAL CONCLUSIONS 

1. S a t i s f a c t o r y  urea-bonded p a r t i c l e b o a r d s  were manufactured from 
f u r n i s h e s  prepared from ch ip  mix tures  of P h i l i p p i n e  hardwoods 
r ep re sen t ing  t h r e e  d i f f e r e n t  wood d e n s i t y  d i s t r i b u t i o n s .  

2. Board p r o p e r t i e s  were in f luenced  by t h e  type  of f u r n i s h  (hammermilled 
c h i p s ,  r ing-f laked c h i p s ,  and p laner  shavings) .  

3. An i n c r e a s e  i n  r e s i n  con ten t  improved a l l  board p r o p e r t i e s .  General ly  
speaking, t h e  minimum p rope r ty  requirements  of Commercial Standard 
CS 236-66 type  1B2 boards  were m e t  o r  exceeded a t  t h e  5% r e s i n  l e v e l  
except  f o r  t h e  LE of t h e  boards from hammermilled f u r n i s h e s  and 
p l ane r  shavings.  

4. An i n c r e a s e  i n  board d e n s i t y  improved a l l  s t r e n g t h  p r o p e r t i e s .  

5. When a l l  p r o p e r t i e s  were considered,  boards from r ing- f laked  ch ips  
were s u p e r i o r  t o  t hose  from hammermilled c h i p s  of t h e  same ch ip  
mixture  (mixture A). 

6. Boards from hammermilled ch ips  of t h e  high-densi ty  mixture  (mixture B) 
were o v e r a l l  of on ly  s l i g h t l y  lower q u a l i t y  than  boards from t h e  o t h e r  
two hammermilled ch ip  mixtures .  

7. Boards from p l ane r  shavings (mixture C) gene ra l l y  had p r o p e r t i e s  
i n t e rmed ia t e  t o  t h e  boards from hammermilled ch ips  and r ing- f laked  
ch ips .  
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INVESTIGATIONS AT TROPICAL PRODUCTS INSTITUTE 

OF FIBROUS MATEXIALS FOR USE I N  PULP AND PAPEREWING 

BY 

E.  R. Palmer 

INTRODUCTION 

The Tropical  Products  I n s t i t u t e  i s  a  s c i e n t i f i c  u n i t  of B r i t a i n ' s  Ministry 
of Overseas Development. Its funct ion is t o  help the  l e s s  developed 
coun t r i e s  de r ive  g r e a t e r  b e n e f i t  from t h e i r  renewable n a t u r a l  resources  
(mainly t h e i r  p l an t  and animal products) ;  and i t  s p e c i a l i z e s  i n  t h e  va r ious  
s c i e n t i f i c ,  t echnologica l ,  and economic problems t h a t  a r i s e  subsequent t o  
harves t .  It i s  concerned wi th  t h e  processing,  preserva t ion ,  s torage ,  
t r a n s p o r t ,  q u a l i t y  con t ro l ,  marketing, and u t i l i z a t i o n  of such products ,  
including t h e  use of waste and byproducts. 

The I n s t i t u t e  s t a r t e d  a s  a  very small labora tory  wi th in  t h e  Imperial  I n s t i -  
t u t e  i n  1894. Most of t he  work of the  I n s t i t u t e  was then focused on B r i t a i n ' s  
co lonies  and Commonwealth coun t r i e s  but  today a s  p a r t  of t he  Minis t ry  of 
Overseas Development, i t s  work encompasses the  needs of l e s s  developed 
coun t r i e s  genera l ly .  

The purpose of t he  paper i s  t o  review b r i e f l y  t h e  pas t  work of the  I n s t i t u t e  
and t o  make known t h e  work i n  progress and something of t he  philosophy 
behind it.  

Work t o  eva lua te  f i b r o u s  ma te r i a l s  f o r  use  i n  pulp and paper s t a r t e d  e a r l y  
i n  t h e  h i s t o r y  of t h e  I n s t i t u t e .  The f i r s t  r e p o r t ,  on t h e  va lue  of 
megasse ( t h e  f ib rous  r e s idue  from sugar cane more commonly c a l l e d  bagasse) 
from Trinidad,  was published i n  1910. Since t h a t  time, t h e  r e s u l t s  of many 
i n v e s t i g a t i o n s  have been published. 

WORK BEFORE 1935 

A d iv id ing  l i n e  i n  the  work of the  I n s t i t u t e  can be drawn a t  1935 because 
i n t h a t  year t h e  I n s t i t u t e  acquired a  B r i t i s h  Standard shee t  former. P r i o r  
t o  t h a t  time most d iges t ions  were by t h e  soda process,  and pulps were 
evaluated by f e e l  and appearance a f t e r  forming hand shee t s  approximately 
8 inches by 10  inches.  

During t h i s  period,  more than 100 nonwood spec ie s  and 50 wood spec ie s  
from 36 coun t r i e s  were examined. There did not  appear t o  be any o v e r a l l  
po l icy  f o r  dec id ing  which spec ie s  should be examined: anything s e n t  i n  
was examined. Most of the  samples were sen t  by people working i n  t r o p i c a l  
coun t r i e s  i n  a  nontechnical  capaci ty.  Thus miss ionar ies  and admin i s t r a to r s ,  
o f t en  with an amateur i n t e r e s t  i n  the  abundant f l o r a  of a  l o c a l i t y ,  would 
send samples. Others would be a t t r a c t e d  by t h e  p o s s i b i l i t y  of f ind ing  a  
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use f o r  a  waste m a t e r i a l .  The on ly  a t t r a c t i v e  f e a t u r e  apparen t  f o r  a l l  
t h e  samples was t h a t  they appeared t o  be a v a i l a b l e  i n  l a r g e  q u a n t i t i e s .  
During t h i s  per iod ,  some r a t h e r  unpromising m a t e r i a l s  were examined. For 
example, r i c e  husks from Egypt, examined i n  1918 were found t o  have an  
a sh  con ten t  of 14.7% and f i b r e s  between 0.5 and 0.7 nun long;  t h e  paper 
ob ta ined  was very weak and b r i t t l e .  The I n s t i t u t e  examined a l s o  a  number 
of m a t e r i a l s  t h a t  were promising and some a r e  now ve ry  w e l l  known t o  paper- 
makers: f o r  example bagasse (1910), va r ious  s p e c i e s  bf bamboo (f rom 1912),  
Arundo donax (1912), Imperata a rund ina r i a  (Lalang g r a s s  1914) ,  and r i c e  
s t r aw  (1918). 

The I n s t i t u t e  has  never been innovat ive  i n  t h e  development of techniques 
f o r  pulping,  o r  of new ways of p rocess ing  pulps.  However, and p a r t i c u l a r l y  
when eva lua t ing  wood s p e c i e s ,  knowledge has  o f t e n  been acqui red  many y e a r s  
be fo re  t h e r e  was any commercial e x p l o i t a t i o n .  One example of t h i s  is  t h e  
t r i a l s  involv ing  more than 20 spec i e s  of hardwoods from Guyana which were 
t h e  s u b j e c t  of t h r e e  r e p o r t s  i n  1924, 1928, and 1930. Although t h e r e  have 
been a  number of t r i a l s  s i n c e  then and work completed i n  t h e  l a s t  t h r e e  years  
is  now being publ ished,  when a  p r o j e c t  was proposed i n  1974175 t o  e x p l o i t  
hardwoods from Guyana, t h e s e  50-year-old r e p o r t s  were t h e  most complete 
publ ished information.  

An i n v e s t i g a t i o n ,  which l e d  t o  f u r t h e r  s t u d i e s  and e x p l o i t a t i o n  i n  a  
s h o r t e r  pe r iod ,  was t h e  examination of Pinus r a d i a t a ,  P. l a r i c o ,  and s i x  
hardwoods from New Zealand. I n  1921 i t  was r epo r t ed  t h a t  both t h e s e  p ines  
y ie lded  s t r o n g  pulps ,  b u t  they were d i f f i c u l t  t o  pulp because of t h e  number 
of knots .  The pulps  were more d i f f i c u l t  t o  bleach than  pulps  ob ta ined  
from t h e  hardwoods. The r e p o r t  concluded wi th  a  number of sugges t ions  f o r  
f u r t h e r  i n v e s t i g a t i o n s  necessary  before  commercial e x p l o i t a t i o n .  I n  t h i s  
c a s e ,  i t  i s  w e l l  known t h a t  a  succes s fu l  i n d u s t r y  has  been b u i l t  on t h e  
I n s t i t u t e ' s  p re l iminary  work. 

To conclude t h i s  s e c t i o n  reviewing o ld  work a t  a  t i m e  when i n c r e a s i n g  t h e  
u se  of t h e  whole biomass i s  t h e  vogue, i t  i s  worth no t ing  t h a t  a s  long ago 
a s  1924 t h e  I n s t i t u t e  publ ished a  r e p o r t  i n  which t h e  e f f e c t  of pulping 
before  and af t e r  t h e  removal of bark from a  hardwood was s tud i ed ,  and i n  
1929 and 1930 a  number of s t u d i e s  were completed i n  which t h e  va r ious  p a r t s  
of t h e  s i s a l  p l a n t  were examined wi th  t h e  i n t e n t i o n  of u s ing  a l l  p a r t s  of 
t h e  p l a n t  e i t h e r  s e p a r a t e l y  o r  t oge the r .  

WOPX AFTER 1935 

The year  1935, w i th  t he  a c q u i s i t i o n  of t h e  s tandard  shee t  machine f o r  shee t  
forming and pulp s t r e n g t h  t e s t i n g  equipment, marked a  major change i n  t h e  
work of t h e  I n s t i t u t e :  i n s t e a d  of a s se s s ing  t h e  q u a l i t y  of t h e  pulp by 
i ts appearance, i t  was now p o s s i b l e  t o  quan t i fy  q u a l i t y  on t h e  b a s i s  of 
s tandard ized  t e s t i n g  procedures .  Although d e t a i l s  of methods used have 
changed and new t e s t s  have been added, no f u r t h e r  changes of comparable 
s i g n i f i c a n c e  have taken p l a c e  s i n c e  t h a t  t i m e .  



P r i o r  t o  1952 most d i g e s t i o n s  were by t h e  soda process ,  w i th  a  few by t h e  
s u l p h i t e  process  and a l l  b leachings  were by use  of hypochlor i te .  The 
inc reas ing  number of wood samples l e d  t o  t h e  i n c l u s i o n  of t h e  k r a f t  
(sulphate)  d i g e s t i o n  process  i n  t h e  I n s t i t u t e ' s  experimental  work. Now 
t h e  s u l p h a t e  process  i s  t h e  chemical process  used most f r equen t ly .  This  
change l e d  t o  t h e  i nc lu s ion  of mu l t i s t age  bleaching:  i n i t i a l l y  succes s ive  
a p p l i c a t i o n s  of c h l o r i n e ,  a l k a l i ,  and hypochlor i te ,  and more r e c e n t l y ,  
t h e  i n c l u s i o n  of c h l o r i n e  d iox ide .  

To t h e  I n s t i t u t e ' s  f a c i l i t i e s  has been added t h e  machinery necessary f o r  
experimental  semichemical pulping. Curren t ly  a  new r e f i n e r  t o  produce, 
on an experimental  s c a l e ,  r e f i n e r  groundwood and poss ib ly  thermomechanical 
pulps  is being conrmissioned . 
When in t roduc ing  new teclmiques,  every e f f o r t  i s  made t o  ensure  t h a t  r e s u l t s  
ob ta ined  before  t h e  change a r e  comparable w i th  t hose  ob ta ined  a f t e r  i t .  
However, t h e r e  a r e  some changes i n  s tandards  which have such an e f f e c t  on 
t h e  va lues  obtained t h a t  d i r e c t  comparison of r e s u l t s  be fo re  and a f t e r  t h e  
change a r e  not  pos s ib l e .  One such change was t h a t  of t h e  cond i t i ons  i n  
which pulp s h e e t s  a r e  t e s t e d ,  from t h e  o ld  B r i t i s h  s tandard  of 68" F and 
65% r e l a t i v e  humidity t o  t h e  more widely used new s tandard  of 23O C and 
50% r e l a t i v e  humidity. One advantage of t h i s  change i s  t h a t  it is e a s i e r  
t o  compare r e s u l t s  obtained i n  t h e  I n s t i t u t e  w i th  t hose  ob ta ined  i n  
American l a b o r a t o r i e s .  

There has been a  marked change i n  t h e  type of f i b r o u s  m a t e r i a l  examined. 
I n  t h e  e a r l y  per iod reviewed t h e  number of nonwoods t o  t h e  number of woods 
was i n  t h e  r a t i o  of 2 : l .  I n  t h e  per iod s i n c e  1935, t h e  r a t i o  i s  reversed  
wi th  fewer than  40 nonwood spec i e s  being examined a g a i n s t  more than  100 wood 
spec i e s .  I n  t h e  l a s t  twenty yea r s  about 952 of t h e  I n s t i t u t e ' s  t i m e  has 
been spent  examining wood samples. 

Another change has  been i n  t h e  s t r a t e g y  of t h e  work and, t he re fo re ,  i n  t h e  
source  of t h e  samples. Most samples now a r e  s e n t  by p ro fe s s iona l  f o r e s t e r s ,  
who a r e  ve ry  c a r e f u l  t o  s e l e c t  samples a s  r e p r e s e n t a t i v e  of t h e  growing 
s tock ,  and f r equen t ly  t h e r e  is  consu l t a t i on  w i th  Government departments 
concerned wi th  t h e  promotion of l o c a l  indus t ry .  

Examination of r e p o r t s  from the  e a r l y  per iod shows t h a t  t h e  primary o b j e c t  
was t o  a s s e s s  t h e  va lue  of a  raw m a t e r i a l  f o r  expor t  t o  Europe f o r  
processing.  Now t h e  o b j e c t  is t o  promote l o c a l  indus t ry .  I n  most ca se s  
t h i s  means processing a t  l e a s t  t o  pulp,  i f  no t  t o  paper,  i n  t h e  l o c a l i t y  
where t h e  trees a r e  grown. However, t h e r e  a r e  some p l aces  where l o c a l  
cond i t i ons  make t h i s  impossible ,  and t h e  end product i s  l i k e l y  t o  be ch ips  
f o r  expor t .  

The samples examined by t h e  I n s t i t u t e  o r i g i n a t e  from both n a t u r a l  f o r e s t s  
and p l a n t a t i o n s ,  but  a d e c i s i o n  was made t o  concen t r a t e  work on p l a n t a t i o n s .  
The main reason  f o r  t h i s  d e c i s i o n  was t h a t ,  i n  t h e  op in ion  of t h e  I n s t i t u t e ,  
a  m i l l  based on a  uniform raw m a t e r i a l  is more l i k e l y  t o  be  s u c c e s s f u l ,  
both t e c h n i c a l l y  and economically,  than one based on a heterogeneous m a t e r i a l .  



Consequently, it  was thought t h a t  t h e  f a c i l i t i e s  a v a i l a b l e  could be used t o  
g r e a t e r  e f f e c t  by i n f luenc ing  t h e  choice of s p e c i e s  t o  r e p l a c e  t h e  n a t u r a l  
f o r e s t .  It should be emphasized t h a t  p l a n t a t i o n s  do not  n e c e s s a r i l y  mean 
p l a n t a t i o n s  of e x o t i c  spec i e s .  Often t h e  spec i e s  chosen w i l l  be e x o t i c ,  but  
t h e r e  i s  no reason  why n a t i v e  spec i e s ,  wi th  t h e  p o t e n t i a l  t o  grow f a s t  i n  
p l a n t a t i o n s ,  should no t  be included i n  t h e  s t u d i e s .  

A t  p r e sen t  t h e  work of t h e  I n s t i t u t e  has t h r e e  p r i n c i p a l  a spec t s :  

1. Evalua t ion  of p l a n t a t  ion-grown con i f e rous  s p e c i e s  ; 

2. eva lua t ion  of plantation-grown hardwood spec i e s ;  and 

3. eva lua t ion  of p o t e n t i a l  seed t r e e s .  

EVALUATION OF PLAIJTATION-GROWI? CONIFEROUS SPECIES 

This  is  t h e  s u b j e c t  t h a t  has  received most a t t e n t i o n  i n  t h e  l a s t  10-15 yea r s .  
Reports  have been publ ished g iv ing  t h e  r e s u l t s  of eva lua t ions  of Pinus 
c a r i b a e a ,  P. ke s iya ,  P. p a t u l a ,  P. e l l i o t t i i ,  P. merkus i i ,  and P. oocarpa. 
S t u d i e s  now i n  p rog re s s  i nc lude  four  of t h e  above s p e c i e s  and - P, o c c i d e n t a l i s ,  
P.  t r o p i c a l i s ,  and g. cubens is .  The samples have come from 11 d i f f e r e n t  - 
c o u n t r i e s .  

The r e s u l t s  of a l l  t h e s e  examinations have been o r  w i l l  be publ ished else- 
where, and only  some p r i n c i p a l  f e a t u r e s  need be emphasized here .  

The r e s u l t s  of t h e  f i r s t  two examinations of P. c a r ibaea  showed t h a t  t h e r e  
could be a  cons ide rab l e  d i f f e r e n c e  between samples of t h e  same spec i e s .  
Pulp prepared from old samples from a  n a t u r a l  s tand  i n  Be l i ze  gave s h e e t s  
t h a t  were very  bulky, had a  very low bonding s t r e n g t h  but  a  ve ry  h igh  
t e a r i n g  s t r e n g t h .  Pulp prepared from young t r e e s  grown i n  p l a n t a t i o n s  i n  
F i j i  and Sabah gave more dense s h e e t s  wi th  much b e t t e r  bonding s t r e n g t h  and 
lower,  bu t  s t i l l  good, t e a r i n g  s t r eng th .  I n i t i a l l y  t h i s  d i f f e r e n c e  was 
a sc r ibed  t o  age of trees. Subsequent examinations have shown t h a t  t h i s  
i s  no t  t h e  on ly  f a c t o r  because t he  d i f f e r e n c e s  i n  t h e  wood from t h e  plan- 
t a t i o n s  of t h e  sane age was a l s o  g r e a t .  For example, t h e  mean d e n s i t y  of 
a  sample of 20 t r e e s  of P  ca r ibaea  v a r i e t y  hondurensis  grown i n  F i j i  was 
502 kg/m3 wi th  a  range o f  378-696 kg/m3, w h i l s t  a  sample of t he  same 
v a r i e t y  of t h e  same age grown from seed from t h e  same provenance i n  
Uganda had an  average d e n s i t y  of 374 kg/m3 wi th  a  range of 329-447 kg/m3. 
These r e s u l t s  i n d i c a t e  that o ther  f a c t o r s  than age and seed source  a r e  
important .  The range of d i f f e r e n c e  f o r  pulp q u a l i t y  is  i l l u s t r a t e d  i n  
f i g u r e  1. 

Even a f t e r  examinations of 36 samples of P. c a r ibaea  from 11 c o u n t r i e s ,  
q u a l i t y  s t i l l  cannot be p red i c t ed ,  and i t i s  necessary  t o  test a l l  samples. 

A second important  f i n d i n g  was t h e  v a r i a t i o n  w i th in  a  p l a n t a t i o n  of 
uniform age ,  f o r  example i n  a  sample of 32 10-year-old t r e e s  of P. c a r ibaea  
from Seaqaqa i n  F i j i  t h e  range of d e n s i t y  f o r  i n d i v i d u a l  trees w a s  
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340-610 kglm . This  has meant t h a t  cons ide rab l e  c a r e  has  t o  be taken i n  
s e l e c t i n g  a  r e p r e s e n t a t i v e  sample; t h e  observa t ion  was a l s o  t h e  s t imulus  
t o  t h e  work on t h e  eva lua t ion  of seed trees. 

One i n v e s t i g a t i o n  has  given a  r e s u l t  t h a t  is  ve ry  encouraging t o  t hose  who 
s e l e c t  trees f o r  v igour .  Tn each of two p l a n t a t i o n  a r e a s  i n  F i j i ,  a  group 
of 300 trees were measured and divided i n t o  t h r e e  groups: 100 wi th  t h e  
l a r g e s t  g i r t h ,  100 wi th  t h e  smal les t  g i r t h ,  and 100 between t h e  extremes. 
From each of t h e  extreme groups 10  trees were s e l e c t e d  a t  random and 
examined. The main f i n d i n g s ,  which were t h e  same f o r  bo th  a r e a s ,  were: 

1. The volume of wood produced by t r e e s  s e l e c t e d  a s  f a s t  grown was 
approximately twice t h a t  produced by t h e  slow grown trees; 

2. t h e r e  were 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  t h e  d e n s i t y  of t h e  wood; 

3.  t h e r e  were 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  t h e  chemical composition 
of t h e  wood; 

4. when cooked by t h e  su lpha t e  process ,  t h e r e  were no s i g n i f i c a n t  
o r  c o n s i s t e n t  d i f f e r e n c e s  i n  t h e  e a s e  of d i g e s t i o n ;  

5. t h e  y i e l d  of pulp,  when compared a s  weight of pulp per  volume of 
wood, was h igher  f o r  t h e  slow grown samples,  bu t  t h e  much 
h igher  volume increment of t h e  f a s t  grown trees more than com- 
pensa tes  f o r  t h i s  disadvantage;  and 

6. t h e r e  was an impression t h a t  t h e  pulps  from t h e  slow grown 
samples were more d i f f i c u l t  t o  bea t  and were s t r o n g e r ,  but  t h e  
d i f f e r e n c e s  were no g r e a t e r  than might have been found i n  r e p l i c a t e  
b e a t i n g s  of t h e  same pulp. 

The wood p r o p e r t i e s  of - P. c a r i b a e a  a r e  we l l  known f o r  t h e i r  g r e a t  v a r i a b i l i t y  
caused by seed source ,  growing cond i t i ons ,  c l ima te ,  age  of trees, and t h e  
i n t e r a c t i o n  of t h e s e  f a c t o r s .  I n  t h e  work a t  t h e  T rop ica l  Products  
I n s t i t u t e  much less v a r i a t i o n  i n  o the r  p ine  spec i e s  has  been experienced,  
but  workers i n  France, examining two samples of P. p a t u l a  from Swaziland 
and Madagascar, have found d i f f e r e n c e s  i n  t h e  t e n s i l e  and b u r s t i n g  s t r e n g t h  
of more than 25%, and d i f f e r e n c e s  i n  t h e  t e a r i n g  s t r e n g t h  of more than 
10% when eva lua t ing  pulp a t  cons tan t  kappa number and f r eenes s .  Con- 
s equen t ly ,  i t  i s  p o s s i b l e  t h a t  some v a r i a t i o n  i s  l i k e l y  wi th  most p ines  grown 
i n  t h e  t r o p i c s .  

EVALUATION OF PLANTATION-GROIJN HARDWOODS 

Fewer samples of hardwoods have been examined a t  t h e  T rop ica l  Products  
I n s t i t u t e .  I n  a  per iod when 16  r e p o r t s  were publ ished about softwoods, 
t h e r e  were on ly  fou r  r e p o r t s  concerning one sample of each of t h e  four  
s p e c i e s  of hardwoods. The propor t ion  w i l l  change when c u r r e n t  work, 
involv ing  21  samples from 11 spec i e s ,  is  completed. 



The main advantage of t he  plantation-grown hardwoc~ds i s  t h e i r  very f a s t  
growth r a t e .  Although it is  d i f f i c u l t  t o  ge t  accura te  f i s r e s ,  none of 
t h e  samples we have examined i s  estilsated t o  have a r a t e  of growth lower 
than 17 m3/ha/a and some a r e  a s  high as 50 m3/ha/a. Unfortunately,  many 
of these  spec ies  examined have low d e n s i t i e s  ( for  example 230 kg/m3), but  
o t h e r s  a r e  higher  (for example Gmelina arborea ,  400 kg/m3 and some 
Eucalyptus spp . , over 500 kg/m3). This means t h a t  where high growth r a t e  
and high d e n s i t y  a r e  combined, y i e l d s  of d r y  wood can reach  25 tonnes lha la ,  
and y i e l d s  of 16-20 tonnes/ha/a  a r e  a t t a i n e d  more f requent ly .  These 

3 q u a n t i t i e s  can be compared wi th  15-20 m /ha/a  (10 tonnes/ha/a)  f o r  many 
p l a n t a t i o n s  of Pinus car ibaea ,  a l though a y i e ld  of 28 m3/ha/a has been 
repor ted  i n  most favourable condi t ions .  

To present  an assessment of t he  q u a l i t y  of hardwood pulps, t a b l e  1 gives  
a comparison of pulp y i e l d  and s t r e n g t h  compared wi th  two c o m e r c i a l l y  
accepted pulpwoods, mixed U.S. southern hardwoods and beech. 

To make t h e  comparison, a l l  t h e  woods have been d iges ted  using the  same 
su lphate  condi t ions ;  t h e  pulp s t r eng ths  a r e  a l l  compared of 300 Canadian 
Standard f r eeness  a f t e r  bea t ing  i n  a P.F.I. m i l l ;  and t h e  va lues  f o r  
southern hardwoods a r e  taken a s  100. The spec ie s  grown i n  the  t r o p i c s  
were four  spec ie s  of Eucalyptus grown i n  Kenya and Gmelina arborea  grown 
i n  F i j i .  The two r e s u l t s  f o r  5. arborea were t h e  h ighes t  and lowest 
obtained when pulping s i x  samples from d i f f e r e n t  l o c a l i t i e s .  The y i e ld  of 
pulp from a l l  the  samples grown i n  t h e  t r o p i c s  w a s  higher  than t h e  y i e l d  
from beech, and f o r  most of them was higher than t h e  y i e l d  from U.S. southern 
hardwoods. Most of t h e  t r o p i c a l  spec ies  y ie lded  pulp wi th  a lower kappa 
number than w a s  obtained from U.S. southern hardwoods, i nd ica t ing  t h a t  
l e s s  severe d i g e s t i o n  condi t ions  were requi red .  

A comparison can be made between pulps from (a)  spec ie s  grown i n  t h e  t r o p i c s  
and (b) U.S. southern hardwoods. The former gave dense s h e e t s  wi th  equal  
o r  g r e a t e r  t e n s i l e  s t r e n g t h  and, i n  most cases ,  g rea t e r  bu r s t ing  and lower 
t e a r i n g  s t r eng ths .  A l l  t h e  s t r eng th  c h a r a c t e r i s t i c s  were higher  and i n  
some cases  very much higher  than those of t h e  pulps from beech. 

A l l  o f  t h e s e  r e s u l t s  i n d i c a t e  that  f o r  u s e s  where a dense s h e e t  i s  
acceptable ,  and t h e  h ighes t  t ea r ing  s t r e n g t h s  a r e  not  requi red ,  t he  
establ ishment  of p l a n t a t i o n s  of hardwoods should be considered. 

EVALUATION OF POTENTIAL SEED TREES 

The work t o  eva lua te  p o t e n t i a l  seed t r e e s  a r i s e s  from t h a t  on p l an ta t ion  
spec ies .  I n  many of the  i n v e s t i g a t i o n s  completed, a wide v a r i a t i o n  i n  
t h e  wood p rope r t i e s  of i nd iv idua l  t r e e s  was found. Consequently, i t  was 
thought t h a t  i f  it  were poss ib l e  t o  s e l e c t  t he  "best" t r e e  from a p l an ta t ion  
as the  seed source f o r  f u t u r e  generat ions,  then it  would be poss ib l e  t o  
produce a p lan ta t ion  wi th  more uniform wood of higher  q u a l i t y .  It was 
decided t o  t r y  t o  s e l e c t  t r e e s  on t h e  b a s i s  of both t h e i r  growing charac- 
t e r i s t i c s  and t h e i r  p o t e n t i a l  i n d u s t r i a l  usefu lness .  In t h i s  work the  
I n s t i t u t e  i s  co-operating c l o s e l y  with t h e  Commonwealth Fores t ry  I n s t i t u t e  
a t  Oxford. 



Table 1 

Comparison of Pulp from Commercial Pulpwoods 

and spec ies  grown i n  the t rop ics .  

Based on pulp from Mixed U.S. Southern hardwoods - 100 

Screened Yield 

Kappa No. 

Pulps evaluated of 

300 Canadian Standard Freeness  

Denslty 

Tensile Stre,ngth 

-sting Strength 

Tearing S t re rg th  

Southern 

hardwoods 

100 

100 

100 

1 00 

100 

100 

Beech 

95 

84 

102 

90 

87 

79 

Eucalyptus 

s a l i g n a  

107 

86 

102 

105 

104 

89 

Eucalyptus 

camaldulensis 

96 

103 

lo$ 

99 

92 

87 

Gmelina arborea Eucalyptus 

regnans 

110 

66 

114 

119 

115 

89 

highest 

108 

135 

124 

118 

115 

100 

Eucalyptus 

f a s t i g a t a  

100 

99 

111 

114 

117 

94 

lowest 

96 

90 

115 

103 

97 

89 



I n  t h e  f i r s t  t r i a l  completed,  t h e  t r e e s  examined were P inus  c a r i b a e a  from 
p l a n t a t i o n s  i n  F i j i .  Increment co r e s  were t aken  from t h e  l a r g e  number of - 

t r e e s  w i t h  above-average v igour  and s a t i s f a c t o r y  form. The c o r e s  were 
scanned by X-ray dens i tomet ry  t o  determine t h e  mean d e n s i t y  and t h e  
v a r i a t i o n  of d e n s i t y  w i t h i n  t h e  co r e .  From t h e s e  r e s u l t s  20 t r e e s  were 
s e l e c t e d  which r ep re sen t ed  t h e  f u l l  r ange  of mean d e n s i t y  and a  v a r i e t y  of  
d e n s i t y  p a t t e r n s .  The s e l e c t e d  t r e e s  were f e l l e d  f o r  f u r t h e r  examinat ion 
bu t  be fo r e  f e l l i n g  were propagated bo th  by sexua l  and v e g e t a t i v e  methods. 

Each t r e e  h a s  been examined t o  determine i t s  mean d e n s i t y  and t h e  v a r i a t i o n  
of d e n s i t y  w i th in  t h e  t r e e ,  t r a c h e i d  dimensions,  main chemical  c o n s t i t u e n t s ,  
and pu lp ing  c h a r a c t e r i s t i c s .  

The f i n a l  r e s u l t s  a r e  s t i l l  being eva lua ted  and a  f u l l  r e p o r t  should be 
a v a i l a b l e  l a t e r  t h i s  yea r ,  b u t  some pre l iminary  f i n d i n g s  have been 
publ ished and a r e  worth r e p o r t i n g .  F i r s t l y ,  t h e  d i f f e r e n c e s  i n  pu lp ing  
c h a r a c t e r i s t i c s  between trees were l a r g e r  than expected:  a t  c o n s t a n t  
d i g e s t i o n  c o n d i t i o n s  t h e  pu lp  y i e l d  v a r i e d  from 45.7-50.32 and t h e  kappa 
numbers between 40 and 64. The h igh  y i e l d  pu lps  were no t  n e c e s s a r i l y  t h o s e  
w i th  h igh  kappa numbers. A t  t h e  same d i g e s t i o n  cor ld i t ions  and bea t ing-po in t  
t h e r e  were c o n s i d e r a b l e  d i f f e r e n c e s  i n  pu lp  s t r e n g t h s :  f o r  example, f o r  
one set of c o n d i t i o n s  t h e  t e a r  f a c t o r  v a r i e d  from 125-200 and t h e  b reak ing  
l e n g t h  from 8.0-10.3 km. AlthougIi s t a t i s t i c a l  a n a l y s i s  showed, a s  
expec ted ,  t h a t  t e a r i n g  s t r e n g t h s  and t e n s i l e  s t r e n g t h  were i n v e r s e l y  
r e l a t e d ,  t h e  r e l a t i o n s h i p  was no t  c o n s t a n t .  Ranking a l l  t h e  t r e e s  
accord ing  t o  t h e i r  y i e l d  and s t r e n g t h  c h a r a c t e r i s t . i c s ,  i t  was found t h a t  
f ou r  t r e e s  were i n  t h e  top  t e n  f o r  y i e l d ,  b u r s t i n g ,  t e n s i l e ,  and t e a r i n g  
s t r e n g t h .  There fore ,  it  would appear p o s s i b l e  t o  s e l e c t  trees w i t h  
s u p e r i o r  u s e  c h a r a c t e r i s t i c s  f o r  b reed ing  purposes .  

The d a t a  ob t a ined  i n  t h e s e  t r i a l s  a r e  being c a r e f u l l y  analyzed t o  s eek  
c o r r e l a t i o n s  between t h e  phys i ca l ,  chemical ,  and microscopic  c h a r a c t e r i s t i c s  
of t h e  tree and p r o p e r t i e s .  P r e sen t  i n d i c a t i o n s  a r e  t h a t  a l though  g e n e r a l  
r e l a t i o n s h i p s  e x i s t ,  they  a r e  no t  s u f f i c i e n t l y  p r e c i s e  t o  be  a b l e  t o  
p r e d i c t  pu lp  q u a l i t y  from t r e e  c h a r a c t e r i s t i c s .  However, t h e  in format ion  
ob t a ined  w i l l  be ve ry  v a l u a b l e  i n  moni tor ing proge2y by t a k i n g  increment 
c o r e s .  

INFORMATION WORK 

I n  a d d i t i o n  t o  i t s  i n v e s t i g a t i o n  work, t h e  I n s t i t u t e  r e p l i e s  t o  many 
e n q u i r i e s  each yea r .  It i s  w e l l  equipped t o  do t h i s  because i t s  l i b r a r y  
s u b s c r i b e s  t o  more than  40 j o u r n a l s  which p u b l i s h  in format ion  about  pu lp  
and paper from many p a r t s  of t h e  world. There a r e  ve ry  long  runs  of some 
j o u r n a l s :  I nd i an  F o r e s t e r  from 1876, Paper from 1905, Pulp and Paper 
Magazine of Canada from 1924, and a  complete set of Tappi s i n c e  i t  was 
publ i shed  i n  i ts p re sen t  form i n  1949 a s  w e l l  a s  many e a r l i e r  Tappi 
p u b l i c a t i o n s  i n  Paper Trade Jou rna l .  Add i t i ona l l y  t h e r e  a r e  many r e p r i n t s  
a s  w e l l  a s  annua l  and t e c h n i c a l  r e p o r t s  from many f o r e s t r y  depar tments  and 
r e s e a r c h  i n s t i t u t e s .  



Natura l ly  t h e  I n s t i t u t e  has  e s t ab l i shed  c l o s e  personal  c o n t a c t s  wi th  many 
c o u n t r i e s  through t h e  many v i s i t o r s  rece ived  i n  our London l abo ra to ry ,  
and s e n i o r  members of t h e  Pulp and Paper Sec t ion  spend s e v e r a l  weeks 
every year  on l i a i s o n  y i s i t s  t o  t h e  c o u n t r i e s  f o r  whom w e  a r e  doing work. 
Consequently, we may not  be unique i n  our a b i l i t y  t o  provide information 
on t h e  p rospec t s  f o r  pulp and paper developments, but  we a r e  i n  a  ve ry  good 
p o s i t i o n  t o  do so.  
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TROPICAL HARDWOOD PULPS 

Georg Pe t ro f f  

The f i r s t  r e sea rch  c a r r i e d  ou t  i n  France f o r  t h e  ]?urpose of p u t t i n g  
t r o p i c a l  raw m a t e r i a l s  t o  use ,  d a t e s  f r a n  t h e  beginning of  t h e  cen tury .  

Between t h e  two world wars about 50 woods origina-Ling from A f r i c a ,  
Guyana, Vietnam, and Madagascar had a l r eady  been -;ested. 

These f i r s t  works l e d  t o  t h e  s e t t i n g  up of  a p i lo - t  p l a n t  i n  t h e  Ivo ry  Coast 
which was i n  use  from 1950 t o  1955. This p l a n t  wliich produced 1 0 ~ / d a y  of  
chemical unbleached pulp  and paper  from t r o p i c a l  heterogenous mixed 
hardwoods proved t h a t  it was p o s s i b l e  t o  use  c1ea:rcut t r o p i c a l  f o r e s t s  
f o r  t h i s  purpose. 

Unfortunately t h i s  experiment was stopped a s  t h e  capac i ty  of  t h e  m i l l  was 
t o o  low t o  enable  a s u f f i c i e n t  l e v e l  of p rof i tab i :Li ty  t o  be  reached,  even 
wi th  high French Government a i d .  

The r eo rgan iza t ion  and ex tens ion  o f  t h e  m i l l  were overwhelmed by more urgent  
problems due t o  t h e  Ivory  Coast becoming independent. Nevertheless  it was 
decided t o  e n t r u s t  t h e  CTFT wi th  t h e  p u r s u i t  of  t:ie r e sea rch  i n  t h e  form of  
l abo ra to ry  experiments ,  semi- indus t r ia l  o r  pure ly  i n d u s t r i a l  t e s t s ,  and 
economic s t u d i e s .  These d i f f e r e n t  works l e d  f i n a l l y  t o  t h e  drawing up of  
some i n d u s t r i a l  p r o j e c t s  f o r  implementation i n  Af:rica and Guyana. 

The fol lowing i s  a s h o r t  s y n t h e s i s  o f  t h e  knowledge acqui red  by t h e  CTFT. 

GENERAL CHARACTERISTICS OF TROP1,ZAL WOODS 

Nature o f  Fo re s t s  

Table 1 g ives  some examples of  low-a l t i tude  t r o p i z a l  f o r e s t s  s t u d i e d  by 
t h e  CTFT. These f o r e s t s  a r e  composed e s s e n t i a l l y  of  hardwoods, a l though i n  
t r o p i c a l  America and i n  t h e  Fa r  Eas t  a few softwo2ds a r e  t o  b e  found. For 
each f o r e s t  t h e  number o f  spec i e s  v a r i e s  between 200 and 300 which belong 
t o  about 50 b o t a n i c a l  f a m i l i e s .  The average volwne o f  t h e  t r u n k s  excluding 
t h e  branches v a r i e s  f r m  200 t o  400 m3/ha. This  volume corresponds t o  t r e e s  
wi th  a diameter  of  1 0  cm t o  1.50 m. The average j i ameter  of t h e  t r e e s  i s  
50 t o  55 cm f o r  t h e  f o r e s t s  on t h e  West Afr ican C ~ a s t s ,  35 cm t o  45 cm 
f o r  t h e  Amazonian f o r e s t s  which a r e  cha rac t e r i zed  by s l i g h t l y  sma l l e r  
dimensions. 

319 

PREVIOUS PAGE BtAFllK 



'I'n1,I r 140. 1 : C!I~: i rnct: t~ ' j  s t.ic:s o f  u f c ~  tropic:il  f o r e s t s  st l tdied by - ---..- ---- 
t!ic C.T.F.T. 

- _ _  _ _ _ _ _ _ _ _ _ _ _  _-______._ _ - - _ - - - - - -  
: Ivory : : Frerich : 

Geographical sj.tun t i o n  : GaSon : Co:~r,t : Canicroo~l : Guyana : Ecuador 

Surface areas sur-vcyed 
(hec ta re )  150,000 . 255,000 : . 100,600 80,000 680,000 

: ~ u r v o y  r a t e  ($) 1.33 : 0.125 : 1 1 0.2 

234 I 342 : 277 : Registered. spec ies  : 307 

: Botanical. farni l ies  regis- 
: t e red  5 3 - - 3 7 - 

Botanical genera regis-  
t e r ed  - - 149 1 - 

: Kind of woods : 
Hardwoods ($) 1 00 100 100 : 100 98 
Softwoods ($) 0 0 0 0 2 

: Trunk volume excluding 
branches (m3/ha) 260 205 340 360 : 260 

( 1 )  : : Average diameter ( cm) 5 5 5 5 50 : 44 36 

( 1 )  : Volume of woods lower than the  average diameter = volume of woods higher  than 
t he  average diameter . 
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Wood Costs 

Our eva lua t ions  have been made f o r  f o r e s t s  i n  Af r i ca  and Guyana where t h e  cos t  
of labour  i s  r e l a t i v e l y  higher  than  i n  t h e  Far  Ezst o r  i n  South America. 
They correspond t o  modern ha rves t ing  with heavy ?ngines.  

The cos t  of road cons t ruc t ion ,  excluding one o r  two important a x i s ,  i s  
charged t o  t h e  logging companies. The d i s t ances  between t h e  f o r e s t  and t h e  
m i l l  do no t  genera l ly  exceed 30 t o  40 Km. Logging i s  geared t o  t h e  feeding 
of modern p l a n t s  with 250,000 T/year of pulp with a  wood consumption of 
approximately 1 m i l l i o n  m3lyear. 

I n  t hese  condi t ions  t h e  p r i c e  of wood per  cubic meter a t  t h e  yardmi l l  
could reach $15 t o  $18 i n  1977. These c o s t s  a r e  reasonable compared wi th  
European c o s t s  bu t  they  remain probably higher  than  those  of c e r t a i n  
developing coun t r i e s  where wages a r e  low. 

Ind iv idua l  C h a r a c t e r i s t i c s  of Tropica l  Hardwoods 

Each paper c h a r a c t e r i s t i c  of hardwoods which make up a  t r o p i c a l  f o r e s t  
v a r i e s  considerably from one spec i e s  t o  another .  Nevertheless  when we 
consider  t h e  d i f f e r e n t  t r o p i c a l  f o r e s t s  s tud ied  i n  Af r i ca ,  America, and 
t h e  Far Eas t ,  we f i n d  a  f a i r l y  even s t a t i s t i c a l  d i s t r i b u t i o n  f o r  each 
c h a r a c t e r i s t i c  when t h e  ind iv idua l  spec i e s  a r e  taken  a s  a  whole. 

We should not conclude t h a t  t r o p i c a l  f o r e s t s  have t h e  same va lue  where 
paper i s  concerned, because i n  each f o r e s t  t h e  dominant spec i e s  may cor res -  
pond t o  good o r  bad spec i e s ,  which f a c t  can s e r i o u s l y  a f f e c t  t h e  f i n a l  r e s u l t s .  

Table 2  i l l u s t r a t e s ,  f o r  more than  1,000 samples of t r o p i c a l  hardwoods 
t e s t e d  a t  t h e  CTFT, t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of a few phys i ca l ,  
chemical, morphological,  and paper c h a r a c t e r i s t i c s .  

Figure 1 shows a s  an example t h e  s t a t i s t i c a l  d i s t r i b u t i o n  f o r  f i b r e  length .  

Taken a s  a  whole and compared with European hardwoods, t h e  r e g i s t e r e d  
t r o p i c a l  hardwoods show t h e  fol lowing p a r t i c u l a r i t i e s .  

Wider range of r e s u l t s  
Lower pentosan content  
Higher l i g n i n  content  
S l i g h t l y  longer  f i b r e s  
Lower pulp  y i e l d  
S l i g h t l y  h igher  t e a r  

I n  c e r t a i n  f o r e s t s  t h e  wood i s  of a  higher  dens i ty ,  which l eads  t o  a  shor ten ing  
of t h e  breaking l eng th  and of t h e  b u r s t  of papers  and t o  an inc rease  i n  t h e  
bulk and t h e  po ros i ty .  



Table No. 2 : S t a t i s t i c a l  d i s t r i b u t i o n  of a  few c h a r a c t e r i s t i c s  f o r  
1000 samples of  t r o p i c a l  hardwoods. 

S t a t i s t i c a l  d i s t r i b u t i o n  Minimwn : Main c l a s s  : Maximum 

: Dens i ty  of  d r i e d  woods 

Chemical composi t ion.  : - 
: Alcohol  benzene e x t r a c t  $ 
: Water e x t r a c t  $ 
: Lign in  $ 
: C e l l u l o s e  $ 
: Pentosans  $ 
: S i l i c a  $ 

: F i b e r  l c n  , t h  rm 
: Width ( m u  7 
: Flcxib i l . i i ;y  m1;j.o $ 

: P u l p  y j  old ( l t r c l ~ ' t - ~ : : ~ ~ ~ : ~  25) 
: T)rcnltin:: Lony;tli (10 0 ~ 1 i )  
: Burs t  (40 o f j 1 0  

: Tear ( 4 0  O S R )  
: 1 3 1 1 1 1 ~  (40 ~ Z l i )  
---------------- . - ---- - 



Figure  1. S t a t i s t i c a l  d i s t r i b u t i o n  
of  t h e  " iber  l eng th  (1,014 t r o p i c a l  
spec i e s  1.  
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Appropriate Processes  

It i s  poss ib l e  t o  ob ta in  unbleached o r  bleached chemical pu lp  by t h e  soda 
process   r raft) from any t r o p i c a l  wood. 

The ac id  s u l f i t e  process  g ives  l e s s  c o n s i s t e n t  r e s u l t s .  I n  f a c t ,  although 
most t r o p i c a l  spec ies  could be t r e a t e d  by t h i s  process  some hardwoods a r e  
d i f f i c u l t  t o  impregnate and g ive  l e s s  d e l i g n i f i e d  pulps.  We even f i n d  a  
few spec i e s  apparent ly  uncookable by t h i s  process .  

Unbleached n e u t r a l  s u l f i t e  pu lp  can be obta ined  from a l l  woods, b u t  t h e  
pulp  q u a l i t y  v a r i e s  considerably from one spec i e s  t o  another .  These 
pulps remain gene ra l ly  very l i g n i f i e d  and consume p r o h i b i t i v e  q u a n t i t i e s  
of  ch lo r ine  when bleaching.  

Only low d e n s i t y  and c l e a r  woods a r e  ab l e  t o  g ive  co ld  soda pulps o r  
mechanical pulps of  acceptab le  q u a l i t y .  

Cor re l a t ion  Between Wood and Pulp C h a r a c t e r i s t i c s  

Theore t i ca l ly ,  methematical r e l a t i o n s  e x i s t  between wood d e n s i t y  and c e r t a i n  
morphological f i b e r  c o e f f i c i e n t s .  For example, t h e  r e l a t i o n  between wood 
dens i ty  and t h e  f l e x i b i l i t y  r a t i o  i s  a  second degree func t ion ,  of which 
graphic r e p r e s e n t a t i o n  i s  a  parabole ( s e e  annexes) .  

Experimental r e s u l t s  r e v e a l  a  d i s t r i b u t i o n  of p o i n t s  s i m i l a r  t o  t h e  
t h e o r e t i c a l  d i s t r i b u t i o n .  

The use of wood dens i ty  o r  of t h e  f l e x i b i l i t y  r a t i o  l e a d s ,  i n  t h e  end, t o  
almost equiva len t  r e s u l t s  dur ing  research  i n t o  c o r r e l a t i o n s  between pulp  
o r  paper c h a r a c t e r i s t i c s .  Taking our experience i n t o  account ,  we be l i eve  
it i s  advisable  t o  r e t a i n  t h e  d e n s i t y  a s  t h e  eva lua t ion  c r i t e r i o n .  

We observe c o r r e l a t i o n s  of a  r e l a t i v e l y  high l e v e l  ( r  equal  t o  o r  g r e a t e r  
than  0.7)  between wood dens i ty  and t h e  fol lowing c h a r a c t e r i s t i c s  : 

Breaking l e n g t h  
Burst 
Folding endurance 
Poros i ty  
Bulk 
Pulp f r eeness  be fo re  b e a t i n g  
Dryness o f  pressed  pulps 

Tearing r e s i s t a n c e  i s  i n  c o r r e l a t i o n  wi th  both f i b e r  l e n g t h ,  which de f ines  
f e l t i n g ,  and c e l l  w a l l  t h i c k n e s s ,  which r e s i s t s  breaks during bea t ing .  
On t h e  o the r  hand it i s  necessary t o  make a  d i s t i n c t i o n  between i n i t i a l  
t e a r  be fo re  bea t ing  and t e a r  a f t e r  bea t ing .  

It i s  more d i f f i c u l t  t o  e s t a b l i s h  c l o s e  c o r r e l a t i o n s  between chemical wood 
composit ion  and cooking r e s u l t s  ( y i e l d ,  kappa, chemical consumption). A t  
t h e  present  time t h e  c o r r e l a t i o n  va lues  r a r e  r a t h e r  low ( r  inc ludes  
between 0.3 and 0.5) .  



1.ETHOD FOR STUDY OF TROPICAL HETEROGENEOUS FORESTS 

The f i r s t  l abo ra to ry  cookings o f  heterogeneous mixtures  from Gabon and 
t h e  Ivory  Coast woods were made i n  1946. It very qu ick ly  became apparent  
t h a t  any wood mixture  o r i g i n a t i n g  from t h e s e  reg ions  could be  t r e a t e d  by 
t h e  Kraf t  process .  S ince  t h i s  t ime ,  new f o r e s t s  have been t e s t e d  by t h e  
CTFT according t o  techniques which were p rog re s s ive ly  improved. 

Cons t i t u t i on  of  a Representa t ive  Mixture of t h e  Fo re s t  

I n i t i a l l y ,  we only s tud i ed  a  wood mixture  which was r e p r e s e n t a t i v e  of  t h e  
f o r e s t ,  by grouping t h e  main spec i e s  i n  p ropor t i on  t o  t h e i r  f o r e s t  volume. 
One of t h e  f i r s t  problems was t o  decide on t h e  number of  spec i e s  t o  s e l e c t .  
The more we inc rease  t h e  number of  s p e c i e s ,  t h e  more asympto t ica l ly  we 
approach t h e  f i n a l  r e s u l t .  

T h e o r e t i c a l l y ,  we should use  a l l  t h e  woods, t h a t  i s  t o  say 200 t o  300 
spec i e s .  P r a c t i c a l l y ,  we can considerably l i m i t  t h i s  number. Table 3  
g ives  a s  an example t h e  evo lu t ion  o f  t h e  breaking  l e n g t h  f o r  an Ivory  
Coast f o r e s t  depending on t h e  number o f  s e l e c t e d  spec i e s .  We see  t h a t  t h e  
margin of e r r o r  hard ly  exceeds 1 pe rcen t  f o r  40 woods r e p r e s e n t i n g  70 percent  
of t h e  f o r e s t  volume. For 80 woods r ep re sen t ing  e 5  pe rcen t  of  t h e  f o r e s t  
volume, t h e  margin of  e r r o r  i s  p r a c t i c a l l y  nonexis ten t .  

F i n a l l y ,  we t h i n k  it i s  p o s s i b l e  t o  c o n s t i t u t e  a  s u f f i c i e n t l y  r e p r e s e n t a t i v e  
f o r e s t  mixture  by s e l e c t i n g  a  number o f  spec i e s  corresponding t o  70 t o  
80 pe rcen t  of t h e  t o t a l  f o r e s t  volume t o  be  represen ted .  

Incidence of  Heterogenei ty  on Pulp Qua l i t y  

The r e p r e s e n t a t i v e  mixture  o f  t h e  f o r e s t  can only r ep re sen t  a  t h e o r e t i c a l  
case  of wood harves t ing .  P r a c t i c a l l y ,  t h e  woods which a r r i v e  every  day a t  
t h e  m i l l  r ep re sen t  a  v a r i a b l e  mix ture ,  and it i s  important  t o  c a l c u l a t e  
t h e  e x t e n t  of t h i s  v a r i a b i l i t y  which t h u s  r e s u l t s ,  s o  a s  t o  determine t h e  
v a r i a b i l i t y  of  t h e  pulp q u a l i t y .  

For t h e  f o r e s t s  which were f i r s t  t e s t e d ,  we t r i e d  t o  c a l c u l a t e  t h i s  
v a r i a b i l i t y  by s e l e c t i n g  s p e c i f i c  wood mixtures  which correspond t o  an 
i nc rease  i n  t h e  percentage of good o r  poor q u a l i t y  spec i e s .  It quick ly  
became apparent  t h a t  t h i s  method was imperfect  and t h a t  it w a s  p r e f e r a b l e  
t o  use s t a t i s t i c a l  methods l i n k i n g  t h e  r e s u l t s  ob ta ined  from f o r e s t  
i nven to r i e s  t o  paper s t u d i e s  c a r r i e d  ou t  i n  t h e  l abo ra to ry .  

An important f a c t  has  f a c i l i t a t e d  t h i s  kind of  s tudy.  We have i n  f a c t  
observed t h a t  when we t r e a t  a  t r o p i c a l  wood mixture ,  t h e  f i n a l  r e s u l t  
could be c a l c u l a t e d  wi th  a  smal l  margin of  e r r o r  from t h e  i n d i v i d u a l  
r e s u l t s  of each s e l e c t e d  spec i e s  t r e a t e d  under t h e  same condi t ions .  

We do no t  s t a t e  t h a t  experimental  va lues  and c a l c u l a t e d  va lues  co inc ide  
wi th  each o t h e r ;  on t h e  con t r a ry ,  we t h i n k  t h a t  dur ing  a  t rea tment  i n  
mixture ,  t h e  d i s t r i b u t i o n  o f  t h e  r e a c t i v e s  and t h e  r e a c t i o n s  a r e  r a t h e r  com- 
p l i c a t e d  and d i f f i c u l t  t o  expla in .  We a r e  simply s ay ing  t h a t  t h e  f i n a l  
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Tab le  No. 5 : C o r r e l a t i o n s  between t h e  expcr i rncntnl  v n l u e s  o f  8 wood 
mixture  and t h e  vn lue s  c a l c u l a t e d  from i n d i v i d u a l  t e c h  
on t h e  s p e c i e s  c o n s t i t u t i n l :  t h i s  mix ture .  ( s t u d y  c a r r i e d  
o u t  by J. NAVARRO, FAO) 

C h a r a c t e r i s t i c s  r 

0.986 Yie ld  
0.973 Kappa 
0 947 : Breaking Length 

: Burs t  0.946 : Bulk 0.984 

Tnhlc No. G : Standa rd  d e v i a t i o n  of  t h e  d e l i g n i f i c a t j . o n  i n d e x  :~ncl o f  thc! 
b renk ing  l e n g t h ,  when we t a k e  from t h e  f o r e s t  at; ~-undurn t h e  
n e c e s s a r y  quan t i t . i . e s  of woods f o r  t h e  provi.s.ion o f  a 
250.000  ea ear pu lp  m i l l  d u r i n g  a few hou r s  o r  a few days. 

Standard  d c v i . . - ~ t j  o l i  (? ',;A 
l 'rovisi.on -- 

: t ime u n i t s  : I)clir;liif j .ca t ion l ? l . t > : ~ k  i 
i ndcx  I,cII~.;! 11 

--- 
8 11 4.91 5.21 

16 11 1.01 4.1? 
24 h  3.54 4.19 
10 11 3.12 3. c;o 
72 11 ?.7G 7.13 
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r e s u l t  i s  not  very d i f f e r e n t  from t h e  ca l cu la t ed  va lue  a s  shown i n  t a b l e  4. 
Table 5 shows t h a t  a  very c lose  c o r r e l a t i o n  e x i s t s  between ca l cu la t ed  and 
experimental r e s u l t s  ( r  p r a c t i c a l l y  = 1 ) .  

I n  t h e s e  condi t ions  we can in t roduce  both f o r e s t  d a t a  and d a t a  provided by 
ind iv idua l  paper t e s t s  of woods i n t o  a  computer. We a r e  t h u s  ab le  t o  reso lve  
a l l  s o r t s  of problems r e l a t i n g  t o  t h e  v a r i a b i l i t y  of pulps.  

We have t h e r e f o r e  e s t ab l i shed ,  f o r  African pulp  m i l l s  producing 250,000  y year, 
t h e  s tandard  dev ia t ion  of  a  few c h a r a c t e r i s t i c s  when t h e  necessary woods 
f o r  a  few days o r  a  few hours of  product ion a r e  harves ted  a t  random i n  t h e  
f o r e s t .  The s tandard dev ia t ion  under t h e s e  condi t ions  i s  between 2 and 
4 percen t ,  which va lues  a r e  considered a s  acceptable  by manufacturers 
( t a b l e  6 ) .  

KWFT PULPS--COl@ARISON OF VARIOUS TROPICAL FORESTS 

Laboratory Tes t s  

Among t h e  f o r e s t s  s tud ied  by t h e  CTFT, n ine  were s e l e c t e d  so  a s  t o  ca r ry  
out f a i r l y  ex tens ive  comparisons. The f o r e s t s  a r e  loca ted  i n  t h e  Ivory 
Coast, Gabon, The Cameroons, Guyana, Indonesia ,  Ecuador, Colombia, 
Surinam, and New Guinea. 

A s  a  r e fe rence  t e s t ,  we a l s o  s tudied  a  French hardwood mixture inc luding  
b i r c h ,  pop la r ,  beech, and oak. 

Table 7 g ives  some of t h e  p r i n c i p a l  r e s u l t s  obtained dur ing  t h e s e  s t u d i e s .  

The t r o p i c a l  mixtures  t e s t e d  a r e  composed of wood, of which t h e  average 
s p e c i f i c  g r a v i t y  i s  v a r i a b l e .  The New Guinea and Ecuador mixtures  a r e  
cha rac te r i zed  by a  lower dens i ty  than  t h a t  of t h e  French mixture,  while  
t h e  o the r  t r o p i c a l  mixtures a r e  of a  higher  d e n s i t y ,  p a r t i c u l a r l y  those  
of Guyana and Surinam. 

A l l  t h e  t r o p i c a l  mixtures  have longer f i b e r s  than  t h e  French mixture.  
They a r e  r i c h e r  i n  l i g n i n  and conta in  much l e s s  pentosan. 

The t r o p i c a l  pulps can be bleached by c l a s s i c a l  processes;  wi th  CEDED 
bleaching some mixtures show a lower degree of b r igh tness  t h a n  t h a t  of 
French mixtures.  Nevertheless ,  wi th  t h e  exception of t h e  New Guinea 
mixture t h e  d i f f e rences  a r e  very small.  

When CEDPD bleaching i s  used, a  method which seems t o  be  more s u i t a b l e  f o r  
t r o p i c a l  woods, very good r e s u l t s  a r e  obtained,  and it i s  p o s s i b l e  t o  
exceed 90' b r igh tness .  

A l l  t h e  t r o p i c a l  mixtures a r e  cha rac te r i zed  by g r e a t e r  t e a r i n g  r e s i s t a n c e  
than  t h a t  of t h e  French mixture,  p a r t i c u l a r l y  those  from Af r i ca ,  Guyana, 
and Surinam. 



Table h'o. 7 : Comparative r e s u l t s  o f  nine tropical  foreats  and of a French hardwood-mixture. 
(kraft treatment - Laboratory t e s t s )  

Average wood density 

BiSer length : 1.50 i 1.45 1.70 1.50 1.30 

Alcohol benzene extract 46 : 1.7 : 2.3 : 2.3 : 2.8 : 3.0 : 2.1 : 1.2 : 5.8' : 1.5 : 2.2 : 
'later extract  $ : 2.2 : 2.1 : 1.8 : 2.2 : 2.7 : 2.7 : 2.7 : 2.7 : 1.0 : 3.3 : 
Lignin $ : 30 : 29.5: 32 : 29.9 : 31.8 : 27.9: 28.6: 27.1 : 28.8: 23 : 
Pentosans $ : 15.7 : 14.9 : 14.5 : 13.6 : 15.9 : 16.3 : 14.7 : 14.5 : 15.0 : 25.6 : 
~ e l l u l o s e  $ : 43.3 : 47.1 : 45.6 : 47.4 : 43.1 : 44.6 : 47 : 43.9 : 47.7 : 4C.O : 
Ashes $ : 1.5 : 0.6 : 1.4 : 0.9 : 1.1 : 1.2 : 1.2 : 1.0 : 1.6 : 0.5 : 

16 i 17 17 17 : Ha20 when cooking (Kappa 20-25) i 17 : : 17.5 15.5 17 15.5 14.5 

91ea:heZ pulp y'seld $ : 42.3 : 44.1 : 40.4 : 42.4 : 43.0 : 46.0 : 46.5 : 43.7 : 46.7 : L3.3 : 

aleached pulp characterist ics  
(40 ~ s a j  : 

Breaking length : 7200 : 8000 : 6900 : 6500 : 7200 : 7300 : 6800 : 6700 : 7300 : 7700 : 
: w s  t : 45 : 50 : 39 : 33 : 38 : 43 : 40 : 36 : 44 : 53 : 
Tsar  : 120 : 116 : 110 : 128 : 108 : 90 : 100 : 1!8 : 9C : 78 : 
0 3 i c i t y  : 64 : 63.5 : 62 : 65 : 64 : 65 : 60 : 63 : 60 : 63 : 

(1 ) Xixture of Birch, Beech, Poplar, Oak. 



The breaking l eng th  and b u r s t i n g  vary from one mixture t o  another  and some- 
t imes g ive  lower values than  those  obtained from French mixtures .  

I f  t h e  curves of t h e  t e a r i n g  versus  t e n s i l e  s t r e n g t h  a r e  considered ( f i g .  2 ) ,  
t h e  t r o p i c a l  mixtures  a r e  c l a s s i f i e d  somewhere between t h e  European hard- 
wood and softwood pulps.  The mixtures from Afr ica ,  Guyana, and Surinam a r e  
p a r t i c u l a r l y  w e l l  placed i n  t h e s e  types  of curves. 

Many t r o p i c a l  mixtures  conta in ing  dense woods produce bulky and porous 
paper.  

Storage of Tropica l  Woods 

Tes t s  were made on s t o r i n g  t r o p i c a l  woods i n  t h e  open a i r  i n  a t r o p i c a l  
c l imate.  I n  a l l  cases  they  concern round logs  stocked i n  small  p i l e s  i n  
t h e  f o r e s t ,  unprotected,  f o r  1 3  months. 

Many logs  had a normal l e v e l  of r e s i s t a n c e  t o  decay b u t  c e r t a i n  very 
a l t e r a b l e  spec ie s  showed a high weight l o s s  i n  woods considered t o  be 
anhydrous. This  l o s s  i s  not iceable  a f t e r  1 o r  2 months, and can reach  
30 percent  a f t e r  1 3  months. 

A t  t h e  same t ime as a weight l o s s ,  a decrease i n  t h e  paper q u a l i t y  was 
not iced ,  t h e  t e a r i n g  r e s i s t a n c e  and fo ld ing  endurance be ing  t h e  most 
a f f e c t e d  c h a r a c t e r i s t i c s  ( l o s s  can reach 50 p c t  of t h e  i n i t i a l  va lues  wi th  
t h e  most a l t e r a b l e  spec ie s  ) . 
Nevertheless it i s  poss ib l e  f o r  a heterogeneous mixture of woods t o  be 
stocked f o r  3 months without any se r ious  damage but  it i s  b e t t e r  not  t o  
exceed t h i s  period.  

Un t i l  t h e  present  t ime it has no t  been poss ib l e  t o  at tempt s to rage  of woods 
i n  chips.  

I n d u s t r i a l  Tes t s  

Af ter  some semi- indus t r ia l  p i l o t  t e s t s  we took p a r t  i n  some i n d u s t r i a l  
t r i a l s  us ing  r e p r e s e n t a t i v e  mixtures from a few t r o p i c a l  f o r e s t s .  Apart 
from t h e  R I C C  experiment which l a s t e d  f o r  4 yea r s ,  t h e s e  a r e  gene ra l ly  
experimental manufactures of a few days1 product ion from 1,000 t o  5,000 t o n s  
of wood i n  var ious  p l a n t s  producing hardwood pulps. Three t o  6 months 
were l e f t  between t h e  f e l l i n g  of woods and t h e  i n d u s t r i a l  t e s t s .  

I n  t h e  case  of unbleached product ion we a l s o  produced wrapping paper on 
i n t e g r a t e d  paper machines. 

I n  t h e  case of bleached production t h e  pulp w a s  pu t  i n t o  b a l e s  and marketed. 

The bleaching s e c t i o n s  were modern and enabled t h e  use of c h l o r i n e  d ioxide  
with t h e  exception of t h e  Indonesia  mixture f o r  which the  b leaching  was 
CEHH . 



Tear 
Figure  2. Tear-breaking l eng th  

curves Laboratory bleached pulps .  

Canadian Spruce 
Pinus mari t ima (French Pine ) 
French hardwoods 
Ivory Coast 
Cameroon 
Gabon 
Sur  i n m  
Indones ia  
Colombia 
New Guinea 
Ecuador 
French Guyana 



------ ..-- -.----,.. -.-------- 

600 m3 Epj-coa 

European h a r d  woods 400 1n3 

.Table N O . ~  : Charact-crist-ics of vnbleachcd wrzpping paper obtained 
on an i n d u s t r i a l  s c d e .  

C h a r a c t e r i s t i c s  
: Breakixig : 

' Tear 
: weight/& : l e n g t h  : Burst 

: (M+c) 
: (IW) -- : . - : 2 

2 

' Tropical. ~ ? . p e r ~ .  . --- 
: Ivory Coast mixture 72 : 6120 : 30.5 125 

40 : 5400 : 27.5 122 

: 75 5750 : 2 8 I 1 b+ Congo mixture 

: - - - - - - - - - - . - - - - - - - - - -- - - . - - - - - - - - - 

: Ref erel!ce papers.  

80 $ beech - 20 % pine 72 2 8 

: French Iblsritine pine : 60 & 05 :5400 h 6200: 30 & 39 : 35 B 140 : 



During t h e s e  t r i a l s  various equipment was used, which enabled a few 
observat ions.  

On t h e  whole, drum debarking was d i f f i c u l t  t o  ad jus t .  It was necessary 
t o  shor ten  it i n  order  t o  avoid t o o  much broken wood. So, l a r g e  p ieces  of 
bark were allowed through. 

The cambio debarkers were more e f f i c i e n t  f o r  logs  of small  and medium 
s i z e s  but  it was not poss ib l e  t o  use them f o r  wide diameter logs .  

During these  d i f f e r e n t  t e s t s ,  t h e  logs wi th  wide diameters were e i t h e r  
el iminated o r  sawn i n  qua r t e r  and more o r  l e s s  t r e a t e d  with bark. 

D i f f i c u l t i e s  during chipping were observed wi th  African mixtures ,  and 
above a l l  with those  from Guyana which included heavy woods. It was 
necessary on t h e  one hand t o  increase  t h e  angle of t h e  knives t o  avoid 
tu rn ing  t h e  edge, and on t h e  o the r  hand t o  change t h e  knives f o r  
sharpening very f requent ly  ( t a b l e  8 ) .  

The cooking, bleaching,  wet l a p  sec t ion ,  drying,  and ba l ing  gave r i s e  t o  
no d i f f i c u l t y ,  but  it was necessary t o  make some adjustments r e l a t i n g  t o  
t h e  na ture  of t h e  wood t e s t e d .  

Neither foam problems o r  bad drainage were not iced.  The speed o f t h e  pulp 
i n  t h e  d i f f e r e n t  s ec t ions  was normal and i n  a few cases  even higher  than  
t h e  usual  speeds. The e l iminat ion  of bark res idues  was done c o r r e c t l y  
wi th  cen t r i c l eane r s .  

It was not poss ib l e  i n  so  shor t  t r i a l s  t o  make worthwhile observat ions on 
t h e  regenera t ion  of black l i q u o r s .  We can simply say t h a t  f o r  a running 
per iod  of a few days no p a r t i c u l a r  d i f f i c u l t i e s  arose.  

No i r r e g u l a r  v a r i a t i o n s  of pulp q u a l i t y  were observed although samples of 
pulp were o f t en  taken during production. 

Tables 9 and 10  give t h e  main c h a r a c t e r i s t i c s  of unbleached papers and 
bleached pulp obtained during t h e  course of  t hese  t e s t s .  These t a b l e s  a l s o  
compare t h e  paper and pulp c h a r a c t e r i s t i c s  obtained f r m  European o r  
North American woods. 

The t r o p i c a l  wrapping papers a r e  of higher  q u a l i t y  than  those  of paper 
including 80 percent  beech. They showed a s l i g h t  resemblance t o  some 
French p ine  papers but  never the less  cannot a t t a i n  t h e  q u a l i t y  of 
Scandinavian & a f t  papers .  

Tropica l  bleached pulps can be compared wi th  t h e  European o r  North American 
hardwood pulps.  The breaking l eng th  and b u r s t  a r e  sometimes a l i t t l e  
poorer ,  bu t  t h e  t e a r i n g  r e s i s t a n c e  remains h igher ,  though lower than  t h e  
values noted i n  l abora to ry  o r  semi-industr ial  t e s t s .  This i s  due t o  t h e  
shor t  amount of t ime allowed f o r  t h e  t e s t s  which do not  enable an optimum 
adjustment t o  manufactures. I n  s p i t e  of t h i s  handicap, t h e  pulps were marketed 



!??blc No. 10 : C h a r a c t e r i s t i c s  of bleached i n d u z t r i a l  pulps.  - 
(samples t a k e n  from ijciles of d r i e d  pulp - Jokro t e a t i n g )  

Ereak in~ ; :  : Alcohol: 
: Cha.rac t e r i s  t i c s  (40 OSR) : Erightness :  . Length : Burst : Tear :Bulk : Opacity: e t h e r  : 

: extraci ; :  

: Tropic21 pulps.  
(2) Gabonese n i x t u r e  : 92 : 7800 : 53 : 76 1.30 65.5 0.10 : 

: Ivory  Coast mixture I 89 1 7000 I 39 I 87 I 1.40 I G7 1 0.20 1 
( 4  Guyana mixture : 9 0 . 5  6000 : 35 ' 80 : 1.45 . ' 69 0.10 : 

( 5 )  
c*, : Indones ia  mixture 80 ( )  6100 33 I 1 0 2  1 1 . 4 5  1 67 1 0 . 5 0  1 

Reference pulps.  

: French beech : 90 : 6000 : 39 : 65 : 1.40 : 67 : 0.15 : 

Canadian hardwoods 64 0.20 : 90 f 6800 j 42 66 1.45 . 
: Scandinavian b i r c h  : 90.5 : 9100 : 64 : 64 : 1.10 : 55 : 0.25 : 

Southernhardwoods (u.s.A) 89 7500 42 73. 1-33 . 63 : 0 . 4 0 :  

(1 ) CEAH b leaching  
( 2 )  Tes t  r e a l i z e d  i n  Sweden at t h e  Skutskar  m i l l  ( ~ t o r a  Co.) 
(3) Tes t  r e a l i z e d  i n  TaSwan a t  t h e  Chung Hwa m i l l  
(4) Tes t  r e a l i z e d  i n  f i a n c e  a t  t h e  Cel lu lose  d f A q u i t a i n e  m i l l  
( 5 )  Tes t  r e a l i z e d  i n  Indonesia  a t  t h e  experimental  L.P.S. m i l l  (Ehndoung) 



with success and gave good r e s u l t s  f o r  the  manufacture of p r i n t i n g ,  wr i t ing ,  
t i s s u e ,  dup l i ca ta ,  coated papers, e t c .  It was poss ib le  t o  s u b s t i t u t e  
t r a d i t i o n a l  hardwood pulps with an equivalent  amount of t r o p i c a l  pulps 
without se r ious ly  a l t e r i n g  t h e  beat ing  condit ions and t h e  f i n a l  paper 
c h a r a c t e r i s t i c s .  We even f requent ly  noticed t h a t  the  wet sheet  reac ted  
b e t t e r  on t h e  machine when t r o p i c a l  pulps were used. 

SEMI-CHEMICAL AND MECHANICAL PULPS FOR 
THE MANUFACTURE OF CORRUGATED PAPER 

Our experience i s  more r e s t r i c t e d  i n  t h e  f i e l d  of manufacturing semi- 
chemical pulps. 

The labora tory  t e s t s  show t h a t  t h e  t r o p i c a l  mixtures t r e a t e d  with neu t ra l  
su lph i t e  a r e  more d i f f i c u l t  t o  de l ign i fy  than t h e  European hardwoods. 

When t r e a t e d  equally,  they give pulps with a higher Kappa number which 
necess i t a t e s  i n  a few cases a l i t t l e  more energy when def iber ing .  Never- 
t h e l e s s ,  it i s  genera l ly  poss ib le  with 16 percent s u l p h i t e  t o  obtain 70 t o  
75 percent  pulp y i e l d  and t o  manufacture corrugated paper which is s t rong  
enough f o r  making cardboard boxes. 

D i f f i c u l t i e s  can appear when f l u t i n g  a s  shown by t h e  following i n d u s t r i a l  
t e s t  using mater ia l  from Gabon f o r e s t .  

The Gabon woods were grouped i n t o  t h r e e  mixtures: 

- Mixture No. 1 - Representative of  t h e  f o r e s t  (average dens i ty  0.60) 
- Mixture No. 2 - The proport ion of dense and hardy woods was 

increased (average dens i ty  0.70). 
- Mixture No. 3 - The very hard and dense woods were excluded 

(average dens i ty  0.50). 

Each mixture was t r e a t e d  under t h e  same condit ions using 16 percent mono- - - 

su lph i t e .  The pulp was defibered,  ref ined,  and paper was produced i n  
118 g/m2. 

There were no d i f f i c u l t i e s  up t o  t h i s  s t age  of manufacture. 

I f  we consider c h a r a c t e r i s t i c s  such as  burs t ing ,  breaking length ,  and r i n g  
crush, t h e  t h r e e  papers can be c l a s s i f i e d  i n  t h e  same order a s  wood density-- 
t h e  se lec ted  mixture with low densi ty  species  gave t h e  b e s t  paper, and 
t h e  mixture of dense woods gave t h e  poorest ,  thou.gh t h e  c h a r a c t e r i s t i c s  
should be t h e o r e t i c a l l y  s u f f i c i e n t  f o r  use in  cardboard boxes ( t a b l e  11). 

It was su rp r i s ing  t o  observe t h a t  during the  f l u t i n g ,  t h e  papers were 
c l a s s i f i e d  i n  reverse  order. The paper from se lec ted  woods evidenced f l u t e  
breaks and it was necessary t o  g r e a t l y  reduce the  speed of t h e  machine. 
On t h e  o ther  hand, t h e  paper from hard and dense woods passed through a t  maxi- 
mum speed and produced very good corrugated paper. 



Table  No. 1 1  : C h a r a c t e r i s t i c s  o f  c o r r u g a t e d  p:ipers o b t a i n e d  from 
3 Gabonese wood mix tures .  
- No. 1 : R e p r e s e n t a t i v e  mix ture  of. t h e  f o r e s t :  
- No. 2 : i n c r e a s e  i n  dense  wood p r o p o r t i o n  
- No. 3 : exc lud ing  dense woods 

Wood mix ture  

: Wood d e n s i t y  0.6 : 0'7 - 

: Breaking l e n g t h  : M 6640 9850 : 7140 . - 
C : 2465 : 2400 : 3230 : - 

: .--------- : .-------- - : ---------- : 
: 4800 : 4520 : 6540 , Aver. ' 4700 

T e a r  : M 

C 80 81 : 58 : 
: .--------- : --------- : --------- : 

Aver. : 67.5 : 65.5 : 52 5 7 
CMT : M 
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It was supposed t h a t  t h i s  r e s u l t  was due t o  t h e  presence o f  longer  f i b e r s  
i n  t h e  dense mixture,  bu t  t h i s  hypothesis  was not  e n t i r e l y  v e r i f i e d ,  
because t h e  in t roduc t ion  of softwood f i b e r s  i n t o  t h e  s e l e c t e d  wood mixture 
d id  not  improve t h e  passing through of t h e  co r ruga t ing  machine. 

Taking t h i s  odd r e s u l t  i n t o  account ,  we in tend  i n  t h e  near  f u t u r e  t o  make 
an experiment with t h e  wood mixture from Guyana which is  p a r t i c u l a r l y  hard 
and dense. 

With regard t o  t h e  mechanical pulps we do not  t h i n k  t h a t  it i s  poss ib l e  a t  
t h e  p re sen t  t ime t o  use  t r o p i c a l  f o r e s t s  without  s e l e c t i o n  of t h e  spec ies .  
But an i n d u s t r i a l  t e s t  made us ing  a  l i g h t  wood o f t e n  found i n  n a t u r a l  
f o r e s t ,  t h e  Umbrella t r e e ,  gave r e l a t i v e l y  acceptab le  r e s u l t s ,  i n  s p i t e  of 
t h e  f a c t  t h a t  t h e  pulp w a s  a l i t t l e  dark and needed t o  be l igh tened .  

PAPER INDUSTRIALIZATION I N  FRANCOPHONE COUNTRIES 
OF AFRICA AND FRENCH GUYANA 

The a c t i ~ n  of l o c a l  governments i n  conjunct ion with t h e  CTFT re sea rch  has  
f a c i l i t a t e d  t h e  drawing up of some p r o j e c t s  i n  t h e  Francophone coun t r i e s  of 
Afr ica  and i n  Guyana. Four of them concern t h e  s e t t i n g  up of  modern m i l l s  
f o r  t h e  product ion of bleached pulp  from n a t u r a l  f o r e s t s .  The g r e a t e r  p a r t  
of t h e  pulps would be designed f o r  export .  Two p r o j e c t s  have a l r eady  been 
decided on and a r e  i n  progress  i n  t h e  Cameroons and i n  Gabon. Medium term 
dec i s ions  could be taken  i n  t h e  Ivory Coast and Guyana. 

CONCLUSION 

The r e sea rch  i n t o  t h e  use of paper  produced from t r o p i c a l  f o r e s t s  has  con- 
s ide rab ly  improved during t h e  las t  few yea r s .  Transformation i n t o  
chemical o r  semi-chemical pu lp  seems t o  be t e c h n i c a l l y  poss ib l e .  The 
use  of n a t u r a l  f o r e s t  only r ep re sen t s  t h e  per iod  of a  few y e a r s  i n  t h e  
m i l l ' s  l i f e  because it i s  recognized t h a t  i n  t h e  long  run  it is  more 
advantageous t o  r ep l ace  t h i s  f o r e s t  with a r t i f i c i a l  r e a f f o r e s t a t i o n s .  
But i nve r se ly ,  it appears t h a t  it would be unreasonable no t  t o  p r o f i t  
from t h e  ex i s t ence  of t h i s  f o r e s t ,  p a r t i c u l a r l y  when new l and  i s  not 
a v a i l a b l e  f o r  p l an ta t ions .  

The f i r s t  p r o j e c t s  which w i l l  be c a r r i e d  out  i n  t h e  t r o p i c a l  reg ions  w i l l  
meet some d i f f i c u l t i e s ,  i n  p a r t i c u l a r  wi th  regard  t o  t h e  l a c k  of sub- 
s t r u c t u r e  and t h e  t r a i n i n g  of workers. However, t h e r e  i s  a  l o t  a t  s t ake  
and it t h e r e f o r e  deserves s e r ious  e f f o r t s .  



Appendix 1 

Rela t ionship  and c o r r e l a t i o n  between t h e  wood dens i ty  and t h e  f l e x i b i l i t y  
r a t i o .  

Theore t ica l  Rela t ionship  I I 
[ , ' I  

I 
Supposing t h a t  a  f i b e r  has a square s e c t i o n  I 
and neg lec t ing  t h e  r ays  and t h e  v e s s e l s ,  
we have : ,@ 

w = f i b e r  l eng th  
c  = lumen width 
F  = f l e x i b i l i t y  r a t i o  = L% 

W 
1 

d = wood dens i ty  i @ I 1 

k = dens i ty  i n s i d e  t h e  f i b e r s  & J  
3 2 3 3 2  -4 I I 

( W  - c W )  k - ( W  - w F 1 0  ) k = - F210-4k I 4 d = - 
W 

3 
W 

3 

The ca l cu la t ions  based on c y l i n d r i c a l  f i b e r s  l ead  t o  similar r e s u l t s .  



Corre l :~ t  ion 

T11c fol lowing graph r e p r e s e n t s  t h e  experimental  r e s u l t s  from about 
110 woods ( k  = 1 . 4 ) :  

F 

Theoretical curve 
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UTILISATION OF BLEACIIED SULFATE 

TROPICAL HARDWOOD PULP 

R.  L. S t aepe l ae re  and P. L. Ginsburger 

INTRODUCTION 

Guyane is a French department s i t u a t e d  i n  South America, c l o s e  t o  t h e  
Equator and t o  t h e  n o r t h  of Braz i l .  Its t o t a l  s u r f a c e  a r e a  is 35,000 square 
m i l e s ,  and i t  is overgrown wi th  a Iletrogeneous hardwood f o r e s t  
31,000 square  m i l e s  (19,840,000 ac re s )  i n  a r e a .  France imports  more than  
one m i l l i o n  t ons  of pulp per  yea r ,  and t h e  bu i ld ing  of a French m i l l  would 
a l l ow  t h i s  d e f i c i t  t o  be reduced and would develop t h i s  department where 
t h e  only a c t i v i t y  i s  a shrimp f i s h e r y  and a missile launching base.  

DESCRIPTIOlJ OF THE FRENCH GUYANA FOREST 

A f o r e s t  inventory  was made on 1,600 square  m i l e s .  F ive  b o t a n i c a l  f a m i l i e s  
r ep re sen t  35 t o  45% of t h e  t o t a l i t y  of t h e  f o r e s t .  About 10  f a m i l i e s  form 
about ha l f  of t h e  woody p o t e n t i a l i t y .  The dense f o r e s t  on s o l i d  ground 
ex tends  over 78% of t h e  t o t a l  f o r e s t r y  zone, of which 73% has a s lope  of 
less than  20% and 84% has  a s lope  of less than 30%. In  t h e  dense f o r e s t ,  
t h e r e  a r e  280 m3 of t r e e s  t o  t h e  hec t a r e ,  of which 13  t o  15  m3 a r e  lumber 
and 180 m3 a r e  pulpwood. 

Eighty percent  of t h e  trees a r e  between 1 0  and 20 meters t a l l ,  and 36% 
have a diameter  of between 30 and 50 cm. 

FULL SCALE LOGGING EXPERIMENT 

A f u l l  s c a l e  logging test was performed over 10  h e c t a r e s  (24.71 a c r e s )  i n  a 
zone a s  representative of the t o t a l i t y  of the forest  a s  possible,  i n  so 
f a r  a s  concerns r e l i e f ,  n a t u r e  of t h e  s o i l ,  and composition, dur ing  a per iod  
of mean r a i n f a l l .  The o p e r a t i o n a l  method employed was t o  f e l l  t he  trees 
wi th  chainsaws, t o  c u t  them t o  long l e n g t h s  ( l e s s  than 17 m), and t o  sk id  
them wi th  rubber - t i red  a r t i c u l a t e d  sk idde r s  on sk idding  roads  b u i l t  wi th  
bu l ldozers .  Loading onto  t r u c k s  was performed by means of a g r app le  load ing  
c rane .  

The p r o d u c t i v i t y  revealed t h a t  a s i te  capable  of producing 82.77 cords  of 
wood per  day, i . e . ,  20,693 cords  per  yea r ,  r e q u i r e s  t h e  fol lowing personnel  
and equipment : 
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Personnel  Equipment 

1 S i t e  supe rv i so r  
1 A s s i s t a n t  supe rv i so r  

6 C u t t e r s  
6 Buckers-choker setters 
2 Bulldozer  o p e r a t o r s  
3 Skidder o p e r a t o r s  
2 Landing c h a s e r s  and buckers  
2 Chainsaw o p e r a t o r s  
1 Loading c r ane  ope ra to r  
1 Loading c r ane  a s s i s t a n t  

ope ra to r  
2 Mechanics 

1 Pick-up - 1 o f f i c e  - 1 rad3ose t  
1 Pick-up - 2 h u t s  
1 water c i s t e r n e ,  p e t r o l  and gas  o i l  
9 motor-driven saws 
9 motor-driven saws 
2 140 hp bu l ldoze r s  
3 175 hp s k i d e r s  

3 saws 
1 grapp le  load ing  c rane  

1 workshop van 

WOOD CWCTERISTICS 

The c h a r a c t e r i s t i c s  of Guyanese wood a r e  a s  fo l lows ,  i n  comparison wi th  
those  of o t h e r  Afr ican ,  European, and American hardwoods. 

Densi ty  

(dry weight ,  d ry  volume b a s i s )  

Guyana 
French hardwood 
White b i r c h  
Gabon 
Ivory Coast (Afr ica)  

Micrometric C h a r a c t e r i s t i c s  of t h e  F i b e r s  

Guyan- Beech Blue S l a s h  Gabon Douglas-fir  
gum pine  (Africa) 

F ibe r  l eng th  (L microns) 1500 1050 1000 2200 1450 4000 
F ibe r  width ( 1  micron) 22.3 19  19 36 2 2 4 1 
Thickness of w a l l s  (2p 

microns) 14 .3  12 11.8 7.6 10.5 8 
Cavi ty  ( c  microns) 8 7 7.2 28.4 11.5 3 3 
F l e x i b i l i t y  r a t i o  

( c l l  %) 36 3 8 38 79 51  8 0 
F e l t i n g  r a t i o  (LI1 %) 6 8 5 4 52 64 66 9 8 



Chemical Composition 

Alcohol benzene 
e x t r a c t  

Hot water 
e x t r a c t  

Sod ium 
hydroxyde 
e x t r a c t  

Lignin 
Pentosans 
Cel lu lose  
Ashes (425' C) 
S iO2 
Fe203 
Fe2O3 + A1203 
CaO 

Guyane French White b i r c h  Gabon Douglas-f i r  
hardwoods (Africa) 

The values l i s t e d  f o r  Guyana and Gabon correspond t o  a r ep resen ta t ive  com- 
pos i t i on  of t h e  f o r e s t .  Guyanese wood f i b e r s  a r e  longer  than those  of 
European and American hardwoods, but  t h e i r  l i g n i n  content  is higher .  The 
dens i ty  of Guyanese wood is p a r t i c u l a r l y  high,  which i s  an advantage from 
the  poin t  of view of wood t r anspor t a t ion  and the  capaci ty  of t h e  pulp 
manufacturing l i n e s .  

PULP MANUFACTURE 

Laboratory Tes t s  

Laboratory Tes t s  Performed a t  Tropical.  
Fores t ry  Technical Center a t  
Nogent -sur-Marne 

The tests were performed on a r ep resen ta t ive  composition of t h e  Guyanese 
f o r e s t .  Cooking was performed with percentages of t o t a l  a l k a l i  (measured 
i n  NaOH), i n  r e l a t i o n  t o  t h e  wood, which va r i ed  from 20 t o  24%, and white  
l i quor  s u l f i d i t i e s  of 20 t o  30%. The time taken f o r  r a i s i n g  t h e  temperature 
from 20° t o  170° C was 2 hours ,  and the 170° C temperature was maintained 
f o r  1-1/2 hours.  Bleaching was performed i n  accordance with the  fol lowing 
sequences and condi t ions  : 

CEHH - CEHD - CEDED - CEDPD - CPDPD 

. ch lo r ina t ion  a t  high dens i ty  (30%) f o r  5 minutes,  . t reatment  wi th  low d e n s i t y  (57;) ch lo r ine  d ioxide  a t  60° C f o r  
4 hours , . treatment wi th  low dens i ty  (5%) hypoch1or:ite a t  35-40' C f o r  
6 hours,  
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. t reatment  w i th  low d e n s i t y  (5%) peroxide a t  60' C f o r  
1 hour,  

. a l k a l i n e  e x t r a c t i o n s  a t  low d e n s i t y  (5%) a t  60' C f o r  1 hour. 

The s tandard pulp was obtained under t h e  fol lowing conditions: 

. t o t a l  a l k a l i  i n  r e l a t i o n  t o  t h e  wood 

. s u l f i d i t y  

. raw permanganate number 

. screened pulp y i e l d  . photovolt  on brown pulp . DP on ho loce l lu lose  

. bleaching 

. c h l o r i n e  consumed 

. soda consumed 

. c h l o r i n e  d iox ide  consumed . bleaching y i e l d  . bleached photovolt  (on shee t )  . bleaching s t a b i l i t y  . DP on bleached pulp 

. copper number 

22% i n  NaOH 
30% 
17.6 
45.6% 
21% 
1035 
CEDED 
5.1% 
1.45 + 0.1% 
1.85 + 0.5% 
96% 
9  1 
902 
965 
0.45 

This  pulp w a s  r e f ined  i n  a Jokro m i l l  up t o  40° S R  (303 CSF) and formed 
i n t o  hand s h e e t s  on a  Rapid &then machine. The comparative c h a r a c t e r i s t i c s  
of European hardwood and softwood pulps  and t h e  l abo ra to ry  pulp thus  
obtained were : 

Guyane Birch Beech Spruce 

Refining t i m e  (minutes) 
Breaking l eng th  (meters)  
Burst 
Tear 
Double f o l d s  (1000 g  load)  
P o r o s i t y  
Bulk 
Opacity 

I n  conclusion,  t h e  r e s i s t a n c e s  t o  t e n s i l e  breaking,  t o  bu r s t ing ,  and t o  
double f o l d s  of t h e  Guyana pulp a r e  low, but  t h e  t e a r i n g  r e s i s t a n c e  i s  
extremely h igh  and t h e  same a p p l i e s  t o  t h e  bulk. The breaking length- tear  
curve of Guyanese pulp p l aces  i t  i n  a  zone which is in te rmedia te  between' 
hardwood and softwood pulp.  



Laboratory Tests a t  European Cel lu lose  - 

Group Research c e n t e r a t  S t  . -Gaudens, 
Performed i n  A p r i l  1976 

Cooking was c a r r i e d  ou t  under the fol lowing cond i t i ons :  

. composition of wood r e p r e s e n t a t i v e  of t h e  Guyanese f o r e s t  
i d e n t i c a l  t o  t h a t  employed by t h e  C.T.F.T., bu t  s t o r e d  f o r  
1 year ,  thus  ve ry  dry .  . l i q u i d  t o  wood r a t i o :  2.8. . t i m e  du ra t i on  of t h e  i nc rease  i n  temperature  from 80 t o  170" C:  
2  hours .  Maintained a t  170' C f o r  1 hour.  . t o t a l  a l k a l i  i n  r e l a t i o n  t o  t he  wood (as  NaOH), % - 23 - 2 1 . s u l f i d i t y ,  % 20 2 0  . kappa number of t h e  screened pulp 23 26.5 

. y i e l d  of t h e  screened brown pulp, % 4 5  46 

. DP on ho loce l lu lo se  820 1050 

Bleaching was performed under t h e  fol lowing cond i t i ons :  

Concentration (%) Temperature (OC) Durat ion-hour 

. c h l o r i n a t i o n  . a l k a l i n e  e x t r a c t i o n  

. d iox ide  1 . a l k a l i n e  e x t r a c t i o n  . d iox ide  2  

The r e s u l t s  of t h e  bleaching were a s  fol lows:  

. kappa number brown pulp 

. KMn04 number brown pulp 

. c h l o r i n e  consumed 

. soda introduced . c h l o r i n e  d iox ide  consumed . bleaching y i e l d  

. bleached pulp y i e l d  . br igh tnes s  

. DP on bleached pulp 

These pulps  were r e f i n e d  i n  a  Jokro m i l l  up t o  40" SR (303 CSF) and formed 
i n t o  hand s h e e t s  on a  Rapid ~ z t h e n  machine. The cha rac t e r  i s t i c s  of t h e  s h e e t s  
obtained were : 

. kappa number brown pulp . r e f i n i n g  du ra t i on  (minutes) . breaking l e n g t h  (meters) . s t r e t c h  (%) . b u r s t  . t e a r  . poros i t y  

. bulk 

. opac i ty  



The r e s u l t s  of t he  l a b o r a t o r y  tests a t  S t .  Gaudens a r e  similar t o  those  
obtained a t  t h e  Tropica l  Fo res t ry  Technical Center. 

Laboratorv Tes t s  Performed a t  t h e  
S t .  Anne Nackawic Pulp and Paper 
Company M i l l  (Canada) i n  
September 1975 and September 1976 

1st s e r i e s  of t e s t s :  

Cooking was performed under the  fol lowing condi t ions :  

. l o g s  of wood of marked f a m i l i e s  which can be separa ted  i n  two 
classes--high dens i ty  f a m i l i e s  and low dens i ty  f ami l i e s .  
. a c t i v e  a l k a l i  ad jus ted  t o  g ive  a  permanganate number of 20 
. s u l f  i d i t y  25% . l i q u i d  t o  wood r a t i o  3.5 
. dura t ion  of t h e  r i s e  i n  

temperature t o  174' C 80 minutes 
. dura t ion  maintained a t  

174" C 30 minutes 

. dens i ty  of wood 0.73--high dens i ty  
0.48--medium and low dens i ty  . a c t i v e  a l k a l i  i n  r e l a t i o n  

t o  t h e  wood (in Na20) 15.1--high d e n s i t y  
14.5--medium and low dens i ty  

. KMn04 number 20.8--high dens i ty  
20.4--medium and low d e n s i t y  . y i e l d  of screened pulp (%) 45.68--high dens i ty  
49.92--medium and low dens i ty  

Pulp r e f i n i n g  tests were performed i n  a  PFI r e f i n e r  (CPPA-C7 method) and 
formed i n t o  hand s h e e t s  i n  accordance with t h e  CCPA-C4 method. The r e s u l t s  
obtained were a s  fol lows,  and a r e  l i s t e d  i n  comparison with a  Eucalyptus 
deglupta pulp. 

Freeness t e s t  number 300 CSF (40.3" SR) . 
High d e n s i t y  Medium and low Eucalyptus 
Guyanese wood dens i ty  deglup t a  

Guyanese wood 

F ibe r  l eng th  before  
r e f i n i n g  (mm) 2.02 1.89 1.52 

Number of r o t a t i o n s  6400 6845 7400 
Breaking (ml) 8450 9750 11700 
Burst  5  4  6  4  7  7  
Tear 121 112 9 5  
Double f o l d  TMI 250 464 1200 
Bulk 1.74 1.60 1.30 



2nd series of tests: 

Cooking was performed under the fol lowing condi t ions :  

. wood c h i p s  from t h e  i n d u s t r i a l  test performed a t  t h e  
S t .  Gaudens m i l l ,  a r e p r e s e n t a t i v e  sample of t h e  Guyanese 
f o r e s t  without  t h e  very high d e n s i t y  wood p a r t ,  

. a c t i v e  a l k a l i  a d j u s t e d  t o  o b t a i n  a permanganate number on 
brown pulp of 19 .3  

. s u l f i d i t y  25% 

. l i q u o r  t o  wood r a t i o  3.5 

. temperature  rise 80 minutes 

. maintained a t  174' C 30 minutes 

Bleaching was performed under t h e  fol lowing cond i t i ons :  

Brown pulp permanganate number 18.7 19.3 

- c h l o r i n a t i o n  

C12% on pulp ( including 20% C102) 10  12 
Temperature (OC) 20 20 
Time (minutes) 3 0 3 0 
C12 (% consumed) 94.9 85.6 
F i n a l  pH 1.8 1.7 

- 1st a l k a l i n e  e x t r a c t i o n  

NaOH (% on pulp) 4.5 4.5 
Temperature (OC) 74 74 
Time (minutes) 9 0 9 0 
I n i t i a l  pH 11.5 11.6 
F i n a l  pH 10.9 10.8 
Kappa number a f t e r  e x t r a c t i o n  2.7 2.5 
CED viscosity 22.5 22.7 

- Chlorine d iox ide  1st s t a g e  

C102 (% on pulp)  
Temperature (OC) 
Time (minutes) 
I n i t i a l  pH 
F i n a l  pII 
C102 (% consumed) 
Elrepho b r i g h t n e s s  



- 2nd a l k a l i n e  e x t r a c t i o n  

NaOH (% on pulp) 
Temperature ("C) 
Time (minutes) 
I n i t i a l  pH 
F i n a l  pH 

- 2nd c h l o r i n e  d i o x i d e  s t a g e  

C102 (% on pulp) 
Temperature (OC) 
Time (minutes) 
I n i t i a l  pH 
F i n a l  pH 
C102 (% consumed) 
Br igh tness  
V i scos i t y  

Conclusions of t h e  Laboratory T e s t s  

A l l  t h e s e  tests show t h a t  it  i s  poss ib l e  t o  manufacture good q u a l i t y  pu lp  
w i th  a  90-91 Elrepho b r i g h t n e s s  by: 

- cooking t h e  pulp t o  a  permanganate number of 19. 
- performing a  f i r s t  bleaching s t a g e  w i th  ch lo r ine -ch lo r ine  d iox ide .  
- mainta in ing  a  permanganate number of less than  3 a f t e r  t h e  f i r s t  

a l k a l i n e  e x t r a c t i o n .  
- mainta in ing  a  b r i g h t n e s s  of 85 t o  87 Elrepho a f t e r  t h e  f i r s t  

c h l o r i n e  d iox ide  s t age .  

The main c h a r a c t e r i s t i c s  of t h i s  l abo ra to ry  pulp a r e  ve ry  good t e a r  and ve ry  
high bulk ,  bu t  f a i r l y  low t e n s i l e  r e s i s t a n c e  and bu r s t i ng .  

Semi-Industr ia l  Tes t s  Performed a t  Paper Technical  
Center of Grenoble i n  J u l y  1975 

The tests were performed under t h e  fol lowing cond i t i ons :  

- wood r e p r e s e n t a t i v e  of  t h e  Guyanese f o r e s t  under t h e  cond i t i on  
of t h e  tests a t  t h e  T rop ica l  Fo re s t ry  Center 

- a c t i v e  a l k a l i  i n  r e l a t i o n  t o  t h e  wood 22% 
s u l f  i d i t y  of t h e  cooking l i q u o r  30% 
liquid/wood r a t i o  3.8 
du ra t i on  of t h e  temperature  rise 60 min from 30" t o  120" C 

60 min from 120" t o  170" C 
d u r a t i o n  maintained a t  170' C 90 min 
brown pulp kappa number 2 0 
screened pulp y i e l d  44.3% 



- Bleaching cond i t i ons  

c h l o r i n a t i o n  

. C12 (% on pulp] 

. temperature  ('C) 

. dura t ion  (minutes) 

. C 1 2  (Z consumed) 

. F i n a l  pH 

1st a l k a l i n e  e x t r a c t i o n  

NaOH (% on pulp)  
Temperature (OC) 
Durat ion (minutes) 
F ina l  pH 
D.P. 

1st c h l o r i n e  d iox ide  s t a g e  

C102 (%) 
Temperature (OC) 
Durat ion (minutes) 
F i n a l  pH 
C102 (% consumed) 
Elrepho b r igh tnes s  
D.P. 

2nd a l k a l i  e x t r a c t  ion 

NaOH (% on pulp)  
Hydrogen peroxide (% on pulp) 
Temperature (OC) 
Duration (minutes) 
F i n a l  pH 
D.P. 

2nd c h l o r i n e  d iox ide  s t a g e  

C102 (% on pulp)  
Temperature (OC) 
Duration (minutes) 
F i n a l  pH 
C102 (% consumed) 
Elrepho b r igh tnes s  
D.P. 

SO? t rea tment  

 PI^ 
Elrepho b r i g h t n e s s  
Br igh tness  s t a b i l i t y  (%) 
O SR 

3 .5  
89.5 
9 2 
16 (690 CSF) 



The mechanophysical c h a r a c t e r i s t i c s  of brown and bleached pulp a r e ,  a f t e r  
r e f i n i n g  a t  40 SR (302 CSF) i n  a  Jokro m i l l  and forming i n t o  handsheets  
on a  Rapid ~ o t h e n ,  a s  fol lows:  

Brown pulp Bleached pulp Canadian hardwood pulp 

Duration of r e f i n i n g  
(minutes) 

Breaking l e n g t h  
(meters) 

S t r e t c h  (%) 
Burs t  
Tear 
Double f o l d s  
Opacity 
Po ros i t y  
Photovol t  
Bulk 

The f i r s t  c h l o r i n a t i o n  was i n s u f f i c i e n t  and b leaching ,  a f t e r  t h e  f i r s t  
c h l o r i n e  d iox ide  s t a g e ,  was no t  up t o  t h e  85 t o  87 va lues  r equ i r ed .  It was 
necessary  t o  add hydrogen peroxide t o  o b t a i n  an  89.5 b r igh tnes s .  However, 
t h e  c h a r a c t e r i s t i c s  of t h e  bleached pulp ob ta ined  compare very  favourably  
w i th  those  of Canadian hardwood pulp. 

F u l l  Sca le  M i l l  Run a t  S a i n t  Gaudens 

This  test  was performed a t  t h e  S t .  Gaudens m i l l  of t h e  Groupement ~ u r o p g e n  
de  l a  Ce l lu lo se  d 'Aqui ta ine  in May 1976 on 1000 tons  of wood, r e p l a c i n g  
Pyrenean hardwood wi th  Guyanese hardwood and minimizing t h e  oxygen b leaching  
s t a g e  according t o  t h e  fo l lowing  cond i t i ons :  

- a c t i v e  a l k a l i  i n  r e l a t i o n  t o  t h e  wood ( i n  NaOH) % 
- s u l f i d i t y  of t h e  cooking l i quour  
- dura t ion  of t h e  temperature  rise (minutes) 
- dura t ion  maintained a t  170° C 
- load ing  d e n s i t y  (kg bone d ry  per  cu. meter) 
- KtIn04 number before  oxygen s t a g e  
- kappa number be fo re  oxygen s t a g e  
- y i e l d  on screened brown pulp 
- polymerizat ion degree 
- KMn04 hardness  index a f t e r  oxygen s t a g e  



. Bleaching condi t ions :  

Concentrat ion  Temperature Duration time 
% O C H r  

Chlor ina t ion  3.5 25-30 0.50 
1st e x t r a c t i o n  9  4  0  2.30 
1st c h l o r i n e  d ioxide  

s t a g e  12 6  5  .6  
2nd e x t r a c t i o n  wi th  

peroxide 9  7  0  2  
2nd ch lo r ine  d iox ide  

s t a g e  12 7  8 .7 

Quan t i t i e s  of chemical products  consumed i n  r e l a t i o n  t o  t h e  pulp: 

- ch lo r ina t ion  

- 1st a l k a l i n e  e x t r a c t i o n  
- 1st c h l o r i n e  d ioxide  s t age  
- 2nd a l k a l i n e  e x t r a c t i o n  
- 2nd c h l o r i n e  d iox ide  s t a g e  
- f i n a l  b r igh tnes s  
- degree of polymer i z a t  ion 
- copper number 

4  t o  5% of ch lo r ine  (remainder i n  
ch lo r ine  0.5%) 
1.6% of soda 
1 % 
0.3 t o  0.6% iJaOH - 0.3% H202 
0.5 t o  0.6% C102 
89-90 
695 
0.47 

The bleached pulp was r e f i n e d  i n  a  Jokro m i l l  and formed on a  Rapid G t h e n  
machine. The r e s u l t s  obtained were a s  fol lows:  

- f r eeness  number 40 SR (302 CSF) 
- breaking l eng th  (m) 4150 
- s t r e t c h  (%) 2.65 
- b u r s t  2  2 
- t e a r  88 
- bulk 1 . 7 0  
- br igh tnes s  8  8 

One o b t a i n s  t h e  same c h a r a c t e r i s t i c s  a s  those  of t h e  pulps obtained i n  t h e  
labora tory ,  bu t  t h e  t e a r  has considerably dropped, i n  a  manner which i s ,  
up till now, inexp l i cab le .  

COMPARISON OF GUYANE PULP CHARACTERISTICS WITH OTHER HARDWOOD PULPS 

Table 1 g ives  t h e  comparison between Guyanese wood pulp and hardwood pulp 
found on t h e  French markets. The r e f i n i n g  was performed i n  t h e  Escher Wyss 
r e f i n e r  of t he  Cel lu lose  d lAqui ta ine  l abo ra to ry ,  which reproduces f a i r l y  
f a i t h f u l l y  t h e  r e s u l t s  obtained during m i l l  r e f i n i n g .  The s tandards  used 
were a s  fol lows:  



COMPARATIVE RESULTS BETWEEN GUYANA HARDWOOD PULPS AND 

COMMERCIAL HARDWOOD PULPS. 

BEST AVAILABLE COPY 



Escher Wyss Refiner:  0.100 and 200 kWh per  BD ton of pulp 
Forming i n t o  s h e e t s ,  Rapid ~ o t h e n ,  70 g/m2 ClQO g/m2 f o r  r i g i d i t y )  
Conditiening: 20' C ,  65% mofsture content  
Mechanophysical cha rac t e r  is t i c s  : 

. a i r  permeabi l i ty  AFNOR standard 
1 r I I 

Q 03 001 . t e a r i n g  index Q 03 011 . breaking l e n g t h  and 
s t r e t c h  I I 11 Q 03 004 . r e s i s t a n c e  t o  b u r s t i n g  I I 11 Q 03 014 

. bulk I I I I Q 03 017 . c o n t r a s t  opac i ty  I I 11 Q 03 006 . R r e f l e c t i v i t y  IS0 

. S s p e c i f i c  d i spe r s ion  c o e f f i c i e n t  . K s p e c i f i c  abso rp t ion  c o e f f i c i e n t  . wrenching: Dennison method . r i g i d i t y  Taber method 

. absorbency K l e m  method . w e t  s t r e n g t h :  GEC method - f o r c e  i n  g ,  f o r  
rup tu re  of a  15 mm broad s t r i p ,  dryness  20% 

The Guyanese pulp is r e f ined  l i k e  t h e  Aquitaine pulp,  but  wi th  g r e a t e r  
d i f f i c u l t y  than  Scandinavian b i r c h  pulp and Canadian b i r c h  and maple pulps,  
f o r  a n  equiva len t  degree of r e f in ing :  

. from t h e  po in t  of view of r e s i s t a n c e  (breaking l eng th  and b u r s t )  
Guyanese wood pulp is  s l i g h t l y  b e t t e r  than t h e  Aquitaine and 
Canadian wood pulp,  bu t  i n f e r i o r  t o  b i r c h  and eucalyptus pulp; . from t h e  poin t  of view of t e a r ,  Guyanese pulp is equiva len t  t o  
Scandinavian b i r c h  pulp; . from t h e  po in t  of view of opac i ty ,  Guyanese pulp i s  s l i g h t l y  
i n f e r i o r  t o  o ther  hardwood pulp,  except f o r  Scandinavian b i r c h  pulp; . from the  po in t  of view of bulk,  Guyanese wood pulp is very much 
supe r io r  t o  a l l  hardwood pulp on t h e  market. 

FULL SCALE PAPER &WilJFACTURE 

Conditions of Manufacture 

The pulp de l ive red  t o  t h e  c l i e n t  was s t r i c t l y  requi red  t o  be: 

. c l ean ,  i . e . ,  t o  conta in  less than 30 b lack  d o t s  t o  t h e  square meter:  
Guyanese pulp contained a  maximum of 12. . a s  whi te  a s  s tandard  89-90 Aquitaine pulp. Guyanese pulp had a  
b r igh tnes s  which va r i ed  between 88.5 and 90. . de l ive red  wi th  a t  l e a s t  90% dryness:  Guyanese had a  dryness  which 
va r i ed  between 90 and 94%. 



Choice of Paper Manufacturers' C l i en t s  

The c h a r a c t e r i s t i c s  s p e c i f i c  t o  Guyanese pulp being the  bulk, t he  t e a r ,  and 
the  po ros i ty ,  t h e  t e s t s  were performed on t h e  premises of t he  fol lowing 
paper manufacturers:  

France : 

. wood f r e e  bulking paper f o r  
books . wood f r e e  coa t ing  paper 

. white f r o n t  f o r  mul t ip ly  
board 

. paper f o r  p r i n t i n g ,  wr i t i ng ,  
and o f f s e t  

. waterleaf  paper f o r  
parchment . t i s s u e  

Germany : 

. high bulking paper f o r  books 

. high bulking paper f o r  books 

Great B r i t a i n :  

. t i s s u e  paper 

. paper f o r  p r i n t i n g  and 
wr i t ing  

Pape te r i e s  de  Gorges de Domsne 
- Domsne m i l l  
Pape te r i e s  Job 
- Sept Deniers m i l l  
Pape te r i e s  Navarre 
Champ-sur-Drac m i l l  
Pape te r i e s  Aussedat-Rey 
- Cran-Gevrier m i l l  
Pape te r i e s  Dal le  6 Lecompte 
- Sa in t  Severin m i l l  
Sopal in 
- Sotteville-les-Rouen m i l l  

P e t e r  Temming AG m i l l  
- Gluckstadt m i l l  
Salach Pap ie r f ab r ik  GmbH 
- Salach m i l l  

S t e r l i n g  I n t e r n a t i o n a l  
- Stubbins-Bury m i l l  
Wiggins Teape 
- Dartford m i l l  

Running of Tes t s  

The Guyane pulp was introduced during manufacture so a s  t o  provide a  
r e fe rence ,  both wi th  regard  t o  the  manufacturing parameters and t o  t h e  
f in i shed  products .  Samples of t h e  paper,  t ape ,  and manufacturing recordings 
were performed once t h e  paper machine was running i n  a  s t a b i l i z e d  way. 

During t h e  va r ious  t e s t s ,  t h e  Guyanese wood s u l f a t e  pulp rep laced ,  p a r t l y  
o r  t o t a l l y  i n  t h e  fu rn i sh ,  t h e  fol lowing s u l f a t e  pulp: 

. Cel lu lose  d 'bqu i t a ine  (S t .  Gaudens): blended hardwoods . Landaise de Cel lu lose  (Tartas) :  bleached p ine  . Aussedat Rey ( S a i l l a t ) :  chestnut  . S t .  Anne-Nackawic Pulp and Paper Company: b i r c h  and maple . Brunswick: softwood 

. Algerian e spa r to  g r a s s  pulp . Portuguese eucalyptus pulp 



Tes t s  i n  France 

I n d u s t r i a l  Manufacturing Tests of Bulk 
Paper f o r  Books a t  P a p e t e r i e s  Gorge 
de  ~ o m s n e  

~ o m s n e  m i l l  - Issre, 1 5 t h  June 1976. Manufacturing s t a r t e d  w i th  t h e  normal 
composition (mark No. 1 ) .  During s t a g e  one, Caima pulp (50% of  t h e  f i b r o u s  
composition) was rep laced  by Guyanese pulp (mark No. 2 ) .  L a t e r ,  a l l  s h o r t  
f i b r e s  (80% of t h e  f i b r o u s  composition) were replaced by Guyanese pulp 
(mark No. 3 ) .  

This  test made i t  p o s s i b l e  t o  confirm c e r t a i n  p o i n t s  which had a l r eady  been 
brought t o  l i g h t  by t h e  l abo ra to ry  s t u d i e s  performed be fo re  t h e  i n d u s t r i a l  
test.  

. Guyanese wood pulp r e q u i r e s  more energy f o r  r e f i n i n g  than 
European hardwood pulps .  

. i t  bulks  more than  t h e  pulp of t h e  Ce l lu lo se  d lAqu i t a ine  (C.A.) 
and a l s o  more than  t h a t  of Caima (eucalyptus  s u l f i t e  d i s u l f i t e  
pulp), very  much i n  denland on account of i t s  bulk.  . i t  provides  a paper which is  extremely permeable t o  a i r .  . i ts  breaking l e n g t h  i s  very  much t h e  same a s  t h a t  of Caima, 
and s l i g h t l y  i n f e r i o r  t o  t h a t  of C.A. . t h e  t e a r  index is p r a c t i c a l l y  t h e  same a s  f o r  Caima and f o r  C.A.  . t h e  paper ob ta ined  is  less opaque than wi th  t h e  normal 
composition. 

The r eco rd ings  of t h e  adjustments  and t h e  l abo ra to ry  measurements on t h e  
paper obtained a r e  given i n  t a b l e s  2 and 3.  

I n d u s t r i a l  Manufacturing Tes t  of Coat ing 
P a ~ e r  a t  P a ~ e t e r i e s  Job 

Sept  Deniers  m i l l ,  23rd June 1976. 

. t he  t e s t s  bore on two manufactures of coa t ing  paper ,  95 g/m 2 
and 169 g/m2. I n  b o t h  manufactures,  t h e  Guyanese pulp was 
used t o  r e p l a c e  t h e  Ce l lu lo se  d l  Aquitaine pulp: 24% i n  t h e  
95 g/m2 and 48% i n  t h e  169 g/m2. 

The c h a r a c t e r i s t i c s  of t h e  paper obtained dur ing  t h i s  test confirms what 
t h e  l abo ra to ry  t e s t s  could a n t i c i p a t e  t h a t :  

. Guyanese wood pulp is  more d i f f i c u l t  t o  r e f i n e  than  t h a t  of 
European hardwood. 

. it  has  more bulk.  

. i t s  use  r e s u l t s  i n  a paper more permeable t o  a i r  and less opaque. 

In  t h i s  test, i t  was a l s o  noted t h a t  t h e r e  was an improvement i n  t h e  
mechanical c h a r a c t e r i s t i c s ,  bu t ,  i n  our opinion,  t h i s  must be a t t r i b u t e d  



TABLE N o  2 

GORGES DE DOMENE - PAPER MILL 
SETTING SThTEPIEiL'TS 

BULKY BOOK PAPER 

Composition : ----------- 
Iggesund flash (long fibers) 

Ca'ima (eucalyptus) 

Cellulose dlAquitaine 
Guyana wood pulp 

I 

t lleflqjngi (b lended pulps) 

I DD Beloit 20" kw 

Approximative flow kg/h 
kwh/ I00kg 

Consistency 
" SR screened stock 

Machine : ------- 
Machine head refining 

2 Jones intensity A 
Output kg/h 

Speed m/mn 
headbox consistency g/l 

headbox ashes Z 

Suction boxes \racuum mm Hg 
Millspaugh vacuum I " 

2 " 
1st press vacuun 

( Pressure 1st press kglcml 

2nd press 1 1  

3rd press " 

1 Steam flow t/h 

Steam consumption t/t 

I Reel humidity 2 
I 



TABLE N o  3 

GORGES D E  D O M E N E  - PAPER MILL 

LABORATORY >IEASUREFlENTS 

BULKY B O O K  PAPER 

-- - - 
I 

C h a r a c t e r i s t i c s  were  measured by G.E.C. S t  Gaudens l a b o r a t o r y  

c o n d i t i o n e d  p a p e r  2 4  h  20°C RH 60% 

ITEM ( REFERENCE 
~ ~ .. . ~ ~ 

I g e s u n d  f l a s h  ( l o n g  f i b e r s )  
Ca ima ( e u c a l y p t u s )  
C e l l u l o s e  d f A q u i t a i n e  
Guyana wood p u l p  

- .  . -.. - . ....-.-.--p-.--... - 

B a s i c  w e i g h t  g/m2 

Ashes a t  600°C X 

R o o  

R 0  
b r i g h t n e s s  

S  cm2/g 
, K cm2/g 
/ C o n t r a s t  o p a c i t y  
I 
: Bulk 
' A i r  p e r m e a b i l i t y  

Burs t 1 1 3 , ?  
i 

B r e a k i n g  l e n g t h  m liD 
CD 
Aver.  

S t r e t c h  2 F1D 
CD 

Aver. I z 1 9  

T e a r  I / I 0 0  FZD I 7 2 , 5  

C D 1 7 5 , l  
Aver .  1 7 3 , 8  

I 

Tabe r  r i g i d i t y  
\ $ i r e  s i d e  concave  MI) 

CD 

Wire s i d e  convex PID 5 , 6  
C P  I 2 , 6  

I 

Average  

I Denn i s son  

TEST N O 1  TEST N02 

BEST AVAILABLE COPY 



TABLE N o  4 

JOB - SEPT DENIERS - PAPER MILL 
SETTING STATEMENTS 

COATING PAPER 

3 LF long fibers pulp 
fX SF short fibers pulp 362 

1 5 9  c / n 2  BASIC \?EIGHT 9 5  g/32 

Composition --- ------- 
Norland bleached LF P 
Eucalyptus 

White birch 

Cellulose d1Aquitaine SF X 
Guyana wood pulp 
Plecanical pulp 
Waste 

Tarascon bleached LF 

Refining blended pulps 

3 hydrafiner intensity 
I twinhydradisc 

1 0  SR virgin pulp 

I - Paper machine ------------- 
Head of machine refining 
I twinhydradisc intensity 
Output kg/h 
Speed m/mn 

S uct ion boxes vacuum 

before Dandy roll mmHg 
after " II I 1  

Millspaugh vacuum " 

Pressure 1st press kg/lcm 

2nd It 
I I 

3rd " 
II 

Steam pressure before sizepress 
after " " 

Steam consumption 
Size press treatment % - 

REFERENCE 

2 3 , s  

1 7 , 6  

s , 9  

2  2  
- 
3 

2 8  
- 

3  x 1 2 0  h 

2 5 0  .: 
- 

2 9 0  
- 
- 

1 5 0  

1 9 0  

2 5 0 / 3 0 0  

1 8 / 1 7  

2 5 / 2 7  

3 0 / 3 6  

0 , 9 / 2 , 6  
1 , G / Z  ,-1 

9 a 1 3 , 2 T ; h  

* m l s o l 6 , 5  

TEST KT~EFEREACE / TEST ~ " 2  

2 3 , s  

1 8 , ;  

6 , 1  
- 

2  3  

3  

2  5 
- 

3  x 1 2 0  A 

2 5 2  ;i 

2 5 , 5 / 2 3  

7 3  0  

4 3 9 2  

2 5 7  

1 5 0  

1 9 0  

2 3 0  

1 7  

2 7  

3  S  

1 , 3  
2 , 5 / 2 , 6  

9 , 6  T / 5  

.>mrsol  8 

gining End 

4 9  - 
5 1 , s  

3 3  

3  3  2  8  

13 1 7 , s  

-1 x 1 2 0  A 3 x 1 2 0  .;: x 12: 

3 0 0  X 3 0 3  .; 3 3 :  

3  6 / 3  7 2  4 2  9  

2 9 0  2 9 0  -, 7 c 9 

4 1 9 0  4 : 2 3  

1-15 1-1 5 

1 2 0 / 1 3 0  13 0  1 5 3  

1 7 0 / 2 0 0  1 9 0  12'3 

1 3 / 1 7  1 7  1 7  

2 / 2 7  2  7  2 7  

3 2 / 4 0  3  3  3  5  
I 

1 , s  2 2 , 8  2 , l  2 , 3  
1  ,j a 2 , 2  1 ,: 

k 3 , 4 / l O  9 , 3  

1 1 6 ,  Arnisol 2 
I J 



TABLE N o  5 

J O B  - SEFT DENIERS - PAPER MILL 

LABORATORY MEASUREMENT 

COATING PAPER 9 5  g / m 2  - I 6 9  g /m2  

1 
CHARACTERISTICS WERE MEASURED BY G.E.C.. ST GAUDENS LABORATORY - 

Condi t ioned  p a p e r  24 h  20°C 60% RH I 

I THEORIC BASIC WEIGHT I 169.  g/m2 i 

i Base weight  g/m2 

Ashes a t  6 0 0 ~ ~  2 

I C o n t r a s t  o p a c i t y  
[ B r i g h t n e s s  I 

I L i g h t  d i s p e r s i o n  power 5  c n 1 2 / ~  
i 
I 
1 
' L i g h t  a b s o r p t i o n  power K cm2/g 
, A i r  p e r m e a b i l i t y  

i B u l k  

I B u r s t  

; 'B reak ing  l e n g t h  i bm 

I CD 
I 
I 

Aver. 

i S t r e t c h  

i 

1 T e a r  I / I O O  
1 

Aver.  

MD 
CD 

I 
i Aver .  
i 1 Taber  r i g i d i t y  same b a s i c  we igh t  MD 

As r e f e r e n c e  pape r  C D 

Aver . 
Dennisson f e l t / w i r e  s i d e  

REFERESCE TEST N O 1  



'TABLE N O  6 

PAPETERIES NAVARRE - CHAMP SUR D R A C  PAPER MILL 

SETTING STATMENTS 

PAPERBOARD - WHITE RECTO - SUGAR B O X  TYPE 

! Grey boa rd  w h i t e  rec to  
Glazed  s u g a r  box 

TEST 

Board s t r u c t u r e  --------------- I I 

Verso  S 
2  

number of p l i e s  
we igh t  g/m2 

T o t a l  b a s i c  w e i g h t  g/m2 

White r e c t o  S  :number o f  ?lie: 
I 

we igh t  g/m2 

I n t e r m e d i a t e  C number of p l i e s  
':<eight g /n2  

Recto  s i d e  c o m p o s i t i o n  ----------_----____--- I 
Bleached s u l f i t e  long f i b e r s  

Ta r  t a s  
S t r a s b o u r g  

2 I 2  

Bleached s u l f a t e  l o n g  f i b e r s  
T a r a s c o n  I 

7 1 , 3  

I 
4 1 , 5  

Bleached s u l f a t e  s h o r t  f i b e r s  
Aqui t a i n e  
Guyana 

Z e c t o  s i d e  r e f i n i n g  ------------------ 

75 ,2  

I 
4 0 , 5  

Duocycle d u r a t i o n  
App l i ed  power k:i 
F ~ O W  l/mn 
C o n s i s t e n c y  % 
Consumed power kl<h/ I 0 0  k g  

4 5 m n  1 j 6Omm 
2 x 7 0 1  2 x 7 0  

1000 1 1000 
4 , 5  1 4 , 5  

5 , 2  
36-43 3 y 9  1 40 

I 

Board machine ------------- 



t o  t he  modif icat ion of t h e  enduction on t h e  s ize-press  r a t h e r  than t o  t h e  
Guyanese wood pulp. 

I n d u s t r i a l  Manufacturing Tes t  of White Front 
f o r  Mult iply Board a t  t h e  Pape te r i e s  de  
Navarre 

Champ su r  Drac m i l l ,  13 th  J u l y  1976. 

. Guyanese wood pulp was used a s  a  replacement f o r  a  blend of 
bleached softwood s u l f i t e  pulp of T a r t a s  and Ce l lu lose  d lAqui ta ine  
beech f o r  t h e  glazed white f r o n t  of a  mul t ip ly  board of t h e  
I I sugar box" type. 

This  test  brought t o  l i g h t :  

. an i n c r e a s e  i n  t h e  power necessary f o r  r e f i n i n g .  

. an improvement of t h e  bulk and of t h e  po ros i ty .  

. an inc rease  i n  t h e  r i g i d i t y  r a t i o  and a  reduct ion  of t he  
mechanical c h a r a c t e r i s t i c s .  It is  poss ib l e  t h a t  f o r  t hese  
two p o i n t s ,  t h e  changes observed r e s u l t  from t h e  board i t s e l f  
(which i s  composed of o ld  papers) r a t h e r  than from the  f r o n t .  

. t h e  drop i n  t he  br ightness  is most probably a  consequence of 
t he  low degree of opac i ty  of t h e  Guyanese pulp. . Guyanese pulp rep laced  a  cons iderable  p a r t  of t h e  long f i b r e s  
pulp of t h e  i n i t i a l  f u r n i s h ,  without giving rise t o  any 
problems dur ing  run on t h e  machine. 

The recording of t h e  adjustments  and t h e  l abo ra to ry  measurement on t h e  papers  
obtained a r e  given i n  t a b l e s  6 and 7. 

I n d u s t r i a l  Manufacturing Tes t  of Of f se t  
Wood Free  Dry F i n i s h  Paper and "3 Epis" 
Of f se t  Paper a t  P a p e t e r i e s  Aussedat 
Rey, Cran-Gevrier M i l l  

Manufacture s t a r t e d  wi th  normal composition, then S a i l l a t  s h o r t  f i b r e s  
pulp was rep laced  wi th  Guyanese wood pulp. 

The mechanical c h a r a c t e r i s t i c s  obtained with t h e  Guyanese pulp were very 
s i m i l a r  t o  those obtained wi th  t h e  r e f e rence  paper. 

A s l i g h t  i nc rease  i n  t h e  bulk was observed a f t e r  dry f i n i s h  but  a l s o  
a  reduct ion  of t h e  Beck smoothness. 

A s  during t h e  previous tests, a  s l i g h t  higher  degree of dye absorp t ion  
was noted on t h e  s ize-press :  26 l i t r e s / 1 0 0  kg wi th  Guyanese pulp a s  
a g a i n s t  22 l i t r e s / 1 0 0  kg wi th  t h e  r e f e rence  paper. 

The record ings  and t h e  l abo ra to ry  measurements on t h e  two manufactured 
papers a r e  given i n  t a b l e s  8 and 9. 



TABLE N07 

PAPETERIES NAVARRE CHAMP SUR DRAC PAPER MILL 

LABORATORY MEASUREMENTS 

PAPERBOARD WHITE RECTO GLAZED 

SUGAR BOX TYPE 

/ Basic weight g/m2 
I 
i Thickness (microns) 

j Bulk 
t 

j Humidity 
! 
i Burst (Mullen index) 
i / Kodak rigidity MD 

1 
rapport MD/CD 

I Ashes 

/ Brightness 

Cobb sizing 45" Recto 
Verso 

i Basic weight ply S.1 
I 
I 
! 

C.1 

I Air porosity 

Medium plies adhesion 

Delaminating level 

REFERENCE 

41,s 

29.6 

3,lO 

12/12.2 

I n t .  



TABLE ~ " 8  

AUSSEDAT-REY - CRAN-GEVRIER PAPER MILL 

WOOD FREE OFFSET D R Y  F I N I S H  PAPER. I 4 0  g / m 2  

I , REFERENCE 

A ~ - -  -~ . .. - - -- 

G ~ ? E P ~ ? S ~ L ~ G  1 S a i l l a t  ( p i n e )  

1 

5 0 %  
j S a i l l a t  ( c h e s n u t )  

I 
3 7 %  

I Guyana p u l p  
! 

Broke I ! 
1 3 %  

! 
a I R e f i n i n g  _ _ _ _ _ _ _ 1 b lended  
i 

I 
I 

C o n s i s t e n c y  % 
: " SR s c r e e n e d  p u l p  

i Paper  Machine . -- ---------- 
Head b o x  c o n s i s t e n c y  
Head b o x  "SR 
Trimmed w i d t h  
Speed - . -. -. -~... 

L a b o r a t o r y  measurements --------- ------------- 
B a s i c  w e i g h t  g/m2 
Ashes % 
Breaking l e n g t h  MD 
R a t i o  XD / C D  
B u r s t  
T e a r  I / I O O  
A i r  p o r o s i t y  
Dennis son  
Bulk 
Beck smoothness 

TEST 

4 9 %  
- 

3 5 %  
1 6 %  

b lended  



TABLE N O  9 

AUSSEDAT-REY - CRAN-GEVRIER PAPER MILL 

UNGLAZED OFFSET " 3  E P I S "  I 7 2 g / m 2  

Connosition 

I S a i l l a t  ( p i n e )  
I Guyana wood p u l p  
' Broke 

L a b o r a t o r y  measurements  
B a s i c  w e i g h t  g/m2 
Ashes 2 
C o n t r a s t  o p a c i t y  
B r i g h t n e s s  R o o  

R 0 
S  cm2/g 
K cm2/g 
A i r  p e r m e a b i l i t y  
Bulk 
Burs  t 
Denn i s son  

B r e a k i n g  l e n g t h  m 
S t r e t c h  % 
T e a r  i n d e x  I 0 0  
Tabe r  r i g i d i t y  

\ < i r e  s i d e  concave  
\ < i r e  s i d e  convex 

9 7 , 3  
8 5 , 2  ( & i g ~ ~ r ~ ~ t i c a l : 8  1 , 9  
8 4 1 5  

6  3  9 
B I Z  
4 1 4  
1 , 2 8  

1 4  ,8 
1 4 / 1 3  

MD 

4 2 0 0  
21 3 

9 9 , 3  

4 0  
3 6 

3  8 

CD 

1 7 6 0  
5 , 1  

1 0 9  

2 0  
1 7  

1 8 , 5  

AVERAGE 

2 9 8 0  
3,7 

1 0 4  

2 8  



I n d u s t r i a l  Manufacturing Tes t  of Waterleaf 
Paper To B e  Sulphurized and Parchmentized 

Pape te r i e  Dal le  et  Lecompte - Sain t  Severin (Charente). 

During t e s t i n g ,  t h e  only d i f f e r e n c e  noted between t h e  Ce l lu lose  d fAqu i t a ine  
pulp normally used and t h e  Guyanese pulp concerned t h e  r e f i n i n g  speed: t h e  
Guyanese wood pulp t akes  longer  t o  r e f i n e .  

The c h a r a c t e r i s t i c s  given i n  t a b l e  10 ,  measured by t h e  Groupement 
~ u r o ~ g e n  de  l a  Ce l lu lose  l abo ra to ry  a t  Saint-Gaudens, d id  no t  b r ing  t o  
l i g h t  any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  r e f e rence  and t h e  t e s t ,  e i t h e r  
on water leaf  paper t o  be sulphurized o r  on parchment, wi th  regard t o  t h e  
mechanical c h a r a c t e r i s t i c s .  

On t h e  o t h e r  hand, a  cons iderable  increase  was noted i n  t h e  bulk and a l s o  
b e t t e r  absorbency which is  a n  extremely important q u a l i t y  i n  t h e  
sulphur i z a t  ion opera t  ion. 

Tes t s  i n  Germany 

The t e s t s  took p l ace  a t  t h e  Pe t e r  Temming Paper M i l l s  a t  Gluckstadt and 
Salach Pap ie r f ab r ik  a t  Salach,  i n  June 1976. They bore on t h e  manufacture 
of bulk paper f o r  books. The in t roduc t ion  of Guyanese wood pulp i n  t h e  
composition provided an inc rease  i n  t h e  bulk of t h e  paper,  t h e  e l imina t ion  
of t h e  e spa r to  pulp,  and t h e  reduct ion  of t h e  percentage of long f i b r e s  pulp. 

The record ings  of  t h e  adjustments  and t h e  l abo ra to ry  measurements on t h e  
papers obtained a r e  s e t  ou t  i n  t a b l e s  11 and 12. 

Tes t s  i n  Great B r i t a i n  

I n d u s t r i a l  Manufacturing T e s t  on F a c i a l  
T issue  a t  S t e r l i n g  I n t e r n a t i o n a l  
Paper M i l l  

Stubbins Works - Bury, Lancashire  - October 1976. 

The t e s t s  bore on t h e  manufacture of f a c i a l  t i s s u e s ,  1 5  g/m2.  During t h e  
i n i t i a l  s t a g e  of t h e  test,  Arbocel pulp replaced S t .  Anne hardwood pulp and 
50% of t he  softwood pulp was r e t a ined .  The r e s u l t s  from t h e  po in t  of 
view of q u a l i t y  were p o s i t i v e ,  t h e  Arbocel f i b r e  percentage was increased 
t o  60%, thus reducing t h e  softwood pulp t o  40%. The speed of t h e  machine 
was kept  a t  800 mhninand t h e  q u a l i t y  produced was s a t i s f a c t o r y .  

The in t roduc t ion  of Arbocel a t  50% and then  60% did  not a f f e c t  e i t h e r  
t he  running of t h e  machine nor t h e  q u a l i t y  of t h e  product.  The shee t  
r e t a ined  i t s  breaking l e n g t h  s t r eng th .  The t i s s u e  was a  l i t t l e  more 
bulked and s o f t .  Unfortunately,  no d a t a  a r e  a v a i l a b l e  concerning absorp t ion .  
The replacement of 102 of t h e  softwood pulp shows t h a t  some savings may 
be poss ib l e .  



T A B L E  N o  I0  

D A L L E  E T  L E C O M T E  

S T  S E V E R I N  P A P E R  M I L L  

L A B O R A T O R Y  M E A S U R E M E N T S  

W A T E R L E A F  P A P E R  A N D  P A R C H M E N T  



T A B L E  N O I I  

S A L C H  A N D  T E M N I N G  P A P E R  N I L L  

S E T T I N G  S T A T E M E N T S  



TABLE NO12 

SALACH A N D  TEMMMING PAPER M I L L  

LABORATORY MEASUREMENTS 

B U L K Y  B O O K  PAPER 

BEST AVAILABLE COPY 

Samples 

 omp position % 

S a l a c h  1  

s o f t  wood : 2 8 , 4  

~ i r c h  : 1 4 , 2  
eucalyptus:  0 

T e r m i n g  
1 0 0  g / n 2  

2  5  

2  5 

5  0  

S a l a c h  2  

14 
14 
2  9  

0 
0 

4  3  

Ter rming  
9 0  g/m2 

s o f t  wood : 2 5  

:,eech/mpl@ 5 0  

guyana : 2 5  

Basic weight g / ~  

Ashes 6 0 0 ' ~  % 

Thickness 

Bulk 

Cons t r a s t  o p a c i t y  

Br igh tness  R 

S p e c i f i c  absorp- 
t i o n  K 

S p e c i f i c  d i sper -  
s i o n  S  

A i r  p e rmeab i l i t y  

Burs t  index I00  

Dennisson w i r e /  

9 8 , l  1 0 3 , 9  

5 , 8  
I 3 ,  2 

2 , I I  I 2 , 4 6  

8 7 1 8 )  9 6 , l  

Bfeaking length m '  
S t r e t c h  % 
Tear  Index 100 

Taber R i g i d i t y  

Wire s i d e  concave 

Wire s i d e  convex 

Average 

4 ,2  1 3 ,  5  

1 ,97  1 2 , 0 2  

I , 9 9  

8  E 

8  3 

8 , 4  

4  8  4  

5 1 , 2  

1 3 , l  

, 9 / 8  

I 

I 
I , 8 7  1 

8 9 , l  

8 1 , 8  

8 , 7  

1 2 9  

2 7 , 3  

2 3 , l  

1 9 / 1 9  

2 , 3 1  

9 0 , 5  

7 8 , 9  

1 4  

4 9 6  

5 5 , l  

1 3 , 4  

9 / 8  

2 , 1 2  

8  8  

8 2 , 8  

7 , 8  

4 3 8  

4 5 , l  

2 2 , )  

1 9 / 1 8  

m 
5 5 5 5  

2 , s  
: 9 3 , 6  

8 , l  

7 , 1  

7 , 6  

Mil 

5 n -  
2 , 8  

9 5 , 9  

8 , )  

7 , 2  

7 , 8  

cD I A v .  m 
317G 

2 , J  
B 4 , l  

7 , 6  

7 , l  

7 , 4  

2 9 5 0  
3 , s  

1 0 5 , :  

4 , 8  

4 , 2  

4 , 5  

cD 

5  
9 5 , :  

5 , 3  

4 , 2  

4 , 8  

4 2 5 3  
3 , 7  

9 9 , 4  

6 , 1  

cn 
2 0 6 3  

3 , 7  
8 6 , 8  

5 , 2  

4 , 7  

5,O 

Av.  

2 3 1 9  
3 , O  

8 5 , 5  

6,2 

Av. MD 

2 a J i " T  3 5 6 3  
3 , 9  2 , l  

9 5 , 9  8 9 , 6  

cD IAv. 

6 , 3  

1 9 7 3  
3 , 3  

9 1 , l  

3 , s  

2 , 7  

3 

5 , s  

4 , 6  

5 ,O 

2 7 7 1  
2 , 7  

9 0 , J  

4 



The on ly  adjustment  recorded was t h a t  of t h e  speed of t h e  machine, 
2625 f t l m i n ,  which w a s  no t  modif ied du r ing  t h e  test. 

The l a b o r a t o r y  measurements a r e  given i n  t a b l e s  13  and 14.  

I n d u s t r i a l  llanuf a c t u r  i n e  T e s t  of Bulked 
Paper f o r  P r i n t i n g  a t  Wiggins Teape 
Paper M i l l s  

Dar t fo rd  m i l l .  

The tests bo re  on t h e  manufacture  of bulk paper f o r  d u p l i c a t i n g ,  70 g /m2 ,  
whose normal f i b r e  composi t ion i s  as fol lows:  

(Percen t )  

. C e l b i  hardwood pulp 41.7 

. S i d i  Yahia hardwood pu lp  16.7 . Softwood kra f  t pu lp  33.3 . broke 18.3 

This  q u a l i t y  paper i s  produced on a  203 cm machine a t  a speed of 134 mlmin, 
producing approx imate ly  1.14 t ons lhou r .  

The pu lp  is  t h u s  on ly  r e f i n e d  ve ry  s l i g h t l y ,  which means t h a t  t h e  d e f i b e r i n g  
f a c i l i t y  is  t h u s  of p r a c t i c a l  importance.  

A t  t h e  r e q u e s t  of t h e i r  r e s e a r c h  group, t h e  i n i t i a l  change was extremely 
prudent :  on ly  t h e  S i d i  Yahia s u l p h a t e  pulp was r ep l aced  by Guyanese wood 
pulp,  i . e . ,  16.7%. The rest of t h e  composi t ion was unchanged. 

The r e s u l t s  were good. The b a s i c  weight of 70 g/m2 was r e t a i n e d .  The 
format ion of t h e  s h e e t  showed no change. 

Following t h e  i n i t i a l  r e s u l t s ,  t h e  percen tage  of Arbocel pulp was i nc r ea sed  
t o  33 .3%.  During t h i s  p a r t  of t h e  tes t ,  t h e  d u p l i c a t i n g  paper had t h e  
fo l lowing  f i b r o u s  composit ion: 

(Percen t )  

. Celb i  hardwood pu lp  . Arbocel hardwood pu lp  

. Softwood k r a f t  pu lp  . broke 

The test was a  succe s s .  The paper had a  uniform format ion and a n  e x c e l l e n t  
l i n t - f r e e  s u r f a c e .  

The l a b o r a t o r y  measurements a r e  given i n  t a b l e  15.  



TABLE . N o  I 3  - . - . - .  . ----- - - -  

STERLING STUBBINS LTD - B U R Y  P A P E R  MILL 

FACIAL TISSUE 

----.-.- - 

COMPOSITION I I I I I I 
Softwood p u l p  / 5 0  1 13 
Guyana p u l p  
Harwood p u l p  ( S t  ~ n n e )  
- -----. . . i - ..... 

I I 
i 

R o l l  number 1133 ' 1135 ' 1117 1135 / 1141 1143 I 
1 1145 

- ........ .-,- ....... .-- 

Basic w e i g h t  g/m2 
I I I 15 .6  15.0 1 15 .1  15.1 15.0 1 1 5 . 5  1 15 .7  1 15.9 1 15 .8  

I I - ............. -i I 

Bulk I 2  p l i e s  0 5 4  0 4 2 "  I . 045"  

~ r e a k i n g  l e n g t h  m 598 632 610 1 628 i 612 1 622 I 614 I , I 
6 5 6  

machine d i r e c t i o n  
-. .......... ,,- . . . . . . . .  

B r e a k i n g  l e n g t h  252 1 258 252 1 268 1 220  1 240 240 252 
c r o s s  d i r e c t i o n  

- .  . . . . .  .- .. 

S t r e c h  MD/CD % I 18.8  16.4 1 15 .2  14 .6  I 17 .2  1 4 .  / 16 .6  1 7 . 2  
I 

... ....... . ._. -~ . . . . .  __-- --_I.. ̂. -I._-_ ___._,_._i . l  _-_.r._-.- 



TABLE N O 1 4  -- 

STERLING STUBBINS LTD - BURY PAPER MILL 

FACIAL T I S S U E  

LABORATORY MEASUREMENTS 

BEST AVAILABLE COPY 

COMPOSITION 

S o f t  wood p u l p  40 1 4 6  , 4 0  
Guyana wood p u l p  6 0  6 0  G 3 

- - - - - - - 1 ,- i 
\ 1 4 0  1 SPEC 

I 6 0  1 
! - -- 

! 
R o l l  number 1 1 1 5 1  1 1 5 3  1 1 1 5 5  1 1 5 7  I 

,- - -  
1 1 5 9  1 1 1 6 1  1 1 1 6 3  1 

B a s i c  w e i g h t  g/m2 1 1 5 . 9  1 1 5 . 9  1 1 6 . 5  1 5 . 8  1 5 . 5  1 1 5 . 4  1 5 . 9  1 5 . 0  
- 

Bulk  I 2  P l i e s  0 5 1  1 0 5 3  9 5 4  . 0 5 l 1  1 . O 5 i t 1  . 0 5 1 "  0 5 i 1  . 0 5 0 1 '  

- -- 

B r e a k i n g  l e n g t h  g  
Machine d i r e c t i o n  1 564 1 5 5 8  5 7 2  1 9 0  1 5 0 0  1 644  1 6 6 2  / 5 0 0  

B r e a k i n g  l e n g t h  g  
C r o s s  d i r e c t  i o n  

1 262 1 2 9 2  1 2 5 0  1 2 3 4  1 244  1 2  1 2 6 6  1 1 5 0  

- ---. 

S t r e t c h  % I 1 7 . 6  1 1 '7 .8  1 6 . 7  1 4 . 1  1 7 . 4  1 6 . 6  1 7 . 0  

--. - ---- I -- 



TABLE N015 

WIGGINS TEAPE - DARTF0'F.D PAPER MILL 

B U L K Y  DUPLICATING PAPER 

LABORATORY MEASUREMEINTS 

7 - . ,. - -- . ------ - 

i Composition % 
I 

c e l b i  (Eucalyptus)  25 
I 

Guyana wood pu lp  3 3 , 3  

Long f i b e r s  Kra f t  3 3 , 3  

Broke 

' 
: Bas ic  weight g/m2 

Ashes a t  600°C % 

Bulk 
Thickness 

A i r  p e rmeab i l i t y  129.2 1 
Brigh tness  i 76,6 
~ r i ~ h t n e s s  ( b a s i c  UV) ! 7 5 , 8  

Burst  
: 
: Breaking l e n g t h  m rn 14275 

CD ,357 1 1 
i 

Tear 

1 Dennisson 

hI-D 1 C2 
c D l14,G 
Aver. 103 

14/12 , 

BEST AVAILABLE COPY 



C o m ~ a r i s o n  of Paoer c h a r a c t e r i s t i c s  Before 
and A f t e r  Use of  Guyanese Wood Pulp 

The Guyanese wood pu lp  manufactured a t  C e l l u l o s e  d l A q u i t a i n e  was used t o  
r e p l a c e  European hardwood pu lp  i n  the composi t ion of s e v e r a l  t y p e s  of paper :  

. bulked paper  f o r  book 

. b a s e  f o r  c o a t i n g  

. wood f r e e  o f f s e t  

. whi te  f r o n t  f o r  m u l t i - p l y  board . w a t e r l e a f  paper  t o  be su lphur ized  

These tests made it p o s s i b l e  t o  conf i rm t h e  r e s u l t s  o b t a i n e d  by comparing, 
i n  t h e  l a b o r a t o r y ,  t h e  Guyanese wood pu lp  w i t h  t h e  t r a d i t i o n a l  hardwood 
pu lp  of C e l l u l o s e  d l A q u i t a i n e :  

. more d i f f i c u l t  r e f i n i n g  

. v e r y  c l o s e  mechanical  c h a r a c t e r i s t i c s  . s l i g h t l y  i n f e r i o r  o p a c i t y  

. s u p e r i o r  p o r o s i t y  . i n c r e a s e d  a b s o r p t i o n  power . h i g h l y  s u p e r i o r  b u l k  

. more i r r e g u l a r  s u r f a c e  c o n d i t i o n  

The on-machine runn ing  of paper  w i t h  Guyanese wood pu lp  f u r n i s h  d i d  n o t  
s e t  any problems even a t  a  v e r y  high p e r c e n t a g e  (80%). The f o l l o w i n g  was 
noted : 

. b e t t e r  d r a i n i n g  a t  t h e  wet p a r t  

. h i g h e r  d e g r e e  of a b s o r p t i o n  on t h e  s i z e  p r e s s  

. t o t a l  absence  of l i n t i n g  a t  t h e  wet p a r t ,  c o n t r a r y  t o  what we 
had been l e d  t o  e x p e c t  by t h e  p resence  of l a r g e  v e s s e l s  i n  t h e  pulp .  

Q u a l i t y  of  t h e  paper :  

. bulked paper  f o r  p r i n t i n g  and w r i t i n g  

Guyanese wood pu lp  makes i t  p o s s i b l e  t o  o b t a i n  a  b e t t e r  b u l k  than  
t h a t  o b t a i n e d  w i t h  t h e  euca lyp tus  pu lp  which h a s  t h e  h i g h e s t  known 
d e g r e e  of b u l k  on t h e  market ;  a paper  which is  extremely permeable 
t o  a i r ,  w i t h  a  b r e a k i n g  l e n g t h  and t e a r  v e r y  c l o s e  t o  t h o s e  
ob ta ined  w i t h  t h e  beech o r  e u c a l y p t u s  p u l p s .  With no modif i -  
c a t i o n  of t h e  f i l l i n g  percen tage ,  a b s o r p t i o n  on t h e  s i z e  p r e s s  w a s  
h i g h e r ,  o p a c i t y  a  l i t t l e  lower,  w h i l e  r i g i d i t y  remains  i d e n t i c a l  t o  
t h a t  o b t a i n e d  w i t h  beech o r  e u c a l y p t u s  p u l p s ,  and t h e  s u r f a c e  
f i n i s h ,  a l t h o u g h  i n f e r i o r ,  is above s t a n d a r d .  

. b a s e  paper  f o r  c o a t i n g  

Guyanese wood p u l p  p r o v i d e s  a l e s s  opaque and s l i g h t l y  l e s s  r e g u l a r  
paper ,  b u t  i t  should be noted t h a t  t h e  b u l k  and t h e  t e a r  a r e ' o f  i e s s e r  



i n t e r e s t  i n  t h i s  type of paper,  and t h a t  t h e  q u a l i t i e s  of t h e  Guyanese 
pulp cannot  be v a l o r i z e d .  

. mult i -ply board w i t h  white  f r o n t  

The low degree  of o p a c i t y  of t h e  Guyanese pu lp  l e d  t o  a  r e d u c t i o n  
of t h e  b r i g h t n e s s  of t h e  board, which however possesses  a  g r e a t e r  
degree  of bu lk  and of s t i f f n e s s .  The noted i r r e g u l a r i t y  of t h e  
s u r f a c e  would appear t o  be  less favourable  f o r  p r i n t i n g ;  t h i s  r e q u i r e s  
confirmation.  

. wood-free d r y  f i n i s h  and s i zed  o f f s e t  p r i n t i n g  paper 

The replacement of ches tnu t  pulp w i t h  Guyane pulp l e d  t o  an i n c r e a s e  
of t h e  bu lk  and abso rp t ion  and a  r educ t ion  of t h e  dry  f i n i s h ;  t h e  
o t h e r  c h a r a c t e r i s t i c s  remain very  s i m i l a r .  No problem was noted 
du r ing  running through t h e  machine. 

. water leaf  paper t o  be sulphurized 

The replacement of Aqui ta ine  pulp w i t h  Guyane pulp l e d  t o  an i n c r e a s e  
of r e f i n i n g ,  a  cons ide rab l e  i n c r e a s e  of t h e  bulk,  of t h e  t e a r ,  and of 
t h e  l e v e l  of t h e  absorbency, which is an  extremely important  q u a l i t y  
i n  t h e  s u l p h u r i z a t i o n  ope ra t i on .  The o the r  phys i ca l  c h a r a c t e r i s t i c s  
a r e  f a i r l y  s i m i l a r  and no d i f f e r e n c e  i n  t h e  behaviour on t h e  machine 
was noted. 

. f a c i a l  t i s s u e  

The replacement of S t .  Anne pulp and of 20% of t h e  softwood pulp 
w i t h  Guyane pulp d i d  no t  a f f e c t  e i t h e r  t h e  running on t h e  machine 
o r  t h e  c h a r a c t e r i s t i c s  of breaking r e s i s t a n c e .  

. bulked paper f o r  d u p l i c a t i n g  

The replacement of t h e  euca lyptus  pulp w i th  Guyana pulp provided 
e x c e l l e n t  r e s u l t s .  The paper had a  uniform formation and an 
e x c e l l e n t  s u r f a c e  without  l i n t .  

Guyanese hardwood bleached s u l p h a t e  pulp i s  thus  commercially accep tab l e  
on i n t e r n a t i o n a l  markets  f o r  t h e  manufacture of a  l a r g e  range of wh i t e  paper 
and boards . 
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SOME POINTS TO CONSIDER I N  IMPROVING 

THE UTILIZATION OF TROPICAL FORESTS 

Pedro M. P i c o r n e l l  

I n  t h e  f a c e  of a  world economy confronted by an ever i nc reas ing  demand f o r  
wood, improving t h e  u t i l i z a t i o n  of t r o p i c a l  f o r e s t s  has  assunled importance 
and urgency. This i s  because: 

1. I n  many coun t r i e s  where t r o p i c a l  f o r e s t s  were once thought  t o  be  
i nexhaus t ib l e ,  it i s  now r e a l i z e d  t h a t  i f  something i s  not  done 
r i g h t  away, t h e s e  c o u n t r i e s  may be  running out  of  such f o r e s t s  i n  
t h e  near  f i t u r e .  Consequently, t h e  proper u t i l i z a t i o n  of t h e  
remaining f o r e s t s  has  become e s s e n t i a l  t o  i nc rease  t h e i r  v a l u e ,  
extend t h e i r  l i f e ,  and h e l p  pay f o r  ex t ens ive  r e f o r e s t a t i o n  and 
o t h e r  remedial  programs. 

2.  I n  many t r o p i c a l  c o u n t r i e s ,  t h e  t imber  which could b e  e a s i l y  and 
cheaply e x t r a c t e d  i s  a l r eady  gone. The remaining t imber  i s  l oca t ed  
i n  a r e a s  where e x t r a c t i o n  i s  d i f f i c u l t  and expensive. Consequently, 
u t i l i z a t i o n  must be  maximized t o  keep c o s t s  down, and e x t r a c t i o n  
economical. 

3. I n  many t r o p i c a l  c o u n t r i e s ,  s h i f t i n g  a g r i c u l t u r e  has  no t  y e t  been 
succes s fu l ly  conta ined ,  ex t ens ive  f o r e s t  l ands  cont inue  t o  be 
des t royed ,  and e f f o r t  must be  made t o  curb s h i f t i n g  c u l t i v a t i o n ,  
o r  i n  t h e  very l e a s t ,  g e t  t h e  t imber  harves ted  ahead of t h e  c u l t i -  
v a t o r s .  One very  e f f e c t i v e  way of c o n t r o l l i n g  s h i f t i n g  c u l t i v a -  
t i o n  i s  by inc reas ing  t h e  a v a i l a b i l i t y  o f  jobs i n  t h e  a r e a  and 
t h i s  can be  done by inc reas ing  t h e  u t i l i z a t i o n  o f  t r o p i c a l  hardwoods. 

4. Recent t e chno log ica l  developments i n  developed c o u n t r i e s  have 
r e s u l t e d  i n  products  which now compete wi th  some o f  t hose  coming 
from t r o p i c a l  woods. Consequently, it i s  now ve ry  important  t o  
keep t h e  c o s t  of products  from t r o p i c a l  t imbers  a t  compet i t ive  
l e v e l s .  

5 .  The remote l o c a t i o n  o f  most of  t h e  remaining t r o p i c a l  t imber  
s t ands  make t h e  t r a n s p o r t a t i o n  of  products  from t h e s e  d i f f i c u l t  
and expensive,  t h i s  adding t o  t h e i r  cos t  a t  p o i n t  o f  use.  Again, 
improved u t i l i z a t i o n  i s  t h e  answer t o  keep c o s t s  down. 

A t  t h e  o u t s e t ,  I must po in t  out t h a t  because o f  t h e  d i v e r s i t y  of  condi t ions  
i n  c o u n t r i e s  wi th  t r o p i c a l  woods, I w i l l  confine my paper t o  gene ra l  p r i n c i -  
p l e s  app l i cab l e  t o  most a r ea s  wi th  t r o p i c a l  f o r e s t s  r a t h e r  t h a n  go i n t o  cases  
s p e c i f i c  t o  any one country.  I a m  u s ing  as my base  my a c t u a l  experience i n  
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t h e  Phi l ippines  and Indonesia, and observations made i n  o ther  p laces  where 
such f o r e s t s  e x i s t .  

Also, I must s t r e s s  t h a t  I a m  not a f o r e s t e r  and I am not speaking from a 
s t r i c t l y  t echn ica l  point  of view. However, I have been involved i n  planning 
t h e  u t i l i z a t i o n  and marketing of products from t r o p i c a l  f o r e s t s  f o r  over 
25 years and I believe t h a t  I have some experience i n  both t h e  marketing and 
manufacturing f i e l d s  t h a t  may be use fu l  t o  some of you i n  these  f i e l d s .  
Nothing which I w i l l  say w i l l  be new t o  you. You must have heard some points  
I w i l l  b r ing up a t  one time o r  another. What I w i l l  t r y  t o  do i s  t o  
organize a l l  of  these  methodically so  a s  t o  give you a c l e a r  p ic tu re  of t h e  
problems we face i n  improving t h e  u t i l i z a t i o n  of t r o p i c a l  f o r e s t s ,  and some 
poss ib le  solut ions  t o  these.  

There a r e  t h r e e  fundamental c h a r a c t e r i s t i c s  of t r o p i c a l  f o r e s t  s tands which 
a f f e c t  t h e i r  u t i l i z a t i o n .  These a r e  as  follows: 

1. Tropical  f o r e s t  s tands usual ly  contain a g rea t  number of species.  
The p roper t i e s  of t h e  wood from these  vary g r e a t l y  from species  
t o  species ,  and, i n  many cases from t h e  point  of  view of u t i l i -  
zat ion,  d i f f e r e n t  species cannot be put  i n t o  t h e  same uses.  

2. Most t r o p i c a l  timber stands a re  not  even-aged. A t  any one time, 
the re  a r e  t r e e s  of any one of  t h e  species s t a r t i n g  t o  grow, 
maturing, and beginning t o  d ie .  A c h a r a c t e r i s t i c  of an over- 
mature t r e e  i n  a t r o p i c a l  timber stand is  t h a t  it s t a r t s  t o  r o t  t h e  
moment it reaches maturi ty,  and many t r e e  species s t a r t  r o t t i n g  
through t h e  center .  Consequently, t h e  q u a l i t y  of wood t h a t  can be 
expected t o  come from any p a r t i c u l a r  species wi th in  a p a r t i c u l a r  
timber stand can be very varied.  

3. Tropical  f o r e s t  s tands ,  from t h e  commercial point  of view, have a 
very d iverse  species composition with a corresponding wide range of 
marketabil i ty.  Timber ex t rac t ion  has tended t o  be confined t o  
some species favored i n  t h e  market, leaving i n f e r i o r  r e s i d u a l  
s tands of species with hardly any, or  no marketabi l i ty  a t  a l l .  
Likewise, t h e  market has preferred  t h e  b e t t e r  grade of logs ,  
leaving t h e  low grades with hardly any market a t  a l l .  

For many years  i n  t h e  p a s t ,  t r o p i c a l  woods were considered luxury items, 
and only t h e  high grades of t h e  most des i red  species  were so ld  i n  t h e  
ex-port markets. L i t t l e  e f f o r t  was made t o  develop markets f o r  t h e  lower 
grades and f o r  t h e  l e s s  popular species avai lable .  This was so because t h e  
p r o f i t  margins earned from t h e  s a l e  of t h e  high grades,  due t o  easy 
ex t rac t ion  and good demand, r e s u l t e d  i n  very p r o f i t a b l e  operations. Also, 
d m e s t i c  markets f o r  t h e  lower grades which could not r e a d i l y  be exported 
were not ava i l ab le  because of t h e  remote loca t ion  of t h e  sources of t h i s  
timber and t h e i r  small population with very l imi ted  purchasing power. 

Thus, f o r  many years only t h e  b e s t  wood from a very small number of species 
ava i l ab le  i n  a t r o p i c a l  f o r e s t  s tand found t h e i r  way i n  t h e  i n t e r n a t i o n a l  



t imber market, mostly i n  t h e  f i e l d s  of f i n e  panel ing  and f i n e  cabinet  
making, t h i s  being due t o  t h e  exce l l en t  q u a l i t i e s  of  t h e s e  woods a s  f a r  a s  
g ra in ,  f i g u r e ,  and a b i l i t y  of tak ing  f i n i s h e s .  Many o the r  spec ies  found 
i n  t r o p i c a l  t imber s tands  do not  have t h e s e  c h a r a c t e r i s t i c s ,  but  do make 
very good cons t ruc t ion  t imbers .  However, it i s  not easy t o  export construc- 
t ion-type t imber because very many o the r  coun t r i e s  have cons t ruc t ion  t imbers  
of t h e i r  own. Moreover, t h e r e  a r e  many o ther  cons t ruc t ion  ma te r i a l s  which 
compete with wood such a s  s t e e l ,  concrete ,  aluminum, and o thers .  Also, t h e  
very high f r e i g h t  on timber products makes it d i f f i c u l t  f o r  t r o p i c a l  con- 
s t ruc t ion- type  timber t o  compete with o the r  ma te r i a l s  of cons t ruc t ion  i n  
o ther  coun t r i e s .  A l l  t he se  l imi t ed  t h e  development of  a good market f o r  
t r o p i c a l  woods used a s  cons t ruc t ion  timber.  

Very r e c e n t l y ,  t h e  development of p r i n t i n g ,  overlayment, p l a s t i c  lami-  
na t ion  and o ther  p re f in i sh ing  processes f o r  plywood and composition board 
have permit ted t h e  wider use of o the r  spec ies  and lower grade woods e x i s t i n g  
i n  t r o p i c a l  f o r e s t s .  It has been found t h a t  many t r o p i c a l  woods which 
have not  previously found use i n  t h e  manufacture of high q u a l i t y  plywood, 
because t h e s e  d id  not have t h e  g r a i n  o r  f i g u r e ,  can now be  used because of 
t h e i r  a b i l i t y  t o  t a k e  t h e  necessary f i n i s h e s .  A l o t  of more work s t i l l  
has t o  be done i n  t h e  proper g lu ing  of veneers of d i f f e r e n t  spec ies  of wood, 
and i n  t h e  prepara t ion  o f  su r faces  t o  t ake  on t h e  necessary f i n i s h e s .  Much 
work is being done along t h e s e  l i n e s  and t h i s  has cont r ibuted  s u b s t a n t i a l l y  
t o  t h e  increased u t i l i z a t i o n  of t r o p i c a l  woods. 

Much work i s  a l s o  being done i n  t h e  use of mixed t r o p i c a l  spec ie s  i n  t h e  
manufacture of composition board (pa r t i c l eboa rd ,  hardboard, medium dens i ty  
board, e t c . ) .  This has met with considerable success by keeping t h e  
composition of  t h e  mix of raw ma te r i a l s  going i n t o  t h e  process a s  constant  
a s  poss ib le .  More on t h i s  l a t e r  on. However, a s  almost any country 
which has any type  of f i b e r  can develop some kind of a composition board 
indus t ry  ( straw, baggasse, low q u a l i t y  wood, e t c .  ) composit i on  board made 
out  of  t r o p i c a l  woods, when exported,  i s  placed a t  a g rea t  disadvantage,  
because a f t e r  having t o  pay high f r e i g h t  r a t e s ,  it s t i l l  has t o  compete 
with cheaper domestic products .  

Recent developments i n  t he  use of mixed t r o p i c a l  woods i n  the  manufacture 
of pulp and paper w i l l  g r e a t l y  con t r ibu te  t o  t h e  improved u t i l i z a t i o n  of 
t r o p i c a l  t imber s tands .  Most of t h e  spec ie s  found i n  a t r o p i c a l  t imber 
s tand can be pulped although cooking cycles  and chemical consumption can 
vary widely. However, spec ies  with c h a r a c t e r i s t i c s  s i m i l a r  enough can be 
grouped together  and pulped together .  It i s  s u r p r i s i n g  how t h e s e  groupings 
can be reduced t o  a r e l a t i v e l y  small  number considering t h e  very many 
spec ie s  t h a t  a r e  normally found i n  t h e  t imber s tands.  What i s  very important 
i s  t o  have a good record of t h e  d i s t r i b u t i o n  of spec ie s  wi th in  t h e  a r e a  of 
f o r e s t  opera t ions  and t o  plan t h e  e x t r a c t i v e  opera t ions  so t h a t  t h e s e  a r e  
d i s t r i b u t e d  over an a r e a  wide enough s o  t h a t  by proper planning,  t h e  timber 
coming t o  t h e  processing a rea  can be blended s o  a s  t o  have a more o r  l e s s  
of a constant  mix over a given period of t ime. It may a l s o  be necessary 
t o  have a number of s tockp i l e s  by groups of  spec ies  and do f u r t h e r  blending 
a s  t h e  wood i s  fed t o  t h e  m i l l .  Considering t h a t  e x t r a c t i v e  opera t ions  



i n  t r o p i c a l  t imber s tands ,  i f  properly planned, can be c a r r i e d  over t h e  
e n t i r e  yea r ,  t h e s e  s t o c k p i l e s  need no t  be very l a r g e ,  and t h i s  e n t i r e  
opera t ion  can be c a r r i e d  out  e f f i c i e n t l y  and r e l a t i v e l y  inexpensively.  
Such an opera t ion  i s  a l s o  very handy i n  planning t h e  wood supply f o r  
feeding plywood m i l l s  and sawmills where it i s  a l s o  important t o  in su re  a 
uniform feed of raw m a t e r i a l s  i n  order  t o  have a reasonable c o n t r o l  of  t h e  
r e s u l t i n g  product mixes. The computerization of t h e  recording of t h e  
s tanding  t imber,  t h e  s tocks  of wood i n  t h e  yard,  work i n  process ,  and 
f i n i s h e d  products  can be very u s e f u l  a t  t h i s  po in t .  

Another very recent  development which has helped improved t h e  u t i l i z a t i o n  
of t r o p i c a l  t imbers  i s  t h e  use  of waste wood i n  t h e  genera t ion  of steam 
and e l e c t r i c a l  energy. Before t h e  energy c r i s i s ,  it was d i f f i c u l t  t o  
j u s t i m  t h e  a d d i t i o n a l  investment requi red  f o r  t h e  use of wood i n  t h e  l a r g e  
s c a l e  genera t ion  of steam and e l e c t r i c a l  energy, s p e c i a l l y  when high 
pressures  a r e  used. With t h e  advent of t h e  energy c r i s i s ,  t h e  s i t u a t i o n  has 
d e f i n i t e l y  changed although t h e  economics of doing t h i s  a r e  s t i l l  q u i t e  
s e n s i t i v e  t o  t h e  d i s t ance  wood has t o  be t r anspor t ed  t o  g e t  it t o  t h e  power 
s t a t i o n .  Also, more research  has t o  be done on t h e  design of b o i l e r s  t o  
burn wood t o  generate  high-pressure steam more e f f i c i e n t l y ,  and it may be 
t h a t  t o  do so ,  wood may have t o  be burned i n  combination with f u e l  o i l  o r  
o the r  f u e l s .  Again, a c e r t a i n  amount of  segregat ion  of  spec ie s  may be 
necessary t o  in su re  as homogenous a feed a s  poss ib l e ,  and waste hea t  
exchangers o r  dryers  could be designed t o  dry t h e  wood a s  much a s  poss ib l e  
before in t roducing  it i n t o  t h e  combustion chambers f o r  more e f f i c i e n t  
combustion. The use of  waste wood, and even t h e  growing of c e r t a i n  f a s t -  
growing spec ies  s p e c i f i c a l l y  f o r  use a s  f u e l  i n  t h e  l a r g e  s c a l e  genera t ion  of 
steam and e l e c t r i c a l  energy, a r e  d e f i n i t e  ways i n  which t o  improve t h e  
u t i l i z a t i o n  of t r o p i c a l  t imber s tands .  This  is  much more important i n  
developing coun t r i e s  which o f t e n  do not  have t h e i r  own supply of o i l  o r  
o the r  adequate energy generat ing f a c i l i t i e s  a v a i l a b l e  i n  developed coun t r i e s  
which have extens ive  and well-developed energy-generating s t a t i o n s  and 
extens ive  networks f o r  energy d i s t r i b u t i o n .  

Another b i g  problem i n  improving t h e  u t i l i z a t i o n  of t r o p i c a l  t imber s tands  
i s  t o  f i n d  uses f o r  t h e  lower grade wood coming from spec ies  which other-  
wise have acceptable  c h a r a c t e r i s t i c s .  The products from t r o p i c a l  t imber 
s tands  a r e  p resen t ly  exported i n  t h e  raw form ( logs  o r  squa res )  o r  i n  
a semi-manufactured form (rough o r  dressed lumber o r  sanded plywood) t o  
developed coun t r i e s  where they  a r e  f u r t h e r  processed i n t o  f i n i s h e d  products .  
The main c o n s t r a i n t  i n  shipping t h e  lower grades (of  q u a l i t y )  of otherwise 
acceptable  spec ie s  i s  t h e  f r e i g h t  f a c t o r  which forms a s u b s t a n t i a l  propor t ion  
of t h e  landed cos t  of t hese  timber products .  A s  f r e i g h t  i s  usua l ly  based 
on volume and it i s  t h e  same f o r  a prime grade p iece  o r  a low grade p i ece ,  
and, a s  t h e  product recovery from t h e  lower grades i s  u sua l ly  subs t .an t ia l ly  
below t h a t  from t h e  h igher  grades,  t h e  wood from a low grade p iece  becomes 
much more expensive than  t h a t  from a high grade p iece ,  even i f  t h e  u n i t  
f .0 .b.  p r i c e  paid a t  source i s  s u b s t a n t i a l l y  lower. As most of  t h e  
processes involved i n  f i n i s h i n g  a semi-finished p iece  of wood a r e  labor-  
i n t ens ive ,  t h e  most l o g i c a l  s t e p  t o  be taken both from t h e  po in t  of view of 
t h e  supplying country and t h e  importing country i s  t o  have a s  much of t h e  
process ing  done a t  t h e  source. This  has t h e  fol lowing advantages: 



1. Cheaper, lower q u a l i t y  primary m a t e r i a l s  can be used. 

2. There can be b e t t e r  waste u t i l i z a t i o n  (provided t h e  primary 
opera t ion  has been s e t  up with t h e  necessary i n s t a l l a t i o n s  t o  
do t h i s ) .  

3. Advantage can be taken  of t h e  usua l ly  lower labor  c o s t s  i n  t h e  
count r ies  wherein t h e  t r o p i c a l  t imber s tands  a r e  found. 

Of course,  it may no t  always be advisable  f o r  developing coun t r i e s  t o  go 
i n t o  t h e  manufacture of completely f in i shed  products  f o r  export  t o  
developed count r ies  b u t ,  with t h e  increas ing  use of s tandardized components 
a l l  over t h e  world, coun t r i e s  with t r o p i c a l  t imber s tands  should go more and 
more i n t o  t h e  manufacture of components in s t ead  of l i m i t i n g  themselves t o  
producing rough and dressed lumber and sanded plywood. This  w i l l  r e s u l t  i n  
advantages t o  both buyer and s e l l e r  because: 

1. The processor  can use lower grade wood products  t h a t  otherwise 
cannot be so ld  abroad. 

2. Any waste generated can be used r i g h t  t h e r e  a t  poin t  of manufac- 
t u r e ,  t h u s  improving t h e  u t i l i z a t i o n  of t h e  t imber s tand.  

3. Uses can be  developed f o r  spec ie s  not  p re sen t ly  exported,  perhaps 
f o r  hidden p a r t s .  

4. The buyer can t ake  advantage of t h e  usua l ly  lower labor  r a t e s  
obta in ing  i n  t h e  coun t r i e s  where t r o p i c a l  t imber s tands  a r e  
loca ted .  

On t h e  o the r  hand, developing count r ies  who want t o  g e t  i n t o  t h e  manu- 
f ac tu re  of components should r e a l i z e  t h a t :  

1. Tolerances and standards of  q u a l i t y  f o r  components a r e  usua l ly  
much more exac t ing  than f o r  rough and f in i shed  lumber and sanded 
plywood, hence t h e  need f o r  a very much t i g h t e r  q u a l i t y  cont ro l .  

2. Shipping schedules a r e  much more important.  

3. Marketing techniques and inventory con t ro l s  a r e  much more d i f f i -  
c u l t .  

4. M i l l s  w i l l  have t o  handle a g r e a t e r  v a r i e t y  of  products  t h a t  r e q u i r e  
much more soph i s t i ca t ed  packaging and d i s t r i b u t i o n  procedures.  

Consequently, while f u r t h e r  processing i s  one of t h e  most important solu- 
t i o n s  t o  t h e  use of  lower q u a l i t y  wood from t r o p i c a l  t imbers ,  t h e  soph i s t i -  
ca t ion  requi red  i n  f u r t h e r  processing must not  be overlooked. 

Another avenue t o  he lp  improving t h e  u t i l i z a t i o n  of t r o p i c a l  t imber stands, 
a s  a l ready mentioned, i s  t o  increase  t h e  use of both f o r e s t  and m i l l  



waste i n  t h e  manufacture of pulp and paper and composition board. This  
opens i n t e r e s t i n g  p o s s i b i l i t i e s  even i f  t h e  products have t o  be  so ld  
mostly i n  t h e  domestic market f o r  t h e  time being. 

I n  t h i s  connection, coun t r i e s  wi th  t r o p i c a l  t imber s tands  must make a 
se r ious  e f f o r t  t o  develop a  domestic market f o r  t h e  lower grade products  
which have no export  markets,  otherwise,  mounting c o s t s  w i l l  make t imber 
e x t r a c t i o n  of  t h e  remaining s tands  inc reas ing ly  expensive a s  t h e s e  a r e  
pushed back i n t o  t h e  more inaccess ib l e  a reas .  A number of  poss ib l e  products  
have a l r eady  been discussed.  However, t h e  problem i s  not  only one of pro- 
duct ion ,  it inc ludes  one of marketing where cons iderable  imagination w i l l  
be needed. The t r o p i c a l  wood indus t ry  must come up wi th  product l i n e s  which 
must be a t t r a c t i v e ,  p r a c t i c a l  f o r  t h e  t a r g e t  market, and must s e l l  a t  
competi t ive p r i ces .  

More work has t o  be done on t h e  packaging of  products  coming from t r o p i c a l  
f o r e s t s  t o  lower shipping and handling cos t s .  The use  of con ta ine r i za t ion  
can be of g r e a t  help.  However, conta iner  sh ips  r e q u i r e  improved p o r t  
f a c i l i t i e s  and good scheduling. This  i s  a f a c t o r  of  g r e a t e s t  importance 
when planning wood process ing  f a c i l i t i e s  i n  developing coun t r i e s .  

And l a s t ,  but  by no means l e a s t ,  i s  t h e  c r i t i c a l  problem which t r o p i c a l  
timber opera t ions  f ace  i n  perpe tua t ing  t h e i r  t imber resources.  A very  l a r g e  
p a r t  of t h e  world 's  t r o p i c a l  t imber resources  have been squandered but  t h e  
s i t u a t i o n  can s t i l l  be  saved i f  remedial  measures a r e  promptly taken.  The 
problem i s  very  complicated and it w i l l  t ake  time and g rea t  e f f o r t  t o  work 
out  a  s a t i s f a c t o r y  program and s e e  it through. Whether we t r y  t o  perpe tua te  
e x i s t i n g  spec ie s ,  o r  r ep lace  a l l  o r  p a r t  of t h e s e  with o ther  spec ie s  t o  be  
developed f o r  s p e c i a l  uses ,  o r  go t o  a combination of  t hese ,  we do have some 
c o n t r o l  over what can be  done and should be done. I n  temperate coun t r i e s ,  
t h e  growing of  t r e e s  a s  crops has a l r eady  been i n  use  f o r  many yea r s  and 
g e t t i n g  higher  y i e l d s  from t h e i r  f o r e s t  lands.  I n  t h e  t r o p i c s ,  we work along 
s i m i l a r  l i n e s ,  t ak ing  advantage of c l ima t i c  and s o i l  condi t ions  very  favora- 
b l e  f o r  t h e  development o f  high-yield f o r e s t s ,  and a t  t h e  same t ime,  working 
out a proper  balance f o r  t h e  p rese rva t ion  of  t h e  o r i g i n a l  spec ie s  wherever 
poss ib le .  I f  we a c t  now, t h e  t r o p i c s  w i l l  cont inue a s  an inexhaus t ib l e  
source of wood f o r  t h e  b e n e f i t  of a l l  mankind. 
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ABSTRACT 

The problems of e s t a b l i s h i n g  chemical p rocess  i n d u s t r i e s  i n  developing 
c o u n t r i e s  a r e  considered.  The b a s i c  chemicals t o  support  t h e  pulp and 
paper i n d u s t r y  a r e  s a l t ,  s u l f u r ,  soda a s h ,  and t h e  c h l o r a l k a l i s .  Problems 
wi th  t h e  e x b t i n g  i n f r a s t r u c t u r e ,  c o s t s  of cons t ruc t ion ,  p rocess ing  c o s t s ,  
overhead, support  f a c i l i t i e s ,  and markets a r e  analyzed.  F i l l e r s  and 
pigments a r e  a l s o  d i s cus sed ;  most a r e  no t  a v a i l a b l e  i n  t h e  developing 
c o u n t r i e s  bu t  must be imported. A s  a  r e s u l t ,  t h e  c o s t s  of product ion w i l l  
b e  excess ive  and on ly  a  l i m i t e d  domestic market could be  served.  



PROBLEMS I N  PROCESS CHEMICAL PROCUCTION 

I N  DEVELOPING COUNTRIES 

Haydn H. Murray 

INTRODUCTION 

Most of t he  developing c o u n t r i e s  of t h e  world a r e  l oca t ed  i n  t h e  t r o p i c a l  
and s u b t r o p i c a l  zones. Parham (1) pointed ou t  t h a t  developing n a t i o n s  
a r e  no t  s c a t t e r e d  haphazardly ac ros s  t h e  e a r t h ' s  s u r f a c e  bu t  a r e  con- 
cen t r a t ed  i n  t h e  h o t ,  humid t r o p i c s  where t h e  lartd i s  covered wi th  
heav i ly  leached rock-weathering products .  This  r e s u l t s  i n  a h o s t  of 
problems inc lud ing  s o i l  f e r t i l i t y ,  food product ion,  a g r i c u l t u r a l  p r a c t i c e s ,  
man and animal n u t r i t i o n ,  d e f o r e s t a t i o n ,  water q u a l i t y ,  pub l i c  h e a l t h ,  
and r ap id  e ros ion  of t h e  s o i l s .  From a geologica l  and minera log ica l  
s tandpoin t  t h e s e  developing coun t r i e s  w i l l  have 21 very  tough job i n  
producing high-protein food because t h e  s o i l s  d e t e r i o r a t e  r a p i d l y  a s  food 
product ion is increased ,  because t h e  s o i l s  have a very  low n u t r i e n t  
conten t  and a high alumina, s i l i c a ,  and i r o n  con1:ent. 

I n  a d d i t i o n  t o  t h e  b a s i c  s o i l s  problev,another  major problem is t h a t  many 
of t h e  i n f r a s t r u c t u r e s  i n  t h e  developing c o u n t r i e s ,  such a s  educa t ion ,  
c o m n i c a t i o n s ,  and i n d u s t r i a l  a c t i v i t i e s ,  a r e  inadequate .  Education is 
i n s u f f i c i e n t  and l a c k s  s p e c i a l i z a t i o n ;  l abo r  i s  :Largely unsk i l l ed ;  com- 
munications a r e  poor,  and t h e r e  is a n  a c u t e  shor l~age  of development 
c a p i t a l ,  cheap energy r e sou rces ,  s e r v i c e s ,  and kriowhow t o  e s t a b l i s h  
p r o f i t a b l e  i n d u s t r i a l  a c t i v i t i e s .  Thus, t h e  devczloping c o u n t r i e s  r e l y  
on t h e  e x p l o i t a t i o n  and expor t  of t h e i r  n a t u r a l  r e sou rces ,  and even then 
t h e i r  p r i n c i p a l  handicap i s  t h a t  they  cannot make f u l l  u se  of t h e i r  raw 
ma te r i a l s .  The raw m a t e r i a l s  a r e  not  processed : ; u f f i c i en t ly  t o  ga in  a 
reasonable  added va lue ,  which would permit them LO pay decent  salaries, 
o b t a i n  necessary  sav ings  f o r  re investment ,  and c o n t r i b u t e  t o  f u r t h e r  
development of t h e  country.  An example of t he  above i s  t h e  process ing  
of baux i t e  t o  alumina metal .  

4 t ons  of baux i t e  -- 2 tons  alumina - I ton  aluminum 
$80 $240 $1,000 

The process ing  of b a u x i t e  t o  alumina i n c r e a s e s  t h e  va lue  from 4 t o  
6 t i m e s ,  and by making t h e  metal  ingot  t h e  va lue  i n c r e a s e s  more than  
4 times again.  To be  a b l e  t o  make a l l  t h e s e  a d d i t i o n a l  ga in s ,  t h e  
processor  h a s  t o  possess  s i z a b l e  investment c a p i t a l ,  adequate  technology, 
and have a t  h i s  d i s p o s a l  an abundant source of c.neap energy,  and of 
course must have a market f o r  t he  metal .  I n  many i n s t a n c e s  under- 
development is cha rac t e r i zed  by the  i n a b i l i t y  of a count ry  t o  mobil ize  
s u f f i c i e n t  c a p i t a l  investment ,  t echnologica l  s k i l l s ,  and market capac i ty  
t o  d e l i v e r  a processed o r  r e f i n e d  product r a t h e r  than t h e  raw ma te r i a l .  



The Food and Agr i cu l tu re  Organizat ion of t h e  United Nations (2) has  
p ro j ec t ed  an  economic growth r a t e  of approximately 4% t o  1 9 9 0 f o r  t h e  
world and a  growth r a t e  f o r  t o t a l  paper and paperboard between 3.5 and 
4% f o r  t h i s  same per iod .  A t  p r e sen t  over  80% of t h e  wor ld ' s  t o t a l  raw 
m a t e r i a l  requirements  a r e  m e t  by wood harves ted  from t h e  t r a d i t i o n a l  
supply a r e a s  of North America and Scandanavia. Changes i n  t h i s  market 
appear  i n e v i t a b l e  because t h e  r ecen t  s c a r c i t y  of f i b e r  r e sou rces  i n  t h e  
Scandanavian c o u n t r i e s  has  made fast-growing p l a n t a t i o n s  i n  such a r e a s  
a s  South America, Af r i ca ,  and Oceana an a t t r a c t i v e  a l t e r n a t i v e  supply of 
pulpwood. A t  p r e sen t  t h e s e  a r e a s  account f o r  on ly  4% of t h e  wor ld ' s  
woodpulp supply,  b u t  con ta in  28% of t h e  wor ld ' s  p roduct ive  f o r e s t  a r e a  
(excluding unstocked and u n c l a s s i f i e d  f o r e s t  l ands  and p ro t ec t ed  
f o r e s t s )  (3). W i l l  t h e s e  c o u n t r i e s  m b i l i z e  s u f f i c i e n t  c a p i t a l  t o  d e l i v e r  
a  v a l u e  added product o r  s e l l  t h e  wood? I f  a  pulp and paper i n d u s t r y  
develops i n  t he se  c o u n t r i e s ,  then s a t e l l i t e  chemical i n d u s t r i e s  t o  supply 
t h e i r  needs must a l s o  be developed. 

Chemical consumption by t h e  pulp and paper i n d u s t r y  i s  enormous. I n  t h e  
United S t a t e s  a  t o t a l  of 6,535,000 tons  of chemical were consumed by t h e  
paper i n d u s t r y  i n  1975 (source: C .  H. Kl ine  and Co.). The major 
chemicals  consumed were a s  fol lows:  

Tpa 

Caus t ic  Soda 
S a l t  Cake 
Chlor ine  
Lime 
S u l f u r i c  Acid 
S u l f u r  
Limes tone 
Sodium S u l f a t e  
Sodium Chlorate  
S a l t  
Soda Ash 

I n  a d d i t i o n  t o  t hose  l i s t e d  above cons iderab le  tonnages of aluminum 
s u l f a t e ,  c a s e i n ,  animal g lue ,  n a t u r a l  gums, r o s i n ,  s t a r c h e s ,  waxes, and 
s y n t h e t i c  polymers a r e  used in pulp and paper product ion.  

CHEMICAL SUPPLIES 

Sodium, s u l f u r ,  and c h l o r a l k a l i  chemicals dominate t h e  paper i ndus t ry .  
Most of  t h e  r equ i r ed  products  a r e  produced from t h e  more common chemicals 
and minera l s ,  and s e v e r a l  a r e  formed o r  regenera ted  w i th in  t h e  pulping 
r e a c t i o n  i t s e l f .  The mst  s i g n i f i c a n t  methods of chemical pulping,  
account ing  f o r  over 90% of t h e  t o t a l  world product ion,  a r e  t h e  s u l f a t e  
( k r a f t )  and t h e  s u l f i t e  process .  

The b a s i c  chemicals  requi red  a r e  s a l t ,  soda a sh ,  s u l f u r ,  l imes tone ,  and 
sodium s u l f a t e .  From these  almost a l l  t h e  chemicals  r equ i r ed  can be  processed. 
Again, however, c a p i t a l  investment ,  t e c h n i c a l  e x p e r t i s e ,  cheap energy, 



s k i l l e d  l abo r ,  and a s i z a b l e  market are requi red .  Very few developing 
c o u n t r i e s  can provide t he se  requirements.  Another problem i s  t h e  source 
of t h e  b a s i c  chemicals.  

S a l t  can be produced from s e a  water  so  t h e r e  i s  no problem a s  t o  an 
adequate  resource .  Natura l  soda a sh  comes from t h e  Trona d e p o s i t s  of 
southwestern Wyoming and t h e  l a k e  b r i n e s  i n  C a l i f o r n i a ,  Kenya, Sudan, 
and Botswana. Syn the t i c  soda a s h  can be produced by t h e  Solvay process  
us ing  s a l t  and l imestone,  b u t  energy c o s t s  f o r  t h i s  p rocess  a r e  r e l a t i v e l y  
high s o  t h a t  n a t u r a l  soda a s h  from Trona and laice b r i n e s  i s  growing 
r e l a t i v e  t o  t h e  s y n t h e t i c  soda a s h  production. Su l fu r  i s  widely d i s t r i -  
buted around t h e  world bu t  f o r  commercial produl-,tion is l a r g e l y  r e s t r i c t e d  
t o  d e p o s i t s  of e lementa l  s u l f u r  and p y r i t e s .  Tne major d e p o s i t s  of  
e lementa l  s u l f u r  a r e  found i n  t h e  gulf c o a s t  of t h e  United S t a t e s  and 
Mexico, Poland, S i c i l y ,  U.S.S.R., and I ran .  P y r i t e  (FeS2) i s  a major 
s u l f u r  resource .  The l e a d i n g  producing c o u n t r i e s  a r e  Japan, Spain,  I t a l y ,  
Cyprus, Norway, and t h e  U.S.S.R. A u s t r a l i a ,  t h e  Afr ican  copper b e l t ,  and 
Ch i l e  a r e  smal l  producers a t  p resen t  bu t  have ex t ens ive  r e se rves  and would 
be capable  of producing l a r g e  q u a n t i t i e s  of  s u l f u r  from p y r i t e  and o t h e r  
s u l f i d e  minerals .  Another important source of s u l f u r  is a s  a byproduct 
from sour  n a t u r a l  gas and c rude  o i l .  Important producing c o u n t r i e s  a r e  
United S t a t e s ,  Canada, I r a n ,  West Germany, I r a q ,  Mexico, and t h e  U.S.S.R. 

Limestone resources  of t he  world a r e  enormous bu t  h igh  calcium and chemi- 
c a l l y  pure l imestone r e s e r v e s  a r e  somewhat l i m i t e d  i n  c e r t a i n  a r ea s .  
However, l imestone resources  a r e  adequate i n  most of t h e  developing 
c o u n t r i e s  and could be u t i l i z e d  f o r  t h e  development of p rocess ing  
ope ra t i ons  t o  produce l i m e  and o the r  chemicals f o r  t h e  pulp and paper 
i n d u s t r y  when f e a s i b l e .  Sodium s u l f a t e ,  known commercially a s  s a l t  
cake, occurs  n a t u r a l l y  i n  Western United S t a t e s ,  Canada, Mexico, U.S.S.R., 
Spain,  Turkey, Argent ina,  Ch i l e ,  and South Af r i ca .  The f i r s t  f ou r  
c o u n t r i e s  l i s t e d  above a r e  t h e  major producers of n a t u r a l  s a l t  cake.  
By-product sodium s u l f a t e  which supp l i e s  about h a l f  of t h e  t o t a l  market 
i s  produced i n  t h e  manufacture of v i s cose  rayon, t he  manufacture of 
hydrochlor ic  a c i d  from s a l t  and s u l f u r i c  a c i d  i n  t h e  Mannhein furnace ,  
and i n  numerous o t h e r  processes  wherein c e r t a i n  sodium s a l t s  a r e  converted 
t o  a c i d s  by r e a c t i o n  wi th  s u l f u r i c  a c i d .  

Aluminum s u l f a t e  can be produced from t h e  r e a c t i o n  of baux i t e  o r  alumina 
wi th  s u l f u r i c  ac id .  Bauxite i s  an abundant resource  i n  many of t h e  
developing c o u n t r i e s  because i t  is an end product of i n t e n s i v e  t r o p i c a l  
weathering. Many of t h e  organic  chemicals such. a s  ca se in ,  s t a r c h ,  r o s i n s ,  
waxes, s y n t h e t i c  polymers, animal g lue ,  and n a t u r a l  gums would have t o  be 
imported because t h e  t o t a l  market f o r  t he se  products  would no t  j u s t i f y  
bu i ld ing  a process ing  p l a n t  j u s t  t o  supply t h e  pulp and paper i n d u s t r y  
i n  a developing country.  

Even though some of t he  developing c o u n t r i e s  hame r e sou rces  t o  produce 
the  needed chemicals requi red  by the  pulp and paper i n d u s t r y  t h e r e  a r e  
o t h e r  f a c t o r s  t h a t  would probably negate  bu i ld ing  chemical p rocess  
p l a n t s  i n  t h e  immediate f u t u r e .  These were mer.tioned i n  t h e  i n t roduc t ion  
and w i l l  be inc luded  i n  t h e  summary. 



FILLERS 4ND PIGMENTS 

Seve ra l  types  of paper a r e  f i l l e d  o r  loaded wi th  a  f i n e  minera l  powder 
(almost e x c l u s i v e l y  whi te )  e i t h e r  t o  reduce t h e  c o s t s  o r  t o  g ive  c e r t a i n  
phys i ca l  p r o p e r t i e s ,  such a s  h igher  opac i ty ,  good i n k  r e c e p t i v i t y ,  
improved p r i n t i n g  c h a r a c t e r i s t i c s ,  and a  b e t t e r  f e e l .  The use  of too  much 
f i l l e r  i s  d e t r i m e n t a l  t o  t h e  q u a l i t y  of t h e  paper a s  i t  may become weak, 
ab ra s ive ,  two s ided ,  and d i f f i c u l t  t o  s i z e .  I n  a d d i t i o n  t o  minera l s  
be ing  incorpora ted  w i th in  t h e  body of t h e  paper i t s e l f ,  they a r e  a l s o  
app l i ed  a s  t h i n  f i l m  o r  c o a t i n g  on t h e  s u r f a c e .  I n  gene ra l ,  t h e  reasons  
f o r  coa t ing  paper a r e  t o  improve the  r e c e p t i v i t y  of p r i n t i n g  ink ,  mask 
t h e  i n c o n s i s t e n c i e s  on t h e  o r i g i n a l  paper ,  produce a  high grade product ,  
apply a  moisture  r e s i s t a n t  f i l m ,  reduce ab ra s ion ,  l i m i t  f l u f f i n g ,  and t o  
produce a  s a l e a b l e  paper of high q u a l i t y .  The choice  of whi te  minera l  
f i l l e r s  and c o a t e r s  is  wide bu t  about 95% of a l l  t h e  minera l s  used a r e  
k a o l i n ,  t a l c ,  t i t a n i u m  d iox ide ,  and calcium carbonate .  By f a r  t h e  most 
important  mineral  f i l l e r  and c o a t e r  is k-aolin,  and i t  i s  es t imated  t h a t  
k a o l i n  c o n s t i t u t e s  about  80% o r  f o u r o u t n f  every f i v e  t o n s  of minera l s  
used i n  paper.  The minera l s  t h a t  c o n s t i t u t e  t h e  remaining 5% inc lude  
b a r i t e s ,  calcium s i l i c a t e s ,  calcium s u l f a t e ,  d i a tomi t e ,  z inc  pigments, 
alumina hyd ra t e ,  a sbes to s ,  p r e c i p i t a t e d  s i l i c a s ,  and carbon b lack .  

D. A .  Clarke (3) has  es t imated  t h a t  i n  Europe t h e  f i l l e r  and pigment 
consumption (tons) i n  paper is a s  fol lows:  

F i l l i n g  Coat ing To ta l  

Kaolin 1,600,000 
Talc  300,000 
Calcium Carbonate 100,000 
Ti02 50,000 
S i l i c a t e s  15,000 
S a t i n  White 
Alumina Hydrate 
Barium Compounds 5,000 

I n  t h e  United S t a t e s  t h e  f i l l e r  and pigment consumption i n  paper ( tons)  
f o r  1975 was a s  fo l lows  (3) - : 

Kaolin: Coat ing 
F i l l i n g  

Ta lc  
Calcium Carbonate: Coat ing 

F i l l i n g  
Ti02 : Coating 

F i l l i n g  
S i l i c a t e s  
S a t i n  White 
Alumina Hydrate 
Zinc Oxide 
Colored Pigments 



Kaolin i s  a white hydrated aluminum s i l i c a t e  mineral  t h a t  is  mined and 
bene f i c i a t ed  from d e p o s i t s  found i n  s e v e r a l  a r e a s  of t h e  world C4). The 
two most important  a r e a s  a r e  i n  Georgia and Soui:h Caro l ina  i n  sou theas t e rn  
U.S. and i n  t h e  Cornwall d i s t r i c t  of southweste~:n England. Other c o u n t r i e s  
which supply k a o l i n  f o r  the paper i ndus t ry  a r e  B r a z i l ,  A u s t r a l i a ,  West 
Germany, Spain,  U.S.S.R., Czechoslovakia, and Japan. Ta lc  i s  a hydrated 
magnesium s i l i c a t e  and is mined and processed t o  produce f i l l e r  q u a l i t y  
f o r  paper i n  F in land ,  U.S.A., France, U.S.S.R., South Korea, I n d i a ,  
China, I t a l y ,  Japan, Canada, and A u s t r a l i a .  Ca:Lcium carbonate  i s  e i t h e r  
ground t o  f i n e  p a r t i c l e  s i z e  o r  p r e c i p i t a t e d  t o  produce a q u a l i t y  
accep tab l e  f o r  t h e  paper i ndus t ry .  P re sen t ly  t h e  c o u n t r i e s  i n  which 
CaC03 is  produced f o r  use i n  paper a r e  t h e  United S t a t e s ,  England, France,  
West Germany, A u s t r i a ,  Spa in ,  I t a l y ,  Denmark, and Sweden. Titanium 
d iox ide  i s  produced us ing  r u t i l e  (Ti02) and/or  i lmeni te  (FeTi03) a s  t h e  
mineral  source.  Titanium dioxide  pigments a r e  .made by two b a s i c  processes ,  
t h e  s u l f a t e  and t h e  c h l o r i d e  (5). The major pr13duction f a c i l i t i e s  f o r  
Ti02 pigments a r e  l oca t ed  i n  tce United S t a t e s ,  West Germany, England, 
Japan,  France, and I t a l y .  

Other f i l l e r s  and pigments, a l though used i n  sma l l e r  q u a n t i t i e s ,  a r e  
important i n  t h a t  they c o n t r i b u t e  s p e c i f i c  p r o p e r t i e s  t o  paper t h a t  a r e  
needed f o r  s p e c i a l t y  a p p l i c a t i o n s .  Barytes  Cnatural barium s u l f a t e )  and 
b lanc  f i x e  ( syn the t i c  BaS04) a r e  used p r imar i l y  i n  t h e  manufacture of 
photographic papers .  The major producers a r e :  U.S.A., I r e l a n d ,  U.S.S.R., 
Mexico, West Germany, Tha i land ,  and China. Diatomite i s  t h e  s i l i c e o u s  
remains of microscopic a q u a t i c  p l a n t s  known a s  diatoms. They a r e  small 
i n  s i z e  and have an  extremely i n t r i c a t e  and porous s u r f a c e  w i th  a low 
s p e c i f i c  g r a v i t y  of around 2.  Diatomite h a s  h igh  water  and o i l  abso rp t ion ,  
which i s  u s e f u l  i n  paper manufacture a s  a f i l l e r  and p i t c h  c o n t r o l l e r .  
Diatomite  product ion l a r g e l y  comes from t h e  U.S .A. ,  Denmark, France, 
I t a l y ,  and West Germany. S a t i n  White (calcium t r i s u l f o a l u m i n a t e )  i s  a 
bulky white  pigment made from t h e  i n t e r a c t i o n  of s l aked  l i m e  and 
aluminum s u l f a t e .  The g r e a t e r  po r t i on  of s a t i n  whi te  i s  manufactured a t  
t h e  paper p l a n t  because of  i t s  very  h igh  water  conten t  and i ts  r e l a t i v e  
i n s t a b i l i t y .  Alumina hydra t e  (Al(OH)3) i s  produced by d i g e s t i n g  baux i t e  
i n  c a u s t i c  t o  form sodium aluminate .  Alumina t r i h y d r a t e  c r y s t a l s  are 
p r e c i p i t a t e d  by t h e  hyd ro lys i s  of t h e  sodium al.uminate s o l u t i o n .  It i s  
very  white  and b r i g h t  and is used i n  combination wi th  o p t i c a l  b r igh tnes s .  
Alumina t r i h y d r a t e  pigments a r e  manufactured i n  t h e  U.S.A., Germany, and 
Japan. Zinc pigments a r e  extremely f i n e  and have a h igh  b r igh tnes s  and 
opac i ty .  The i r  most important  use i n  t h e  paper i ndus t ry  i s  i n  e l e c t r o -  
photography. The major product ion i s  i n  t h e  U.S.A., France,  Germany, and 
Japan. 

Most of t h e  f i l l e r s  and pigments t h a t  a r e  used i n  l a r g e  tonnages a r e  
produced by mining and b e n e f i c i a t i o n  of a n a t u r a l  minera l  depos i t .  These 
pure minera l  d e p o s i t s  a r e  gene ra l l y  r e s t r i c t e d  i n  t h e i r  occurrence and 
most developing c o u n t r i e s  would have t o  import t he se  f i l l e r s  and pigments. 
Transpor ta t ion  c o s t s  then become a very  importiint f a c t o r .  



MAJOR PROBLEMS 

As was mentioned e a r l i e r  i n  t h i s  paper ,  t h e  so-cal led developing c o u n t r i e s  
account f o r  on ly  4% of t h e  world 's  woodpulp supply bu t  con ta in  28% of 
t h e  wor ld ' s  p roduct ive  f o r e s t  a r e a .  This  undoubtedly means t h a t  t h e s e  
areas w i l l  supply more wood i n  t h e  f u t u r e  and hope fu l ly  a  v i a b l e  pu lp  and 
paper i n d u s t r y  w i l l  develop. I f  a  pulp and paper i ndus t ry  does develop, 
then  i t  may b e  p o s s i b l e  f o r  chemical p rocess  i n d u s t r i e s  t o  be b u i l t ,  but  
t h e r e  a r e  many problems a s  l i s t e d  below: 

(1) Lack of i n f  r a s t r u c t u r e  ( t r anspo r t a t i on  f a c i l i t i e s ,  s choo l s ,  
housing, r e c r e a t i o n a l  f a c i l i t i e s ,  e t c . )  

(2) Shortage of development c a p i t a l  

(3) Lack of t r a i n e d  engineers ,  t e c h n i c a l  s t a f f ,  and s k i l l e d  l abo r  

(4) High c o n s t r u c t i o n  c o s t s  

(5) High t r a n s p o r t a t i o n  and import c o s t s  

( 6 )  E r r a t i c  d e l i v e r i e s  of equipment and s u p p l i e s  

(,7) High energy c o s t s  

(8) Lack of o t h e r  i n d u s t r i a l  a c t i v i t i e s  and suppor t  f a c i l i t i e s  

(9) Lack of s e r v i c e  i n d u s t r i e s  

(10) Maintenance of h igh  i n v e n t o r i e s  and replacement p a r t s  

(11) Lack of b a s i c  minera l  commodities 

(12) Limited markets 

Most developing c o u n t r i e s  l a c k  t h e  i n f r a s t r u c t u r e  t o  suppor t  l a r g e  and 
v i a b l e  chemical p rocess  i n d u s t r i e s .  These c o u n t r i e s  l a c k  good schools  a t  
a l l  l e v e l s  of educa t ion  and p a r t i c u l a r l y  a t  l o c a t i o n s  where a  pulp and 
paper i n d u s t r y  and i t s  s u p p l i e r  i n d u s t r i e s  would have t o  l o c a t e .  An 
adequate  t r a n s p o r t a t i o n  network inc luding  roads,  ra i l roar l s ,and  a i r p o r t s  
would have t o  be cons t ruc t ed  i n  most developing c o u n t r i e s  t o  suppor t  i n d u s t r i a l  
development. Housing i s  gene ra l l y  inadequate  and most companies would 
have t o  cons t ruc t  homes f o r  t h e  employees un l e s s  t hey  l o c a t e d  i n  o r  near  a  
major c i t y .  This  would be  an  added c o s t .  Recrea t iona l  f a c i l i t i e s  a r e  
very  l i m i t e d  o r  nonex i s t en t  and i n  order  t o  keep management and s t a f f  would 
have t o  b e  provided by t h e  company. 

Development c a p i t a l  is exceedingly s h o r t  i n  t h e  developing c o u n t r i e s ,  and 
i n  a l l  l i k e l i h o o d  f o r e i g n  c a p i t a l  would be r equ i r ed  t o  f i nance  a  chemical 
p rocess  i n d u s t ~ y .  

Trained engineers ,  chemists  and o t h e r  t e c h n i c a l  s t a f f ,  and s k i l l e d  l a b o r  
a r e  v e r y  l i m i t e d  i n  number i n  t h e  developing coun t r i e s .  I n  most i n s t a n c e s  



they a r e  t r a ined  i n  fo re ign  u n i v e r s i t i e s  and schools  so  t h a t  fo re ign  
engineers  and s c i e n t i s t s  would have t o  be  imported t o  manage and run 
t h e  p l a n t s  and i n  add i t ion  t r a i n  l o c a l s  t o  eventua l ly  manage and run  
the  f a c i l i t i e s .  These fo re ign  s c i e n t i s t s  and engineers  a r e  c o s t l y  so 
this a g a h  is  an  added expense f o r  a  s t r u g g l i n g  chemical indus t ry .  

Construction c o s t s  a r e  h igher  due t o  many factors inc luding  high. b i d s  
because, i n  genera l ,  l o c a l  con t r ac to r s  do not  have t h e  know-how o r  
equipment t o  handle a l a r g e  job. Large m u l t i ~ ~ a t i o n a l  con t r ac to r s  wi th  
high overhead c o s t s  a r e  t h e  only ones capable of handling t h e  cons t ruc t ion .  
Labor is unsk i l l ed  and turnover  is  high,  so  a d d i t i o n a l  superv is ion  i s  
necessary. I n  genera l ,  cons t ruc t ion  r n a t e r i a l , ~  such a s  s t e e l ,  wood, and 
concrete  a r e  more c o s t l y .  Most s p e c i a l  i tems of equipment must be imported. 
These and o the r  f a c t o r s  make t h e  cons t ruc t ion  c o s t s  very  high. 

Because most of t h e  process equipment must be imported,the t r anspor t a t ion  
c o s t s  and import d u t i e s  a r e  a  s i g n i f i c a n t  added c o s t ,  which again  adds 
t o  t h e  burden of e s t a b l i s h i n g  a '  p r o f i t a b l e  chemical process indus t ry  i n  
a  developing country. 

Delivery of equipment and supp l i e s  i n t o  t h e  developing coun t r i e s  a r e  
usua l ly  e r r a t i c  wi th  considera%le delays due t o  many f a c t o r s .  Manu- 
f a c t u r i n g  de lays  i n  producing the  equipment can s e t  of f  a  chain r e a c t i o n  
of delays because of p o r t  loading  schedules,  ocean t r a n s p o r t ,  docking 
de lays ,  unloading d i f f i c u l t i e s ,  and t r anspor t  t o  t h e  cons t ruc t ion  s i t e .  
Also import papers and governmental red  tape  can cause cons iderable  
delays.  Delays c o s t  money, and considerable c o s t  overruns can r e s u l t .  

Many developing coun t r i e s  l ack  petroleum and c o a l  resources  and, t he re fo re ,  
t h e i r  energy c o s t s  w i l l  be high. In add i t ion ,  e l e c t r i c  power is  i n  s h o r t  
supply,  and i t  takes  a t  l e a s t  10 years  t o  develop a  new power generat ing 
s t a t i o n  from i ts  incept ion .  Energy c o s t s  range from 10 t o  25 percent  of 
t he  t o t a l  c o s t  f o r  most of t h e  chemical process i n d u s t r i e s .  I f  t h e  
energy c o s t s  a r e  high,  t h i s  puts  t h e  indus t ry  a t  a  cons iderable  c o s t  
disadvantage, p a r t i c u l a r l y  i n  the  export  market. 

The developing coun t r i e s  have minimal i n d u s t r i a l  development, and supp l i e s  
and f a c i l i t i e s  t h a t  we i n  t h e  United S t a t e s  and Europe t ake  f o r  granted 
a r e  genera l ly  unavai lab le .  This  causes processing de lays  and increased  
production cos t s .  Machine shops, foundries ,  and o the r  support  f a c i l i t i e s  
a r e  lacking  so  t h a t  a d d i t i o n a l  manpower and shops must be a  p a r t  of t h e  
processing p l an t .  This ,  of course,  increases  t h e  overhead cos t s .  

Serv ice  i n d u s t r i e s  such a s  e l e c t r i c  shops, telephone s e r v i c e ,  automotive 
r e p a i r  shops, shee t  metal f a b r i c a t o r s ,  and o the r s  a r e  genera l ly  lacking  
and c r e a t e  a d d i t i o n a l  burdens and c o s t s  on tk.e opera t ion .  

Spare p a r t s  must be adequately maintained s o  t h a t  down time f o r  r e p a i r s  
i s  a t  a  minimum. This means cons iderable  c a p i t a l  w i l l  be  t i e d  up i n  
inventory goods. Supplies  of  a l l  types  must be maintained a t  a  h igh  
inventory l e v e l ,  a l l  of which c o s t s  money. However, i f  i nven to r i e s  a r e  
not  maintained, t h e  whole opera t ion  could be shut  down f o r  lengthy per iods  
of time wai t ing  on p a r t s  t o  be flown i n .  



Many b a s i c  minera l  commodities t o  make t h e  necessary  chemicals and f i l l e r s  
and pigments do not  occur i n  t h e  developing coun t r i e s .  Examples a r e  soda 
a sh ,  sodium s u l f a t e ,  s u l f u r ,  k a o l i n ,  t a l c ,  and some o t h e r s .  These must 
be imported a t  h igh  c o s t ,  which would i n c r e a s e  t h e  c o s t  of t h e  pulp and/or  
paper products  which would i n h i b i t  a  succes s fu l  expor t  market f o r  t h e  
commodity. 

Another b a s i c  problem i s  t h e  l i m i t e d  domestic market f o r  t h e  pulp and 
paper and f o r  t h e  i n d u s t r i a l  chemicals such a s  soda a s h ,  c h l o r a l k a l i s ,  
and s a l t  cake. To be  a  s u c c e s s f u l  p r o f i t a b l e  i n d u s t r y ,  an expor t  market 
would be  necessary  and because of t he  p r o b a b i l i t y  of h igh  c o s t s  a s  
i nd i ca t ed  by a l l  t h e  problems t h e  products  would not compete i n  t h e  
world market. 

SUMMARY 

The problems i n  e s t a b l i s h i n g  process  chemical i n d u s t r i e s  and f i l l e r  and 
pigment process ing  f a c i l i t i e s  i n  t h e  developing c o u n t r i e s  a r e  many. The 
l a c k  of t h e  i n f r a s t r u c t u r e  t o  support  i n d u s t r y  is  s e r i o u s  and educa t iona l  
f a c i l i t i e s ,  communications, i n d u s t r i a l  a c t i v i t i e s ,  and r e c r e a t i o n a l  
f a c i l i t i e s  would have t o  be  improved. Costs  of c a p i t a l ,  cons t ruc t ion ,  
personnel ,  energy,  t r a n s p o r t a t i o n ,  overhead f a c i l i t i e s ,  and maintenance 
of h igh  i n v e n t o r i e s  would add cons iderab le  expense i n  making t h e  product  
and would l i m i t  t h e  s a l e s  t o  domestic customers because a  high c o s t  
product would no t  compete i n  t h e  world markets.  Many b a s i c  minera l  
commodities a r e  l a c k i n g  i n  t h e  developing c o u n t r i e s  and would have t o  
be  imported a t  cons ide rab l e  expense. It w i l l  t ake  many yea r s  and con- 
s i d e r a b l e  innovat ion  and hard  work t o  e s t a b l i s h  compet i t ive  process ing  
i n d u s t r i e s  i n  t h e  developing coun t r i e s .  
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ECONOI4IC AND POLITICAL ENVIRONMENT FOR INVESTMENT 
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INTRODUCTION 

The i n t e n t i o n  i n  t h i s  paper is  t o  b r i e f l y  review some of t h e  economic 
and p o l i t i c a l  cons ide ra t i ons  t h a t  can e n t e r  i n t o  t h e  choice of development 
p r o j e c t s  based on the  t r o p i c a l  high f o r e s t .  The economic o r i e n t a t i o n  
of t he  paper w i l l  be more toward impact on t h e  economy a s  a  whole than on 
t h e  f i n a n c i a l  economics of t h e  p r o j e c t .  I n  e f f e c t  an a t tempt  w i l l  be  
madeto t r y  t o  o u t l i n e  some r e q u i s i t e s  f o r  investment i n  t h i s  resource  from 
the  po in t  of view of holr b e s t  t o  r e a l i z e  t h e  ctontr ibut ion of t h e  t r o p i c a l  
f o r e s t  t o  t h e  s o c i a l  and economic development of t h e  producing c o u n t r i e s .  

The process  of economic growth might be enviszged,  i n  i t s  s imples t  form, 
a s  be ing  made up of t h r e e  b a s i c  p a r t s .  The f i . r s t  i s  growth i n  product ion,  
which i s  a  func t ion  of t h e  number of people  eniployed and t h e  p r o d u c t i v i t y  
of t h e  labour  fo rce .  I n  t h e  long  run more people  can be employed only 
i f  new c a p i t a l  s t o c k  i s  brought i n t o  use,  and p r o d u c t i v i t y  can i n c r e a s e  
on ly  through i n v e s t i n g  i n  more product ive machinery and equipment. The 
second component of economic growth must t h e r e f o r e  be accumulation of 
c a p i t a l  and investment.  Th i s  i n  i t s e l f ,  however, i s  not  s u f f i c i e n t .  
Investment,  t o  r e s u l t  i n  growth, must be a l l o c a t e d  t o  t h e  most p roduct ive  
s e c t o r s  i n  t h e  economy. Because t h e  composition of demand changes over 
t i m e ,  and t e c h n i c a l  p rogress  i s  cons t an t ly  changing t h e  techniques of 
product ion,  t h e  n a t u r e  of t h e  a c t i v i t i e s  wi th  high p o t e n t i a l  f o r  growth 
w i l l  be cons t an t ly  changing. The t h i r d  b a s i c  element of economic growth 
is consequently a  t r a n s f e r  of  investment c a p i t a l  t o  t h e  s e c t o r s  of growing 
importance from t h e  s u r p l u s  of o t h e r  s e c t o r s .  The t r a n s f e r  of resources  
from one country t o  another  can be important i n  t h i s  process .  However, 
t h i s  importance is mainly l im i t ed  t o  t h e  provis ion  of i n p u t s  no t  a v a i l a b l e  
i n  t h e  country.  By f a r  t h e  g r e a t e r  p a r t  of t h e  weal th  necessary  t o  
genera te  economic growth must come from t h e  coun t ry ' s  own resources .  

The t a s k  of i d e n t i f y i n g  and ana lyz ing  t h e  con t r ibu t ion  of t h e  f o r e s t  
resource  t o  growth and development is  thus  l a r g e l y  one of perce iv ing  
(1) t h e  cond i t i ons  i n  which developments i n  t h e  s e c t o r  can c o n t r i b u t e  
p o s i t i v e l y  t o  t h e  process  sketched out  above and how t o  achieve t he se ,  
( 2 )  t h e  cond i t i ons  which would have a  nega t ive  impact and how t o  avoid 
t he se ,  and (3) t h e  a d d i t i o n a l  f a c t o r s  which t ransform growth i n t o  s o c i a l  
and economic development and how t o  i nco rpo ra t e  t he se  i n  t h e  a n a l y s i s .  
These f a c t o r s  i nc lude  p rov i s ion  of employment, e q u i t a b l e  d i s t r i b u t i o n  of 
income, maintenance o r  improvement of t h e  q u a l i t y  of goods and s e r v i c e s  
produced ( i n  t h e  sense  of t h e i r  usefu lness  i n  meeting b a s i c  needs) ,  and 
safeguarding t h e  i n t e g r i t y  of  t h e  environment. 

PREVIOUS PAGE BLANK 



EMPLOYMENT AND PRODUCTIVITY 

The growth of unemployment i n  mst developing c o u n t r i e s  i n  r ecen t  y e a r s  
has  added an a d d i t i o n a l  dimension t o  t h e  t h r u s t  f o r  development. Pro- 
duc t ion  has  grown no t  s o  much through b r ing ing  more persons i n t o  t h e  
labour  f o r c e  a s  by r a i s i n g  t h e  p r o d u c t i v i t y  of t h e  labour  employed. 
Technological  development and t h e  s u b s t i t u t i o n  of c a p i t a l - i n t e n s i v e  f o r  
l abour- in tens ive  methods, i n  bo th  a g r i c u l t u r e  and indus t ry ,  ha s  r e s u l t e d  
i n  growth i n  ou tput  without  a  corresponding growth i n  t h e  number of jobs.  
This  process  h a s  compounded t h e  problem of how t o  provide f o r  t h e  r u r a l  
and urban poor. Though t h e  two cannot be e n t i r e l y  d i s s o c i a t e d ,  a s  
acce l e r a t ed  growth remains one of t h e  most e f f e c t i v e  t o o l s  f o r  c r e a t i n g  
employment, t h e  provis ion  of j obs  and a l l  t h a t  goes wi th  employment and 
wages i n  t h e  way of an improvement i n  s t anda rds  of l i v i n g  has  become an 
important o b j e c t i v e  i n  and of i t s e l f  a longs ide  t h e  o b j e c t i v e  of growth. 

The ques t ion  of employment i s  i n e x t r i c a b l y  bound up wi th  t h e  ques t ion  of 
technology. The opt ion  of developing i n  a  labour- in tens ive  f a sh ion  only 
e x i s t s  i f  a  l abour- in tens ive  technique e x i s t s  f o r  ca r ry ing  ou t  t h e  
process  i n  ques t ion .  Many of  t he  processes  involved i n  developing t h e  
t r o p i c a l  f o r e s t s  c l e a r l y  do possess  such technologica l  f l e x i b i l i t y .  
Many of t h e  s t a g e s  of f o r e s t r y  work, ha rves t i ng ,  and primary process ing ,  
can be  pursued wi th  vary ing  degrees  of labour  o r  c a p i t a l  i n t e n s i t y .  Other 
a c t i v i t i e s  do no t  have much f l e x i b i l i t y ,  no t ab ly  pulp and paper manufacture, 
which i s  cha rac t e r i zed  by t h e  heavy c a p i t a l  investments  requi red  per 
person employed. On t h e  o t h e r  hand, secondary process ing  and manufacturing 
based on wood, pane ls ,  and paper aga in  do tend t o  p re sen t  a  choice  of 
f a c t o r  i npu t s ;  e .g . ,  i n  t h e  manufacture of f u r n i t u r e ,  j o i n e r y ,  packaging, 
e t c . ,  e f f i c i e n t  ope ra t i ons  can be  e s t a b l i s h e d  wi th  f a i r l y  low c a p i t a l  t o  
labour  r a t i o s .  

The choice ,  however, i nvo lves  o the r  f a c t o r s .  There may w e l l  b e  phys i ca l  
o r  t e c h n i c a l  c o n s t r a i n t s .  To conf ine  loggrng of t h e  t r o p i c a l  high f o r e s t  
t o  hand logging ,  f o r  example, i s  l i k e l y  t o  conf ine  i t  t o  t h e  logging j u s t  
of r i v e r  banks. More widespread a r e  t h e  economic l i m i t a t i o n s .  Labour- 
i n t e n s i v e  methods may be  l e s s  e f f i c i e n t  than c a p i t a l - i n t e n s i v e  a l t e r n a t i v e s  
f o r  many a c t i v i t i e s .  The ques t ion  then a r i s e s  a s  t o  how much l o s s  of 
e f f i c i e n c y  can be  a f forded  i n  r e t u r n  f o r  a  ga in  i n  j obs  c r ea t ed .  

Not l e a s t  among t h e  f a c t o r s  bear ing  on e f f i c i e n c y  is  t h a t  of a v a i l a b i l i t y  
of s k i l l s .  It is  ev ident  t h a t  t echnologies  developed f o r  i n d u s t r i a l i z e d  
economies w i th  h igh  labour  p r o d u c t i v i t y  i n  temperate c l i m a t e s  a r e  u n l i k e l y  
t o  be  e n t i r e l y  s u i t a b l e  f o r  economies wi th  low labour  p r o d u c t i v i t y  i n  
t r o p i c a l  c l ima te s .  Some degree  of adap ta t i on  and t r a n s f e r  of s k i l l s  i s  
l i k e l y  t o  be  r equ i r ed  i f  t h e  t r a n s f e r  from one t o  t h e  o the r  is t o  be 
e f f e c t i v e .  This  may involve adap ta t i on  of t h e  technology o r  adap ta t i on  



of t h e  procedures f o r  us ing  t h a t  technology, c r  adap ta t i on  of t h e  l o c a l  
environment w i th in  which t h e  t e c  nology i s  t o  be used by i n s e r t i n g  t h e  

17 s k i l l s  necessary  t o  ope ra t e  it.- 

I f  ex t ens ive  t r a i n i n g  is  necessary ,  o r  h igh  l e v e l s  of supe rv i s ion ,  i n  
o rde r  t o  ach ieve  t h i s ,  l abour  c o s t s  can i n  aggrega te  prove t o  be high.  
Moreover, t h e  process  of l e a r n i n g  and adap ta t i on  r e q u i r e s  a  c e r t a i n  b a s i c  
l e v e l  of knowledge and s c i e n t i f i c  p o t e n t i a l  i n  t h e  r ece iv ing  country.  
I f  a  technology is  so  s o p h i s t i c a t e d  a s  t o  be beyond what can be absorbed,  
i t  can be adopted only  by import ing s k i l l s  i n  t h e  form of e x p a t r i a t e  
t echn ic i ans  and managers, o r  by automating i t  even f u r t h e r  i n  o rde r  t o  
reduce t h e  need f o r  s k i l l s .  However, a  p r o j e c t  could become a  "techno- 
l o g i c a l  enclave,"  b r ing ing  very  l i t t l e  i n  t h e  way of b e n e f i t  t o  t he  body 
of knowledge and s k i l l s  i n  t h e  country,  and ccnsequent ly  a  ve ry  low 
c o n t r i b u t i o n  t o  development. 

Another f a c t o r  which c o n t r i b u t e s  t o  t h e  tendency toward b i a s  a g a i n s t  
l abour- in tens ive  s o l u t i o n s  i n  most developing c o u n t r i e s  i s  t h e  l e v e l  of 
wages. I n  economic terms, t h e  c o s t  of labour  i s  t h e  va lue  of t he  pro- 
duc t ion  foregone by t r a n s f e r r i n g  t h a t  labour  from the  previous occupat ion.  
The economic c o s t  of p r ev ious ly  unemployed lahour  w i l l  t h e r e f o r e  be very  
low, u s u a l l y  much lower than the  p r e v a i l i n g  l e v e l  of wages. However, 
wages r e f l e c t  t h e  c o s t  t h a t  i ndus t ry  has  t o  pay f o r  t h a t  l abour ,  and 
hence i n f luences  i t s  d e c i s i o n s  about f a c t o r  use.L1 

Hence t h e r e  a r e  a  number of f a c t o r s  which tend cumulat ively t o  d i s t o r t  
f a c t o r  choice  i n  t h e  d i r e c t i o n  of c a p i t a l -  r a t h e r  than labour- in tens ive  
s o l u t i o n s .  Because t he  op t ion  f o r  s u b s t i t u t i r g  labour  f o r  c a p i t a l  does 
e x i s t  i n  many f a c e t s  of t r o p i c a l  f o r e s t r y ,  this  could l ead  t o  a  s i g n i f i c a n t  
reduc t ion  i n  t h e  economically d e s i r a b l e  l e v e l s  of employment i n  t h e  s e c t o r  
(Arnold). Therefore  more a t t e n t i o n  needs t o  be  paid t o  t he  ques t i on  of 
how t o  e x p l o i t  more e f f e c t i v e l y  t h e  employment-creating p o t e n t i a l  of 
a c t i v i t i e s  based on t r o p i c a l  f o r e s t s .  

11 The process  of choosing and adapt ing  t.echnology a l s o  involves  
knowledge about t h e  r e c e i v i n g  country,  and r ead ines s  t o  acqu i r e  t h i s  
knowledge. A r ecen t  s tudy  r e l a t i n g  t o  f o r e s t  i n d u s t r y  development i n  
La t in  America (Gregersen and Cont re ras )  c i t e s  two examples of machinery and 
p r a c t i c e s  introduced i n t o  t r o p i c a l  f o r e s t r y  ope ra t i ons  i n  t h a t  reg ion  by 
fo re ign  companies which f a i l e d  because they we.re i napp rop r i a t e  t o  t h e  l o c a l  
condi t ions .  I n  both ca se s ,  l o c a l  f o r e s t e r s  ha.d warned of t h e  u n s u i t a b i l i t y .  
The necessary  knowledge was thus a v a i l a b l e .  Flhat was l ack ing  was t he  
capac i ty  t o  adapt  t o  c l e a r l y  d i f f e r e n t  condi t ions .  

21 For i ndus t ry  t o  use  labour  t o  t h e  ex t en t  t h a t  i s  economically 
r a t i o n a l  i t  w i l l  g ene ra l l y  be  necessary f o r  gcvernment t o  provide some 
compensating incent ive-- tax r e l i e f ,  employment s u b s i d i e s ,  e t c .  This  i s  but  
one example of how manipulat ion of market va l ce s  can in f luence  choice  of 
technology (or of p r o j e c t )  toward o r  away from labour- in tens ive  so lu t ions .  
An overvalued foreign-exchange r a t e ,  f o r  e x a m ~ l e ,  by making imported goods 
r e l a t i v e l y  cheap, i s  a l s o  l i k e l y  t o  encourage an uneconomic and undes i rab le  
s u b s t i t u t i o n  of equipment i n  p l ace  of l abour .  



LOCAL LYPAC T AND REG1,ONAL DEVELOPMENT 

I n  a d d i t i o n  t o  t h e  amount of employment c r ea t ed  by a  development, t h e  
type  and l o c a t i o n  of t h a t  employment ? s  a l s o  important .  It has  been 
argued (Westoby) t h a t  a s  f o r e s t  i n d u s t r i e s  tend t o  be  l oca t ed  c l o s e  t o  
t h e i r  raw m a t e r i a l  source ,  i n  t h e  r u r a l  a r e a s ,  they  could have an  above- 
average propuls ive  e f f e c t  on development. They can b r i n g  wage employment 
and i n d u s t r i a l  s k i l l s  t o  t h e  r u r a l  a r e a s ,  which a r e  g e n e r a l l y  t h e  poorer  
p a r t s  of t h e  country,  and t h e  i n f r a s t r u c t u r e  c r ea t ed  t o  suppor t  them can 
provide a  base f o r  o t h e r  i n d u s t r i e s  and s e r v i c e s  t o  l o c a t e  i n  t h e  r u r a l  
a r e a s  a s  w e l l ,  l e ad ing  t o  f u r t h e r  jobs and development. Through t h e  
c r e a t i o n  of suppor t ing  s e r v i c e s  and commercial a c t i v i t i e s ,  such an 
investment is  l i k e l y  t o  r e s u l t  i n  an above-average "mul t i p l i e r "  impact 
on t h e  l o c a l  economy.- 31 Thi s  d i spe r s ion  of i n d u s t r i a l  and s e r v i c e  
employment t o  t he  r u r a l  a r e a s  can c o n t r i b u t e  t o  t h e  more e q u i t a b l e  
d i s t r i b u t i o n  of income, and can a l s o  reduce t h e  s o c i a l  problems of over- 
r ap id  u rban iza t ion  which u s u a l l y  accompanies i n d u s t r i a l i z a t i o n .  

This  i s  a  pe r suas ive  hypothes i s ,  but  t o  d a t e  l i t t l e  has  been done t o  
test i t .  There has  been remarkably l i t t l e  s tudy  of whether i t  i s  borne 
ou t  i n  f a c t ,  and i f  so ,  what a r e  t he  f a c t o r s  a t  p lay ,  and n e a r l y  a l l  
of what l i t t l e  has  been done r e l a t e s  t o  developed coun t r i e s .  Casual 
observa t ion  i n d i c a t e s  t h a t  sometimes r u r a l l y  l oca t ed  f o r e s t  i n d u s t r i e s  
i n  developing c o u n t r i e s  do become a  c e n t r e  around which o the r  a c t i v i t i e s  
develop,  but  o f t e n  they do n o t .  One f a c t o r  may be  t h e  ex t en t  of t h e  
i n f r a s t r u c t u r e  and s e r v i c e s  t h a t  come i n t o  be ing  wi th  t h e  f o r e s t  i ndus t ry :  
only i f  t he se  have t h e  c a p a c i t y  t o  provide f o r  needs over  and above t h e  
needs of t h a t  i n d u s t r y  could o t h e r  i n d u s t r i e s  be  encouraged t o  e s t a b l i s h .  

I f  such r e l a t i o n s h i p s  do e x i s t ,  and could be e s t a b l i s h e d ,  i t  would 
provide an important  a d d i t i o n a l  t o o l  i n  i d e n t i f y i n g  and des ign ing  t h e  
most e f f e c t i v e  investments  i n  t r o p i c a l  f o r e s t  development. The l ack  of 
information i n  t h i s  a r e a  i s  the re fo re  a  s e r i o u s  impediment. 

This  l a c k  i s  a l l  t h e  more important because t h e  huge c o s t s  of t h e  a s soc i a t ed  
i n f r a s t r u c t u r e  (e .g . ,  power, t r a n s p o r t ,  and s o c i a l  i n f r a s t r u c t u r e )  can be 
a  major impediment t o  developing l a r g e  i n t e g r a t e d  t r o p i c a l  forest-based 
i n d u s t r i e s .  Few can c a r r y  such c o s t s ,  toge ther  w i th  p l an t  c o s t s ,  a g a i n s t  

31 A c t i v i t i e s  which gene ra t e  income l o c a l l y  through wages and purchases 
a r e  l i k e l y  t o  have some "mul t i p l i e r "  e f f e c t ,  i n  t h a t  t h i s  w i l l  encourage 
t h e  development of commercial and s e r v i c e  a c t i v i t i e s  t o  meet t h e  needs of 
those  who i n  t h i s  way have more money t o  spend. I n  o the r  words, a t  l e a s t  
p a r t  of t h e  income generated by t h e  i n i t i a l  a c t i v i t i e s  l e a d s  t o  a d d i t i o n a l ,  
o r  expanded, a c t i v i t i e s  i n  t h e  v i c i n i t y  g iv ing  rise t o  more employment and 
increased  l o c a l  incomes. For example, i t  has been es t imated  (Grant) t h a t  
development of a  pulp and paper m i l l  i n  a  r u r a l  a r e a  of New Zealand gave 
rise t o  a t  l e a s t  one a d d i t i o n a l  job l o c a l l y  f o r  every four  jobs  c r e a t e d  
i n  t h e  m i l l  ( the  employment m u l t i p l i e r  was es t imated  t o  l i e  i n  t h e  range  
of 1 .25 t o  1 .40) .  



their product ion revenues alone.  It has  t hus  been common p r a c t i c e  f o r  
government t o  shoulder  t h e  c o s t  of o f f s i t e  i n f r a s t r u c t u r a l  developments, 
in recogn i t i on  t h a t  such a d d i t i o n a l  b e n e f i t s  could accrue  through f u r t h e r  
development based on t h i s  i n f r a s t r u c t u r e .  However, a s  governments and 
pub l i c  f i nanc ing  bodies  have adopted more rigo:-ous a p p r a i s a l  methods, 
it has  become less easy t o  j u s t i f y  l a r g e  invest:ments on unsubs t an t i a t ed  
arguments t o  t h e  e f f e c t  t h a t  such a d d i t i o n a l  developments w i l l  m a t e r i a l i z e .  
Analysts  a t  t h e  World Bank, f o r  example, have c i t e d  t h i s  a s  one of the 
most important  impediments t o  developing "banki~ble" pulp and paper p r o j e c t s  
i n  developing coun t r i e s .  

The need f o r  a  b e t t e r  understanding of l o c a l  impacts has  become more 
p re s s ing  wi th  t he  growing r ecogn i t i on  t h a t  no t  a l l  such impacts a r e  
n e c e s s a r i l y  benign. The opening up of a  t r o p i c a l  f o r e s t  a r e a  could 
s e r i o u s l y  d i s r u p t ,  and even des t roy ,  t h e  way o:i l i f e  of t h e  people l i v i n g  
the re .  Logging roads could lead  t o  s eve re  e ros ion ,  o r  an i n f l u x  of 
sett lers from o u t s i d e  who could des t roy  t h e  fo:rest .  P l a n t  e f f l u e n t s  
could adverse ly  a f f e c t  d r ink ing  water s u p p l i e s ,  f i s h  r e sou rces ,  and 
i r r i g a t e d  a g r i c u l t u r e .  I n  o rde r  t o  avoid many of t h e s e  nega t ive  e f f e c t s ,  
i t  w i l l  b e  necessary  t o  s tudy  l o c a l  c o n d i t i o n s ,  However, t h e  pre l iminary  
t a s k  of i d e n t i f y i n g  p o s s i b i l i t i e s  and c o n s t r a i ~ l t s  w i l l  b e  f a c i l i t a t e d  i f  
more i s  known and understood of  what happened :in s i m i l a r  developments 
i n  t r o p i c a l  f o r e s t r y  elsewhere.  

A p a r t i c u l a r l y  important i s s u e  i s  t h a t  of t h e  i n t e r a c t i o n  between 
i n d u s t r i a l  use  of t h e  t r o p i c a l  f o r e s t s  and o the r  l o c a l  u se s  of t h a t  
f o r e s t  o r  f o r e s t  l ands .  It is more t h e  r u l e  than t h e  except ion t h a t  
t r o p i c a l  f o r e s t s  a r e  being encroached upon both  by t h e  advance of s e t t l e d  
a g r i c u l t u r e  on to  f o r e s t  l ands  and a l s o  through t h e  ex tens ion  and i n t e n s i -  
f i c a t i o n  of s h i f t i n g  c u l t i v a t i o n  wi th in  t h e  fo:rests.  These processes  can 
jeopard ize  t h e  s e c u r i t y  of supply of wood t o  i ndus t ry  w i th in  any a r e a  
s o  a f f e c t e d ,  and thus  d i scourage  investment.  Attempts t o  con ta in  o r  
prevent  t h e  encroachment have almost i n v a r i a b l y  proved i n e f f e c t i v e .  This  
could be a sc r ibed  t o  i n s u f f i c i e n t  f o r e s t  s e r v i c e  manpower t o  c a r r y  o u t  
t h e  p o l i c i n g  func t ion ,  an inadequate  o r  i napp rop r i a t e  l e g i s l a t i v e  
framework t o  back i t  up, o r  p o l i t i c a l  pressure:; i n  favour of t h e  s q u a t t e r s ,  
settlers, and s h i f t i n g  c u l t i v a t o r s .  However, It i s  i n c r e a s i n g l y  being 
r e a l i z e d  t h a t ,  even i f  p revent ion  and e v i c t i o n  could be  enforced,  t h i s  
would o f t e n  be t h e  wrong s o l u t i o n .  The people who l i v e  i n  t h e  t r o p i c a l  
high f o r e s t  depend on i t  f o r  t h e  b a s i c  n e c e s s i t i e s  of l i f e :  food and 
s h e l t e r .  Where popula t ion  p re s su re s  a r e  h igh ,  t h e  t r o p i c a l  f o r e s t  i s  
l i k e l y  t o  su rv ive  a s  a  source  of i n d u s t r i a l  raw m a t e r i a l  on ly  i f  manage- 
ment systems can be  devised  which combine wood product ion wi th  t h e  
provis ion  of food, and o the r  goods and service:; ,  t o  forest-dependent 
populat ions.  

Th i s  i s  f a s t  becoming a  c e n t r a l  t h r u s t  of t r o p f ~ c a l  f o r e s t r y  development. 
The va r ious  systems of i n t e r c ropp ing  food and f o r e s t  c rops ,  which a r e  
commonly termed "taungya" a f t e r  t h e  o r i g i n a l  Burmese system, a r e  being 
re-examined w i t h  a view t o  bu i ld ing  on them a s  a  b a s i s  f o r  more s t a b l e  
i n t e g r a t e d  f o r e s t  community systems, such a s  t h e  f o r e s t  v i l l a g e  systems 
being developed i n  Thai land.  The p o s s i b i l i t i e s  of e x p l o i t i n g  and 



developing t h e  p o t e n t i a l  of t h e  f o r e s t  as a  source  of p roducts  of b e n e f i t  
t o  forest-based popula t ions  i s  being explored.  I n  Indones ia ,  f o r  example, 
developments i nc lude  t h e  i n t roduc t ion  i n t o  forest-dependent  communities 
of beekeeping a c t i v i t i e s ,  and l i v e s t o c k  r a i s i n g  based on g r a s s  f o r  fodder  
grown in te rc ropped  wi th  t h e  t r e e s  (FAO). 

I n  t h e  P h i l i p p i n e s  such approaches have a l r eady  been incorpora ted  i n t o  
f o r e s t  i n d u s t r y  p r o j e c t s .  The Paper I n d u s t r i e s  Corporat ion of t h e  
P h i l i p p i n e s  (PICOP), a t  i t s  in t eg ra t ed  ope ra t i ons  a t  B i s l i g  Bay, has  s e t  
up an ope ra t i on  t o  encourage and a s s i s t  l o c a l  smal lho lders  t o  use p a r t  
of t h e i r  l and  t o  grow pulpwood f o r  s a l e  t o  t h e i r  pu lpmi l l .  S t a r t i n g  i n  
1968 t h e  scheme had grown by 1976 t o  i nc lude  3,849 smal l  fa rmers  w i th  an 
average of n e a r l y  4  ha each under t r e e s .  Incomes of t h e  farmers  have 
increased  s i g n i f i c a n t l y .  In  a d d i t i o n ,  t h e  Corporat ion has  a  number of 
programmes t o  a s s i s t  t h e  nomadic s h i f t i n g  c u l t i v a t o r s  i n  t h e  a r e a  t o  
t ake  up s e t t l e d  occupat ions or  s t a b l e  farming. The op t ions  o f f e r e d  i nc lude  
(1) t h e  p rov i s ion  of l and ,  b u i l d i n g  m a t e r i a l s ,  b a s i c  a g r i c u l t u r a l  i n p u t s  
and s e r v i c e s  i n  a r e a s  set a s i d e  l o c a l l y  f o r  s e t t l emen t ,  (2) cash payments 
t o  enable  them t o  se t t l e  elsewhere,  o r  (3) employment wi th  t h e  Corporat ion.  
I n  t h e s e  ways many more people have bene f i t ed  from t h i s  f o r e s t r y  and 
f o r e s t  i n d u s t r y  development than j u s t  those  d i r e c t l y  employed by i t .  

There is  good reason t o  b e l i e v e  t h a t  i n d u s t r i a l  f o r e s t  developlnents i n  
t r o p i c a l  f o r e s t  a r e a s  must i n c r e a s i n g l y  fo l low such innovat ive  approaches.  
It is  u n l i k e l y  t o  be enough f o r  f o r e s t  i n d u s t r y  t o  r e l y  s o l e l y  on t h e  
money they  i n s e r t  i n t o  t h e  l o c a l  economy, through wages t o  l o c a l  employees 
and payments f o r  l o c a l l y  suppl ied  goods and s e r v i c e s ,  t o  genera te  an 
accep tab l e  l o c a l  impact. It w i l l  be necessary  f o r  i n d u s t r y  t o  a c t i v e l y  
promote t h e  development of l o c a l  communities. This  w i l l  b e  necessary  i n  
t h e  f i r s t  p l ace  i n  o rde r  t o  secure t h e  support  and p a r t i c i p a t i o n  of t h e  
fores t -based  popula t ions  i n  i n d u s t r i a l  f o r e s t r y .  It w i l l  be necessary  
more broadly  t o  b r i n g  about t h e  proper c o n t r i b u t i o n  of t r o p i c a l  f o r e s t s  t o  
s o c i a l  and economic development. 

The i s s u e  of use of t r o p i c a l  f o r e s t  l and ,  and t h e  con t r ibu t ion  of 
f o r e s t r y  developments t o  t h e  optimum use of t r o p i c a l  f o r e s t  l and ,  extends 
t o  more than j u s t  accommodating t h e  needs of l o c a l  people.  The a l i e n a t i o n  
of f o r e s t  l and  t o  a g r i c u l t u r a l  use  i s  more than a  spontaneous r e a c t i o n  of 
land-hungry and growing popula t ions .  I n  many t r o p i c a l  c o u n t r i e s  i t  i s  a  
d e l i b e r a t e  element of n a t i o n a l  p o l i c i e s  and p l ans .  

For t h e s e  c o u n t r i e s  t h e  t a s k  i s  not  on ly  t o  produce more food,  bu t  t o  
do so  i n  a  manner which a l s o  c r e a t e s  increased  employment and b e t t e r  
land use.  A s  t h e  i n t e n s i f i c a t i o n  of a g r i c u l t u r e  does no t  produce many 
more j obs ,  t h e  expansion of ex tens ive  forms of a g r i c u l t u r e  is  unavoidable.  
Such an expansion must come l a r g e l y  a t  t h e  expense of t h e  f o r e s t  a r e a ,  
which remains t h e  l a s t  l a r g e  r e se rve  of l and  f o r  new se t t l emen t .  

The " f o r t r e s s "  approach of many f o r e s t e r s  and f o r e s t  i n d u s t r i e s  i n  f a c e  
of t h e s e  t r e n d s  t h e r e f o r e  t ends  t o  be n e i t h e r  e f f e c t i v e  nor  product ive  
i n  a  development contex t .  There a r e ,  of course ,  a r e a s  i n  which t h e  
p r o t e c t i v e  func t ion  should b e  paramount, and o t h e r s  where commercial 



f o r e s t r y  w i l l  be  t h e  most product3ve and perhaps only use.  But i n  t hose  
l a r g e  a r e a s  of f o r e s t  where ag r i cu l tu re  could bl? p r a c t i c e d ,  t he  p rospec t s  
f o r  maintaining a f o r e s t  r e sou rce  rest on i n t e g r a t i n g  f o r e s t r y  wi,th o t h e r  
land uses  (crops,  l i v e s t o c k ,  water  managenlent, e t c .  ) . 

IMPACT ON OTHER SECTORS OF THE ECONOMY 

The essence  of a development-stimulating a c t i v i t y  is t h a t  i t  does no t  
remain an " is land" bu t  spreads  i t s  e f f e c t s  outwards t o  t h e  rest of t h e  
economy where i t  expands o ld  and s t i m u l a t e s  new a c t i v i t i e s .  I n d u s t r i e s  
t h a t  have s t r o n g  l i n k s  wi th  o t h e r  s e c t o r s  of t he  economy a r e  t h e r e f o r e  more 
l i k e l y  t o  c o n t r i b u t e  t o  development than those  i n d u s t r i e s  which have few 
such l i n k s  o r  have l i n k s  predominantly wi th  i n d u s t r i e s  i n  o the r  coun t r i e s .  
Most of t h e  i n d u s t r i e s  which process  wood i n  f a c t  produce in te rmedia te  
goods f o r  u s e  by o t h e r  i n d u s t r i e s  (forward linkages)--lumber and pane l s ,  
b u i l d e r s '  woodwork, packaging, p r i n t i n g  and w r i t i n g  paper ,  e t c .  Further-  
more, f o r e s t  products  have a p a r t i c u l a r l y  wide range of uses  i n  o t h e r  
i n d u s t r i e s .  A t  t h e  same t i m e  f o r e s t  i n d u s t r i e s  draw upon l o c a l l y  produced raw 
m a t e r i a l  and o t h e r  i npu t s  (backward l i nkages ) .  A s  an in te rmedia te  goods 
i ndus t ry ,  t he  wood-processing s e c t o r  t h e r e f o r e  does have s t r o n g  l i nkages  
t o  o t h e r  sectors .? /  To t h e  ex t en t  t h a t  t he se  a r e  o t h e r  i n d u s t r i e s  i n  t h e  
producing count ry ,  wood-based i n d u s t r i e s  should be  a b l e  t o  provide  a 
p o s i t i v e  con t r ibu t ion  by s t i m u l a t i n g  development o r  growth i n  t h e  u se r  
i n d u s t r i e s ,  by provid ing  t h e  l a t t e r  w i th  lower c o s t  and/or  b e t t e r  q u a l i t y  
i n p u t s  . 
The p o s i t i v e  impact w i l l  b e  less i f  t h e  primary product (wood) i s  des t ined  
f o r  expor t  r a t h e r  than t h e  domestic market. The impact w i l l  then be  
confined t o  t h e  i n d u s t r y ' s  l o c a l  purchases of i n p u t s  and s e r v i c e s ,  and 
t h e  encouragement t h i s  might g ive  t o  a d d i t i o n a l  product ion i n  t h e  input-  
producing i n d u s t r i e s .  I n  t h e  case  of t h e  l o g  expor t  i ndus t ry  t h e  "linkage" 
impact could t hus  be ve ry  smal l ,  wi th  t h e  equipment and even t h e  f u e l  
probably imported. Log expor t  developments can,  of course ,  c o n t r i b u t e  
t o  development i n  o t h e r  ways. They can c r e a t e  an  i n f r a s t r u c t u r a l  base  
f o r  subsequent developments i n  t h e  f o r e s t  a r e a s ,  can ea rn  fo re ign  exchange 
f o r  o t h e r  u se s ,  and can c r e a t e  c a p i t a l  which, i f  i t  s t a y s  i n  t h e  country,  
could be inves ted  i n  o t h e r  growth-producing a c t i v i t i e s .  However, they 
have t h e  l i m i t a t i o n  t h a t  they  preclude t h e  development i n  t h e  country 
of t h e  o t h e r  a c t i v i t i e s  t h a t  o therwise  might be based on t h e  l o g  raw 
m a t e r i a l .  

Another f a c t o r  t h a t  needs t o  be  taken i n t o  account is the  q u a l i t y  of t h e  
l inkage .  One measure of t h i s  i s  the  u se fu lnes s  of t h e  product and i ts  end- 
use.  Many f o r e s t  p roducts  c o n t r i b u t e  t o  such b a s i c  needs a s  housing, 
educa t ion ,  communications, and food d i s t r i b u t i o n  and p re sen t a t i on ,  
which nay be adjudged t o  have a high qua l i ta t ix re  r a t i n g .  Another measure 
i s  t h e  n a t u r e  of t h e  impact on t h e  i ndus t ry  wit:h which t h e  f o r e s t  i ndus t ry  
is l inked .  For example, i f  pulp and paper procluction i s  undertaken i n  

4 /  Forward and backward l i nkages  of d i f f e r e n t  i n d u s t r y  s e c t o r s  a r e  
c a l c u l a t e d  (from n a t i o n a l  input-output t a b l e s )  ! and t h e  l i nkage  e f f e c t  
is d iscussed ,  i n  Yotopoulos and Nugent. 



order  t o  supply an e x i s t i n g  paper-conyerting indus t ry  i n  t h e  country,  and 
provides paper which is  of h igher  p r i c e  o r  i s  of i n f e r i o r  q u a l i t y  than 
the  previous ly  imported supp l i e s ,  then i t  could have a  de t r imen ta l  r a t h e r  
than p o s i t i v e  e f f e c t  on t h e  deyelopment of those i n d u s t r i e s  t h a t  have t o  
use  i t s  products.  The v i a b i l i t y  of a  proposed f o r e s t  i ndus t ry  p ro jec t  
must t h e r e f o r e  be assessed not  only  i n  terms of i t s  own i n t e r n a l  p r o f i t -  
a b i l i t y ,  bu t  a l s o  i n  terms of i t s  impact on the  p r o f i t a b i l i t y ,  and hence 
growth prospects ,  of those o the r  i n d u s t r i e s  which w i l l  use i t s  products ,  
and a l s o  i n  terms of the  impact on the  f i n a l  consumer. The d e s i r a b i l i t y  
of proceeding wi th  a  p ro jec t  which would r e q u i r e  t a r i f f  p ro tec t ion  t o  make 
i t  v i a b l e  may look q u i t e  d i f f e r e n t  once t h e  consequences of t h e  higher  cos t  
products  t h a t  would r e s u l t  a r e  evaluated i n  terms o f ,  say,  higher  c o s t  
schoolbooks o r  housing. 

EARNING AND SAVING FOREST EXCHANGE 

Production based on t r o p i c a l  f o r e s t  resources  can con t r ibu te  t o  t h e  
fore ign  exchange earn ings  o r  savings of t h e  producing country,  and hence 
t o  i t s  capaci ty  t o  pay f o r  goods and s e r v i c e s  t h a t  can be purchased only  
from o the r  coun t r i e s ,  o r  can be supplied more cheaply t h i s  way than from 
domestic production. 

Exports of t r o p i c a l  wood products  by producing coun t r i e s  grew from l e s s  
than 5 mil l ion  m3 i n  1950 t o  about 16 mi l l i on  m3 i n  1960, and t o  
53 mi l l i on  m3 i n  1974.1/6/ By 1974 t h i s  t r ade  had a  value of about 
$2.6 b i l l i o n .  Development of t r o p i c a l  f o r e s t s  c l e a r l y  has proved t o  be. 
an important source of fo re ign  exchange earn ings ,  a t  l e a s t  f o r  some 
coun t r i e s ,  and continues t o  be so. Nevertheless ,  t h e r e  a r e  a  number of 
f a c t o r s  which l i m i t  i t s  p o s i t i v e  impact on development i n  producing 
coun t r i e s .  

The most no tab le  is  t h a t  t h e  g rea t e r  p a r t  of t h e  outf low is  i n  t h e  form 
of roundwood raw m a t e r i a l ,  from which t h e  propor t ion  of t h e  "value added" 
i n  the  course of processing which accrues t o  t h e  producing country i s  
minimal. I n  1973, 80% of t h e  t r o p i c a l  wood volum&/ exported l e f t  t h e  
primary producing coun t r i e s  i n  log  form (Pr ing le ) .  

Some of the  reasons f o r  t h i s  s t r u c t u r e  of t he  t r ade  a r e  c o n s t r a i n t s  
opera t ing  a t  t h e  supply end. There can be a  l ack  of t h e  - i n f r a s t r u c t u r e ,  
s e r v i c e s ,  and s k i l l s  needed t o  opera te  processing p l a n t s  competi t ively.  
There can be a  l ack  of appropr ia te  po r t  f a c i l i t i e s  o r  shipping l i n k s .  
Ex i s t ing  t a x  s t r u c t u r e s  may inadve r t en t ly  encourage export  of l o g s  r a t h e r  
than products .  I n  a  country wi th  a  small domestic demand f o r  wood or  
wood f i b r e  products ,  i t  can be d i f f i c u l t  t o  f i n d  o u t l e t s  f o r  t h a t  pro- 
po r t ion  of t h e  output  which is below exportable grades and qual i t ies - -an  
important cons t r a in  i n  sawmilling, plywood, and veneer product ion.  
Another c o n s t r a i n t  on t h i s  group of i n d u s t r i e s  can be the  absence of 
commercial o u t l e t s  f o r  wood residues-- i .e . ,  no pulp o r  board indus t r ies - -  
and hence no p o s s i b i l i t y  t o  generate  the  economies t h a t  come wi th  in t eg ra t ed  

5 /  I n  l o g  equiva lent  volumes. - 

6/  Having reached n e a r l y  60 mi l l i on  m3 i n  1973. - 



f u l l  u t i l i z a t i o n  found i n  so many roundwood i m p ~ r t i n g  coun t r i e s .  I n d u s t r i e s  
i n  producing c o u n t r i e s  may a l s o  l a c k  t h e  marketing o rgan iza t ion  t o  p l a c e  
product ion i n  overseas  markets .  I n  s h o r t ,  a  p rocess ing  i n d u s t r y  i n  t h e  
producing country could w e l l  b e  less compet i t ive  than an i n d u s t r y  i n  t h e  
roundwood-importing country.  

A s u b s t a n t i a l  i n d u s t r y  t o  process  t r o p i c a l  roundwood has  grown up, no t  
on ly  i n  consuming c o u n t r i e s ,  b u t  a l s o  i n  t h i r d  coun t r i e s  which import l o g s  
and expor t  processed products  and manufactures. Most of t h i s  i n t r a n s i t  
p rocess ing  of t r o p i c a l  roundwood t akes  p l ace  i n  o t h e r  developing coun t r i e s .  
I n  1973 these  c o u n t r i e s  absorbed about one q u a r t e r  of t h e  l o g s  exported 
from t r o p i c a l  hardwood-producing c o u n t r i e s ,  and f o r  37% of t h e  volume of 
t r o p i c a l  hardwood products  (sawnwood, plywood, veneer) exported by a l l  
developing coun t r i e s .  

There a r e  a l s o  o t h e r  powerful c o n s t r a i n t s  stemming from t h e  market end. 
F i r s t  t h e r e  a r e  t a r i f f s  and n o n t a r i f f  r e s t r i c t i o n s  which d i sc r imina t e  
a g a i n s t ,  o r  p revent ,  e n t r y  of  processed and manufactured products ,  e i t h e r  
t o  p r o t e c t  competing l o c a l  p roducts  (e.g., temperate hardwood products ) ,  
o r  t o  p r o t e c t  o r  encourage l o c a l  p rocess ing  of t r o p i c a l  wood raw m a t e r i a l  
i n  t h e  import ing coun t r i e s .  I n  t h e  United S t a t e s  and many o the r  major 
markets ,  such impediments have been reduced t o  minor p ropor t i ons  i n  r ecen t  
yea r s ,  and most of t h e  i n f low of t r o p i c a l  wood is  i n  t h e  form of primary 
processed products  (lumber, plywood, veneer ) .  However, i n  t h e  l a r g e s t  
market f o r  t r o p i c a l  wood products ,  Japan,  t h e  g r e a t e r  p a r t  of t h e  wood 
sti l l  e n t e r s  a s  l o g  raw m a t e r i a l .  

C o n s t r a i n t s  on t h e  s t r u c t u r e  o f  t h e  t r a d e  need not  b e  a s  e x p l i c i t  a s  
t a r i f f s  and quotas .  Shipping arrangements and charges may encourage 
t r a n s p o r t  of l o g s  r a t h e r  t han  lumber, plywood, o r  veneer .  I n  some p a r t s  
of t h e  t r o p i c a l  world l o g  product ion is  c a r r i e d  o u t  l a r g e l y  by fo re ign  
e n t e r p r i s e s  which a r e  l i n k e d ,  e i t h e r  formal ly  a s  p a r t  of a  m u l t i n a t i o n a l  
o rgan iza t ion  o r  less formal ly  through bus ines s  agreements,  t o  process ing  
p l a n t s  i n  o t h e r  c o u n t r i e s .  This  can r e s u l t  i n  ves ted  i n t e r e s t s  i n  
pe rpe tua t ing  t h e  s t a t u s  quo, o r  a t  t h e  ve ry  l e a s t  a  pa s s ive  o r  i n d i f f e r e n t  
a t t i t u d e  towards upgrading i n t o  processing.7/ Even where product ion is i n  
the hands of loca l  enterprises,  the same e f f e c t  can be created by their 
dependence on t h e  i n s t i t u t i o n s  a t  t he  import ing end f o r  f i nance  f o r  t h e i r  
ope ra t  ions .  

Turning t o  t h e  impor t - subs t i t u t i ng  s i d e  of t h e  fo re ign  exchange equa t ion ,  
t h e  p o t e n t i a l s  t h a t  a r i s e  a r e  mainly i n  t h e  f i e l d  of pulp and paper.  
Because t h e  manufacture of sawnwood and plywood, and most of t h e  manu- 
f a c t u r e s  from t h e s e  products ,  is r e l a t i v e l y  s imple,  small-scale ,  and 
inexpensive,  t he se  i n d u s t r i e s  u sua l ly  emerge a t  an e a r l y  s t a g e  of develop- 
ment of l o c a l  demand. General ly  l i t t l e  i s  imported. Imports of pulp and 
paper by t r o p i c a l  c o u n t r i e s  on t h e  o t h e r  hand a r e  ve ry  l a r g e .  I n  1973 
c o u n t r i e s  w i th  t r o p i c a l  f o r e s t  resources  imported more than  2 m i l l i o n  t ons  
of paper and paperboard. 

71 Which tends  t o  be  compounded by t h e  f a c t  t h a t  p rocess ing  is 
u s u a l l y  less p r o f i t a b l e  than  l o g  expor t  and involves  more unce r t a in ty ,  
i n  t h a t  a  much longer  per iod  must u s u a l l y  e l a p s e  be fo re  t h e  o r i g i n a l  
investment can be  recovered. 
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The main i s s u e s  c o n s t r a i n i n g  development i n  p a s t  pulp and paper product ion 
based on t r o p i c a l  hardwoods haye been those  r e l a t e d  t o  t e c h n i c a l  and 
o p e r a t i n g  problems a s s o c i a t e d  with the  heterogeneous n a t u r e  of t h i s  raw 
m a t e r i a l .  A major economic f a c t o r  cons t r a in ing  development of t h i s  i ndus t ry  
i n  t r o p i c a l  c o u n t r i e s  is t h a t  of t h e  s c a l e  and complexity of ope ra t i ons  
necessary t o  ach ieve  compet i t ive  product ion.  The s m a l l  s i z e  of most 
domestic markets c o n f l i c t s  w2th t h e  pronounced economies of s c a l e  
a s s o c i a t e d  wi th  pulp and paper product ion.  A s  has been noted above, a  
smal l  high-cost m i l l  could have a  nega t ive  r a t h e r  than p o s i t i v e  impact on 
development, by burdening paper-converting i n d u s t r i e s  and us ing  i n d u s t r i e s  
with expensive i npu t s .  Undoubtedly t h e  cha l lenge  i n  developing pulp and 
paper i n d u s t r i e s  based on t r o p i c a l  hardwoods is not  only t o  develop v i a b l e  
processes  bu t  is a l s o  t o  develop processes  t h a t  w i l l  enable  t h e  ope ra t i on  of 
smal l  economic m i l l s .  

I n  theory ,  some of  t h e s e  c o n s t r a i n t s  could be  r e l i e v e d  o r  removed by 
producing f o r  expor t  a s  w e l l  a s  t h e  domestic market,  so  al lowing a  l a r g e r  
s c a l e  of product ion wi th  lower u n i t  c o s t s .  However, t h e r e  a r e  a  v a r i e t y  
of f a c t o r s  which a t  p r e sen t  work a g a i n s t  t h e  l i k e l i h o o d  t h a t  expor t  mills 
i n  t r o p i c a l  c o u n t r i e s  would be v i a b l e ,  except  w i th in  t h e  contex t  of 
s u p p l i e s  t o  o t h e r  c o u n t r i e s  w i th in  c e r t a i n  subreg iona l  groupings of c o u n t r i e s  
( e -g . ,  ASEAN). These f a c t o r s  inc lude  product q u a l i t y  and p r i c e ,  t h e  g l o b a l  
ba lance  between supply and demand, t h e  s t r u c t u r e  of t h e  e x i s t i n g  pulp and 

81 paper i ndus t ry ,  and the  a v a i l a b i l i t y  of f i b r e  s u p p l i e s  t o  e x i s t i n g  industry.-  

Due t o  t h e  advanced technology involved,  most developing c o u n t r i e s  have 
t o  import t h e  equipment f o r  pulp and paper manufacture.  Many have a l s o  
t o  look  abroad f o r  f i n a n c i n g  t o  meet p a r t  of t he  huge c a p i t a l  c o s t s  
involved,  and f o r  t h e  t e c h n i c a l  e x p e r t i s e  needed t o  run t h e  m i l l ,  a t  
l e a s t  f o r  an i n i t i a l  per iod .  Some may a l s o  have t o  import some of t h e  
chemical i npu t s .  A f u r t h e r  f a c t o r  t h a t  needs t o  be taken i n t o  account  i n  
e v a l u a t i n g  p o s s i b l e  investment i n  impor t - subs t i t u t i ng  pulp and paper 
developments is t h a t  t h e  fo re ign  exchange sav ings  t h a t  accrue  from producing 
r a t h e r  than import ing a r e  n o t  o f f s e t  by cont inu ing  fo re ign  exchange c o s t s  
t o  ope ra t e  t h e  p l a n t .  I f  t h e  equipment, chemical i npu t s ,  and t e c h n i c a l  
e x p e r t i s e  a l l  have t o  be imported and paid f o r  from fo re ign  exchange, 
t h e r e  could be l i t t l e  i f  any n e t  p o s i t i v e  impact on t h e  ba lance  of payments. 

DEVELOPMENT POLICIES AND ECONOMIC SOVEREIGNTY 

A number of f a c t o r s  thus  combine t o  c r e a t e  i n  t h e  t r o p i c a l  f o r e s t  s e c t o r  
i n  many c o u n t r i e s  a  s i t u a t i o n  from which developing c o u n t r i e s  a r e  
s t r i v i n g  t o  excape, namely t h a t  of being predominantly s u p p l i e r s  of raw 
m t e r i a l s  t o  t he  more developed c o u n t r i e s ,  and dependence on t h e s e  
c o u n t r i e s  f o r  s u p p l i e s  of more h igh ly  processed products .  The i n e q u i t y  
of t h i s  s i t u a t i o n  i s  by now too w e l l  known t o  need t o  be argued here .  It 
inc ludes ,  i n  a d d i t i o n  t o  t h e  obvious imbalance i n  u n i t  va lues  between the  

8 /  For f u r t h e r  d e t a i l s ,  s e e  t h e  Report on t h e  uNDPIFAO Pulp and 
p a p e r - ~ n d u s t r i e s  Development Programme t o  t h e  Expert Consul ta t ion  on World 
Pulp and Paper Demand, Supply and Trade, Tunis ,  20-22 September 1977, and 
t h e  conc lus ions  of t h e  Consul ta t ion ,  i n  "World Pulp and Paper Supply, 
Demand and Trade," FA0 1978. 
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two t r a d e  f lows,  exposure of t h e  expor t ing  c o u n t r i e s  t o  t h e  i n s e c u r i t y  
surrounding t h e  r e l a t i v e l y  h igher  f l u c t u a t i o n s  i n  p r i c e s  which a f f l i c t  
raw m a t e r i a l s ,  and the tendency f o r  terms of t r a d e  t o  move a g a i n s t  them. 

The p o l i c i e s  f o r  f o r e s t r y  and f o r e s t  i n d u s t r y  development pursued by 
most t r o p i c a l  c o u n t r i e s  hence seek t o  r e d r e s s  t h i s  s i t u a t i o n .  They a r e  
very  l a r g e l y  s t r u c t u r e d  around a  cont inu ing  r e l i a n c e  on f o r e i g n  p a r t i c i -  
pa t ion  i n  t h e  development of t h e  sec tor : /  t o  secure  t e c h n i c a l  know-how 
and ope ra t i ng  e x p e r t i s e ,  a c c e s s  t o  expor t  markzts ,  and investment c a p i t a l  
t o  f i nance  equipment t h a t  h a s  t o  be imported from overseas .  These p o l i c i e s  
inc lude  measures t o  i n c r e a s e  t h e  l e v e l  of domestic processing,  t h e  e x t e n t  
o f l o c a l  ownership, and of s t a f f i n g  by n a t i o n a l s ,  and c o n t r o l  on r e p a t r i a -  
t i o n  of earn ings .  The arguments t h a t  surround them a r e  w e l l  known. 
Obviously t h e r e  has  t o  b e  an e q u i t a b l e  balance between s e c u r i t y  f o r  t h e  
fo re ign  pa r tne r  and t h e  b e n e f i t s  t h a t  accrue  t o  t h e  country.  Otherwise 
investment w i l l  n o t  t ake  p lace .  There have, need le s s  t o  s ay ,  on occasion 
been abuses  by both  i ndus t ry  and government. But q u i t e  c l e a r l y  t h e  
genera l  t h r u s t  i s  now towards g rea t e r  l o c a l  c o n t r o l  of t h e  count ry ' s  
n a t u r a l  resources ,  and toward i n t e r n a l l y  loca ted  and r e l a t i v e l y  autonomous 
processes  of growth. 

P a r t  of t h e  p o l i t i c a l  framework of t r o p i c a l  f o r e s t r y  development tends  t o  
be  common t o  a l l  forms of i n d u s t r i a l  development and fo re ign  p a r t i c i p a t i o n .  
P a r t  i s  more p a r t i c u l a r  t o  f o r e s t r y .  A s  by f a r  t h e  g r e a t e r  p a r t  of f o r e s t  
land i s  pub l i c ly  owned, t h e  government e n t e r s  d i r e c t l y  i n t o  t r o p i c a l  
f o r e s t r y  development p r o j e c t s  a s  t h e  s u p p l i e r  of wood. Though t h e r e  a r e  
i n s t a n c e s  where t h i s  i s  achieved through s a l e s  of wood o r  f o r e s t  l and ,  t h e  
more common p r a c t i c e  i s  through concession agreements of one form o r  
another ,  which g ran t  r i g h t s  t o  work the  f o r e s t  land f o r  l o g  product ion f o r  
a  s e t  per iod of t i m e ,  and under s p e c i f i e d  condi t ions .  

To be s a t i s f a c t o r y  a  concession agreement must aga in  s t r i k e  an e q u i t a b l e  
balance between t h e  l e g i t i m a t e  i n t e r e s t s  and requirements  of t h e  two 
p a r t i e s  t o  i t .  It must a l s o  be  enforceable ,  and be enforced.  There a r e  
many reasons  why t h i s  is d i f f i c u l t .  E i the r  or both p a r t i e s  may l a c k  t h e  
knowledge and exper ience  t o  be a b l e  t o  i d e n t i f y  what would c o n s t i t u t e  an 
e q u i t a b l e  and workable agreement. Fo re s t  se r \ . i ces  u s u a l l y  l a c k  experience 
wi th  i n d u s t r i a l  ope ra t i ons ,  l o c a l  en t repreneurs  probably l ack  experience 
i n  wood-using i n d u s t r i e s ,  and fo re ign  companies may we l l  l a c k  knowledge of 
l o c a l  condi t ions .  Fores t  s e r v i c e s  may w e l l  he.ve i n s u f f i c i e n t  manpower 
and t r a i n i n g  t o  adequately monitor concession ope ra t i ons ,  o r  t o  f u l f i l l  
t h e i r  own o b l i g a t i o n s  under t h e i r  agreements. Low s a l a r i e s  may make t h e  
system l i a b l e  t o  co r rup t ion ,  and so  encourage indus t ry  t o  abuse t h e  
agreement. 

One of t h e  r e q u i s i t e s  of proper t r o p i c a l  f o r e s t  development i s  thus  t h e  
development of t he  necessary  s k i l l s  and i n s t i t : u t i o n a l  s t r u c t u r e s  i n  t h e  
producing coun t r i e s .  Th i s  i s  ev iden t ly  a  concern and r e s p o n s i b i l i t y  of 
government. In  anything bu t  t he  s h o r t e s t  term, however, i t  should a l s o  

91 I n  t h e  paper-related i ndus t ry  s e c t o r  i n  L a t i n  America, f o r  
exampie, majority-owned U.  S .  co rpo ra t i ons  accounted f o r  more than ha l f  
of t o t a l  s a l e s  i n  1974 (Gregersen and Cont re ras ) .  
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be  i n  t h e  i n t e r e s t s  of a l l  involved i n  t r o p i c a l  f o r e s t r y  development, 
p r i v a t e  a s  w e l l  a s  pub l i c ,  t o  ensure t h a t  t h i s  happens. 

CONCLUSIONS 

Trop ica l  f o r e s t s  a r e  an important  component of t h e  r e sou rce  base of 
many developing coun t r i e s .  They can c o n t r i b u t e  t o  t h e  economic and 
s o c i a l  development of t h e s e  coun t r i e s  i n  a number of important  ways. 
P a r t i c u l a r l y  i n  t h e  r ecen t  p a s t ,  developments based on t r o p i c a l  f o r e s t s  
have a l r eady  made s i g n i f i c a n t  con t r ibu t ions  t o  t h e  development of some 
coun t r i e s .  However, t h e  p o t e n t i a l  remains f o r  a f u l l e r  and more e f f e c t i v e  
con t r ibu t ion .  I f  t h i s  p o t e n t i a l  is  t o  be  f u l f i l l e d ,  developments need 
t o  be c o n s i s t e n t  with a complex set of i n t e r r e l a t e d  economic and p o l i t i c a l  
f a c t o r s .  

The focus i n  t h i s  paper has  tended t o  be on t h e  v a r i e t y  of d i f f i c u l t i e s  
t h a t  can be encountered i n  threading  a way through t h i s  complex framework, 
and on t h e  shortcomings t h a t  may ensue Tf they a r e  no t  t'aken i n t o  account.  
It remains t o  be s a i d  t h a t  t h e r e  i s  enough experience wi th  succes s fu l  
developments t o  show t h a t  such d i f f i c u l t i e s  a c t u a l l y  e x i s t ,  bu t  can be 
overcome. There is  a need t o  document and c r i t i c a l l y  ana lyze  such 
exper ience  more f u l l y ,  i n  o rde r  t o  provide more u s e f u l  g u i d e l i n e s  f o r  
succes s fu l  developments i n  t h e  f u t u r e .  
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Kraf t  pulp of s a t i s f a c t o r y  q u a l i t y  f o r  s e l e c t e d  paper grades i s  p r e s e n t l y  
being manufactured from t r o p i c a l  hardwoods and from mixed t r o p i c a l  
hardwoods. Experience wi th  t h i s  pulp i s  now being gained through s a l e s  
i n  t h e  world market. Although t h e r e  i s  p r e s e n t l y  a n  oversupply of pulp,  
f u t u r e  needs w i l l  r e q u i r e  a d d i t i o n a l  capac i ty .  

A s tudy was r e c e n t l y  conducted i n t o  t h e  u t i l i z a t i o n  of mixed t r o p i c a l  
hardwoods f o r  t h e  manufacture of p u l p . l  The purpose of t h e  s tudy  w a s  t o  
determine t h e  p o t e n t i a l  f o r  u t f l i z a t i o n  of t h i s  e x i s t i n g  n a t u r a l  resource  
i n  a developing country a s  a means of c r e a t i n g  u s e f u l  products ,  pro- 
v id ing  new employment oppor tuni ty ,  s t imu la t ing  t h e  economy, and improving 
t h e  balance of t r a d e ,  while  observing due regard f o r  conserva t ion  and 
eco log ica l  f a c t o r s .  

The scope of t h e  s tudy  was t o  conduct a pre l iminary  i n d u s t r i a l  survey 
i n t o  t h e  t echn ica l  and f i n a n c i a l  f e a s i b i l i t y  of ha rves t ing  run-of-the- 
woods t r o p i c a l  hardwoods f o r  t h e  manufacture of pulp,  and f o r  t h e  
genera t ion  of steam and e l e c t r i c a l  energy fror.1 t r o p i c a l  hardwoods. 

Information used i n  t h e  p re sen ta t ion  of t h i s  s tudy was gathered from d a t a  
obtained:  a t  pulp m i l l s  p r e sen t ly  manufacturing pulp and paper products  
from mixed t r o p i c a l  hardwoods; from t h e  l abo ra to ry  r e s u l t s  and p i l o t  
s c a l e  tests done by t h e  U.S. Department of Agr i cu l tu re ,  Fo res t  Se rv i ce ,  
Fo res t  Products  Laboratory; from Ph i l i pp ine  and Colombian Governmental 
s tud ie s ;  from t h e  United Nations Food and Agr i cu l tu re  Organizat ion (FAO); 
and from our  in-house information.  

The economics of cons t ruc t ing  a new k r a f t  pulp m i l l  a r e  adverse ly  
a f f e c t e d  by c u r r e n t l y  depressed market p r i c e s .  This  condi t ion  can be 
expected t o  change a s  demand ca tches  up t o  supply.2 

Incremental earn ings  b e n e f i t s  can be  obtained under s p e c i f i c  cond i t i ons  
i n  an e x i s t i n g  k r a f t  pulp m i l l  by t h e  use  of mixed t r o p i c a l  hardwoods 
f o r  pulping and a s  a f u e l  s u b s t i t u t e  f o r  t h e  genera t ion  of steam and 
e l e c t r i c a l  energy. 



UTILIZATION OF TROPICAL HARDWOODS FOR YANJFACTURE OF PULP, 

GENERATION OF STEAM, AND ELECTRICAL ENERGY-- 

A PRELIMINARY INDUSTRIAL SURVEY 

Robert N .  Zabe and Richard J .  Albert  

BACKGROUND 

U t i l i z a t i o n  of t r o p i c a l  hardwood spec ies  f o r  pulping and papermaking 
has been l imi t ed  u n t i l  r e c e n t l y ,  although research  has been c a r r i e d  ou t  
f o r  over ha l f  a century.  

The genera l  f o r e s t r y  p r a c t i c e  has been t o  harves t  t he  bes t  wood s e l e c t i v e l y  
and t o  l eave  t h e  secondary spec ies  s tanding i n  t h e  f o r e s t .  Operations 
have been e s t ab l i shed  f o r  convert ing these  se l ec t ed  spec ie s  i n t o  lumber 
and veneer ,  o r  t h e  wood has been sold i n  log form f o r  export .  This 
s e l e c t i v e  harves t ing  does no t  al low f o r  f u l l  u t i l i z a t i o n  of t h e  f o r e s t  
resource,  nor does i t  necessa r i ly  al low f o r  the  most b e n e f i c i a l  long 
term regenera t ion  of t h e  resource.  

The concept used here  i s  t o  employ run-of-the-woods harves t ing  of a l l  
spec ie s  wi th in  a given f o r e s t  a rea .  The emphasis i s  on t h e  u t i l i z a t i o n  
of secondary spec ie s  f o r  t h e  production of pulp, wi th  t h e  understanding 
t h a t  wood va lue  w i l l  determine t h e  end use  of niore va luable  spec ies .  
The economics of t he  s tudy do not r e f l e c t  t h e  n~arke t ing  of t hese  spec ies .  

Many t echn ica l  and economic s t u d i e s  have been c:onducted by The Food 
and Agr icul ture  Organization of t h e  United Nations (FAO) and o t h e r s  
t o  determine t h e  t echn ica l  and economic f e a s i b i l i t y  of producing pulp 
and paper from t r o p i c a l  hardwoods. It has beer1 genera l ly  shown i n  t h e  
labora tory  and i n  m i l l  opera t ion  t h a t  pulp can be produced, using the  
k r a f t  process ,  which is  acceptable  f o r  use  i n  se l ec t ed  paper grades. 

Ce r t a in  wood spec ie s  a r e  undes i rab le  due t o  high s i l i c a  content  o r  high 
e x t r a c t i v e s .  Some high d e n s i t y  woods a r e  l e s s  d e s i r a b l e  because of t he  
d i f f i c u l t y  i n  chipping and cooking. Resin o r  p i t c h  is a l s o  a problem 
which must be d e a l t  wi th  i n  many a reas .  For these  reasons i t  is  
advisable  t o  s o r t  mixed spec ie s  t o  c u l l  out  t h e  undes i rab le  wood f o r  
o the r  purposes than pulping. 

It has been repor ted  t h a t  pulp y i e l d s  a r e  lower wi th  t r o p i c a l  hardwood 
pulps than wi th  North American and o the r  tempelrate zone hardwood pulps,  
when pulped t o  the  same degree of de l ign i f  i ca t ion .3  



K r a f t  P u l p  P r o d u c t i o n  - From Drver 
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Nominal Des ign  R a t e  - ODT/Day 
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One R e p o r t  o f  5500 BTU/Lb Dry S o l i d s  

F i g u r e  1.--Mixed t r o p i c a l  hardwood b leached  k r a f t  pu lp  m i l l - -  
g e n e r a l  b a s i s  of d e s i g n .  



Laboratory tests have shown t h a t  o f t e n  t r o p i c a l  hardwood mixtures  
produce a  b e t t e r  q u a l i t y  pu lp  than many of t h e  inclividual spec i e s .  The 
d i s t r i b u t i o n  of f i b e r  dimensions and p r o p e r t i e s  i r i  t h e  mix apparen t ly  
has a  s y n e r g i s t i c  e f f e c t  which i s  b e n e f i c i a l  t o  pulp p r o p e r t i e s .  Pulp 
s t r e n g t h  tests a r e  comparable with those  of North American hardwoods. 
At b e s t ,  t h e  t e a r  f a c t o r  approaches t h a t  of some long f i b e r  pulp,  a f t e r  
s u i t a b l e  bea t ing .  The power t o  beat  t o  t h e  optimum l e v e l  appears  t o  be 
higher  f o r  pulp from mixed t r o p i c a l  hardwoods CMTIIW) . 
Tes t s  have r e c e n t l y  been c a r r i e d  ou t  a t  t h e  United S t a t e s  Fo re s t  Products  
Laboratory (FPL) i n  Madison, Wisconsin, t o  determine t h e  problems involved 
i n  making pulp from MTHW, and t o  compare pulp qua:Lity wi th  t h a t  of North 
American hardwoods.4 This  work confirmed e a r l i e r  t e s t i n g  and added t o  
t h e  knowledge a v a i l a b l e .  Wood samples from v a r i o u s  t r o p i c a l  a r e a s  were 
succes s fu l ly  pulped by t h e  k r a f t  and semichemical p rocess .  Tes t s  of 
t h e  pulps  and of t h e  paper produced ind i ca t ed  that: t h e  phys i ca l  and 
o p t i c a l  c h a r a c t e r i s t i c s  were accep tab l e  and compa~rable w i th  s i m i l a r  
products  produced with North American hardwoods. 

I n  o rde r  t o  confirm t h e  l a b o r a t o r y  r e s u l t s ,  m i l l s  producing k r a f t  pulp 
from MTHW were v i s i t e d  i n  t h e  Ph i l i pp ines  and i n  South America. Liner-  
board, co r ruga t ing  medium, and sack  paper ,  manufactured a t  t h e s e  
i n t eg ra t ed  m i l l s ,  a r e  so ld  i n  t h e  domestic market.  

CONSIDERATIONS REGARDING THE CONS'CRUCTION OF 
A NEW MIXED TROPICAL HARDWOOD KRAl?T PULP MILL 

General 

The manufacture of market grade bleached k r a f t  pulp from mixed t r o p i c a l  
hardwood CMTHW) is now an e s t a b l i s h e d  f a c t  bo th  £:corn tests a t  U.S. 
Fores t  Products  ~ a b o r a t o r ~ ~  and from commercial ope ra t i ons .  

The high c o s t  and u n c e r t a i n  a v a i l a b i l i t y  of f u e l  o i l  has caused many 
m i l l s  to  examine the substitution of high percentages of wood waste for 
f u e l  o i l  i n  t h e  genera t ion  o f  steam and power. 

These two f e a t u r e s  have been combined i n  t h e  des ign  of a  hypo the t i ca l  
500 me t r i c  ton  per day bleached k r a f t  MTHW pulp m i l l  f o r  t h i s  s tudy.  
The design c r i t e r i a  f o r  t h i s  m i l l  a r e  given i n  f  i g ~ r e  1. 

The u s e  of MTHW f o r  pulpwood and t h e  s u b s t i t u t i o n  of wood f o r  o i l  a s  
f u e l ,  i n  a  steam gene ra t i ng  b o i l e r  r e q u i r e s  no ne;J technology. I n  t he  
des ign  of a  new f a c i l i t y ,  however, t h e r e  a r e  some important  cons ide ra t i ons  
which in f luence  t h e  s i z i n g  of p rocess ing  a r ea s .  ,I lower y i e l d  f o r  
b leachable  grade pulp f o r  t r o p i c a l   hardwood^,^ a s  opposed t o  temperate 
zone hardwoods, has  an e f f e c t  on t h e  s i z e  of t h e  'brown s tock  and l i q u o r  
systems. The u s e  of f u e l  wood n e c e s s i t a t e s  a  l a r g e r  ch ip  handl ing system 
and lowers  t h e  combustion e f f i c i e n c y  of a  steam genera t ing  b o i l e r .  The 
f low diagram included a s  f i g u r e  2 shows t h e  pulp . n i l 1  process ing  systems 
which would be r equ i r ed  f o r  t h e  product ion of market grade bleached k r a f t  
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F i g u r e  2.--Mixed t r o p i c a l  hardwood b leached  k r a f t  p u l p  m i l l  p r o c e s s  f l o w  diagram. 

420 

BEST AVAILABLE COPY 



pulp from ~~, and f o r  t h e  generat ion of steam from MTHlf. Due t o  t h e  
importance of t he  ene.rgy usage i n  t h i s  m i l l ,  a heat  balance (f ig.  3 )  
has been included f o r  re ference .  

There is a s o c i a l  ob l iga t ion  t o  inc lude  t h e  l a t e s t  technology f o r  personnel 
and eco log ica l  pro tec t ion .  This has been accomplished by designing a l l  
process  and personnel f a c i l i t i e s  t o  meet t h e  requirements of t h e  
United S t a t e s  Occupational Safe ty  and Health Act codes. A i r  emission 
abatement and e f f l u e n t  treatment/containment systems have been designed 
t o  meet t h e  l a t e s t  United S t a t e s  s tandards  of t h e  Environmental 
P ro tec t ion  Agency. 

The m i l l  i s  designed and t h e  p l an t  arrangement has been e s t ab l i shed  f o r  
t r o p i c a l  c l imate  condi t ions .  Allowance has been made f o r  an o rde r ly  
f u t u r e  expansion. The p l an t  arrangement is  shown i n  f i g u r e  4. 

Scarce c a p i t a l  i s  conserved and employment oppor tun i t i e s  a r e  increased 
by using a mlnlmum of automated systems and designing the  i n i l l  t o  be 
labor  in t ens ive  t o  t h e  maximum extent  poss ib le .  The personnel requirements 
f o r  t h i s  14TI-W pulp m i l l  a r e  shown i n  f i g u r e  5 and can be compared wi th  
manpower requirements f o r  a t yp ica l  modern North American pulp m i l l .  

A 500 metr ic  ton per day bleached k r a f t  mixed t r o p i c a l  hardwood pulp 
m i l l  loca ted  i n  Southeast Asia i s  est imated t o  r e q u i r e  a t o t a l  investment 
of US $266,000,000. 

Process Systems 

The fol lowing is a desc r ip t ion  of t he  major pulp m i l l  process  systems. 
It has a l ready been sa id  t h a t  t he  s i z i n g  of process systems i s  somewhat 
d i f f e r e n t  f o r  MTHW than f o r  temperate zone hardwoods. These desc r ip t ions  
inc lude ,  where app l i cab le ,  a b r i e f  d iscuss ion  of t.he p r i n c i p a l  changes 
when using MTHW. 

Wood Process ing  requirements a r e  g rea t e r  than those f o r  a standard 
temperate zone k r a f t  pulp m i l l .  Approximately 352; more roundwood must be 
provided. This  a d d i t i o n a l  wood is  needed t o  provide pulp wood t o  t h e  
d i g e s t e r  and f u e l  wood t o  t h e  bo i l e r .  

Pulping is  based on a continuous d i g e s t e r  system wi th  approximately 15% 
grea te r  capaci ty  than t h a t  requi red  f o r  temperate zone hardwoods i n  order  
t o  produce the  design tonnage a t  40% bleached yiel-d f o r  MTHW. The 
d i g e s t e r  s i z e  a l s o  al lows f o r  two hours of high hea t  washing. It i s  
important t o  no te  t h a t  a l l  l i q u o r  systems must be increased i n  s i z e  
because of t h e  lower y i e l d s  of KlXW. The d i g e s t e r  is  followed by a 
two s t a g e  d i f f u s i o n  washing system, pressure  kno t t e r s ,  and pressure  
screens .  A t h r e e  s t age  c leaning  system i s  added t o  t h e  brown s tock  
processing equipment i n  order  t o  remove d i r t  and p i t c h  ( typ ica l  i n  MTHW) 
from t h e  screened pulp. Af ter  thickening,  t he  pulp i s  s to red  a t  h igh  
consis tency.  



Figure 3 .  --Mixed t r o p i c a l  hardwood bleached kraf  t pulp m i l l  hea t  balance. 



Figure 4.--Mixed t r o p i c a l  hardwood bleached k r a f t  pulp m i l l  p l a n t  arrangement. 
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M T H W  Pulp  M i l l  Manpower Requirements - Labor I n t e n s i v e  Design Labor Saving Desiqn 

T o t a l s  

q p .  North American 

Sh i  f t  D a y  T o t a l s  

Department - M i l l  M i l l  O f f i c e  Man age rs HTHW - - 
Wood 
p repa ra t ion5  14 22 6 3 45 

Pulp ing  15 5 2 0 

Evaporat ion & 

Re cove ry 15  6 

Liquor  
P r e p a r a t i o n  1 0  3 

Bleach P l a n t  1 0  4 14  

Bleach Chem. 
Prep .  15  4 

Pulp  P roces s  
& F i n i s h i n g  50 7 

Warehouse 13  1 3  

Water Treatment 
& E f f l u e n t  2 0 4 

Wood Fuel  
B o i l e r  20 6 

Te chni  c a l  1 3 0 31 

Main tenan  ce 
& Trans. 4 0 122 

O f f i c e ,  
C l e r i c a l ,  
S e c u r i t y  25 100 135 2 5 285 

Product ion  
Management 

Figure 5.--Mixed t r o p i c a l  hardwood bleached k r a f t  
pu lp  m i l l  personnel  requirements.  



Liquor Recoyery-Eyaporation Weak b l ack  l i q u o r  from t h e  d i g e s t e r  is  concen- 
t r a t e d  t o  62% s o l i d s  con ten t  i n  a s i x - e f f e c t ,  six-hody evapora tor  set.  
This  system has t h e  capac i ty  f o r  t he  h igher  l i q u o r  f low r a t e s  expected 
from t h e  MTKW l i q u o r  cyc l e .  

Liquor Recovery-Incineration. The b lack  l i q u o r  recovery b o i l e r  is  a modern 
low odor type u n i t  w i th  l a r g e  economizer, without  f l u e  gas  d i r e c t  con tac t  
evapora tor ,  and wi th  a h igh  e f f i c i e n c y  e1ec t ros ta t j . c  p r e c i p i t a t o r .  The 
recovery u n i t  n u s t  be c a r e f u l l y  s i zed  t o  handle ant l ic ipated l i q u o r  flows. 
The l i q u o r  hea t ing  va lue  i s  a wide v a r i a b l e  f o r  14TEW and must be determined 
f o r  each reg lon .  

Liquor Recovery-Recausticizing. The l i q u o r  p repa ra t i on  system i s  comprised 
of convent ional  g r a v i t y  type  s e t t l i n g  equipment f o r  t h e  r e c a u s t i c i z i n g  
a r e a  and a s tandard  r o t a r y  k i l n  with r e l a t e d  a u x i l i a r i e s  f o r  t h e  lfme 
reburn ing  process .  This  system is  s i z e d  l a r g e  enough t o  provide 15%; more 
cooking l i q u o r  than  would be requi red  f o r  a temperate  zone hardwood m i l l  
of t h i s  s i z e .  

Wood Fuel  Steam Generat ing Bo i l e r .  The b o i l e r  is  designed t o  u s e  wood 
and wood waste a s  i t s  p r i n c i p a l  f u e l .  Approximate:Ly 20% of t h e  steam 
from t h e  wood f u e l  b o i l e r  w i l l  r e s u l t  from t h e  coml~ust ion of f u e l  o i l .  
The f u e l  o i l  is  r equ i r ed  t o  permit adequate  response t o  r a p i d  swings i n  
m i l l  steam and power demand. 

Wood c h i p s  a long  wi th  ba rk  from t h e  woodroomareco~~veyed pneumatical ly  
t o  a cyclone s e p a r a t o r  a t  t h e  wood f u e l  b o i l e r .  Firom t h e  s e p a r a t o r  t h e  
wood f u e l  f lows by g r a v i t y  through a c h i p  d i s t r i b u t o r ,  ch ip  feed ing  b in ,  
and c h i p  chu te s  t o  s t o k e r  d i s t r i b u t o r s .  

Ni t rous  oxide emission c o n t r o l  i s  provided i n  t h e  des ign  of s i z e  and 
capac i ty  of t h i s  b o i l e r .  Two-stage mechanical f l y  a s h  c o l l e c t o r s  a r e  
included t o  minimize p a r t i c u l a t e  emission. 

This b o i l e r  us ing  mixed f u e l s  a s  descr ibed  w i l l  be approximately 20% l a r g e r  
than  one designed f o r  o i l  due t o  lower combustion e f f i c i e n c y .  

Bleaching of pulp w i l l  be accomplished i n  f i v e  s tages- -ch lor ina t ion ,  
c a u s t i c ,  c h l o r i n e  d iox ide ,  c a u s t i c ,  c h l o r i n e  d iox ide .  There a r e  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  equipment type,  s i z e  and m a t e r i a l s  of 
c o n s t r u c t i o n  f o r  t h i s  b leach  p l a n t  from those  used i n  a s tandard  market 
pulp b leach  p l a n t .  

Pulp Dryer. The pulp drying f a c i l i t y  i nc ludes  an  e s s e n t i a l l y  convent ional  
machine w i th  a f o u r d r i n i e r  w e t  end and a n  a i rbo rne  d r y e r .  

E l e c t r i c a l .  The pulp m i l l  i s  designed t o  be v i r t u a l l y  s e l f - s u f f i c i e n t  
f o r  e l e c t r i c a l  u t i l i t i e s  and s e r v i c e s .  On-site gene ra t i on  of e l e c t r i c i t y  
is  provided by a steam d r i v e n  t u r b i n e  genera tor .  A d i e s e l  motor gene ra to r  
p rovides  power dur ing  cons t ruc t ion ,  then l a t e r  is  used f o r  m i l l  s t a r t -up  
and emergency purposes.  



Maintenance. A maintenance shop i s  inc luded  w i t h  t h e  nece s sa ry  t o o l s  
and equipment t o  perform any d a i l y  maintenance work and most major r e p a i r s .  

I n f r a s t r u c t u r e  

The i n f r a s t r u c t u r e  requ i rements  and c o s t s  c o n s t i t u t e  some of t h e  g r e a t e s t  
v a r i a b l e s  when c o n s t r u c t i n g  a  pulp m i l l  i n  a  deve lop ing  count ry .  I f  t h e  
m i l l  i s  l o c a t e d  nea r  a  developed popu l a t i on  c e n t e r ,  t h e  i n f r a s t r u c t u r e  
c o s t  could be  q u i t e  low. I n  a  remote l o c a t i o n  such a s  t h e  one s e l e c t e d  
from t h i s  MTHW pu lp  m i l l ,  t h e  i n f r a s t r u c t u r e  c o s t  could equa l  one-half 
of t h e  t o t a l  inves tment .  For t h i s  a n a l y s i s ,  t h e  s i t e  is  assumed t o  be i n  
a  remote l o c a t i o n  c l o s e  t o  t h e  woodlands, on t h e  s e a  c o a s t ,  where f l a t  
topography and good s o i l  bea r i ng  minimize s i t e  p r e p a r a t i o n  and founda t ion  
c o s t s .  

S ince  t h e  l o c a l  government may pay f o r  t h e  development of a l l  o r  p a r t  of 
t h e  g e n e r a l  i n f r a s t r u c t u r e  c o s t s ,  on ly  t h e  m i l l  r e l a t e d  i n f r a s t r u c t u r e  
c o s t s  have been included i n  t h e  e s t i m a t e  of t o t a l  investment .  These 
m i l l  r e l a t e d  i n f r a s t r u c t u r e  c o s t s  c o n s i s t  of minimum roads ,  wa te r  supply ,  
was te  f a c i l i t i e s ,  a  communications system, e l e c t r i c i t y  d i s t r i b u t i o n ,  
bu lk  m a t e r i a l s  systems,  and t h e  on - s i t e  s e r v i c e s  and a m e n i t i e s  f o r  t h e  
s e n i o r  s t a f f  such as hous ing ,  r e c r e a t i o n a l ,  r e l i g i o u s ,  and medical  
f a c i l i t i e s .  These m i l l  r e l a t e d  i n f r a s t r u c t u r e  c o s t s  have been e s t ima t ed  
t o  be  $11,000,000 and t h i s  ha s  been included i n  t h e  t o t a l .  

The g e n e r a l  i n f r a s t r u c t u r e  requ i rements  can i nc lude  any o r  a l l  of 
t h e  fo l lowing:  

Housing f o r  t h e  community which w i l l  develop o u t s i d e  of t h e  manufactur ing 
p l a n t .  Th is  community w i l l  c o n s i s t  of m i l l  employees and t hose  who 
prov ide  goods and s e r v i c e s  t o  t h e  m i l l  and m i l l  pe r sonne l .  

C i v i l  s e r v i c e s  i nc lud ing  c i v i l  a d m i n i s t r a t i o n ,  p o l i c e  and f i r e  depar tments ,  
and a  t r a n s p o r t a t i o n  network of roads .  

H o s p i t a l s ,  s choo l s ,  and r e l i g i o u s  f a c i l i t i e s .  

U t i l i t i e s  i n c l u d i n g  gene ra t i on  and d i s t r i b u t i o n  of e l e c t r i c i t y ,  wa te r  
supply ,  and was te  t r e a tmen t .  

The development c o s t s  f o r  g e n e r a l  i n f r a s t r u c t u r e  could be  many t imes  
t h e  c o s t  of m i l l  r e l a t e d  i n f r a s t r u c t u r e .  

500 T/D IWFT PULP MILL 

F i n a n c i a l  

F i n a n c i a l  c o n s i d e r a t i o n s  f o r  t h i s  h y p o t h e t i c a l  MTHW 500 m e t r i c  t on  per 
day k r a f t  pulp  m i l l  c o n s i s t  of t h e  fo l lowing  components: 



1. T o t a l  Investment Cost--The e s t ima te  of p l an t  c a p i t a l  c o s t s ,  working 
c a p i t a l  requirements ,  s t a r t u p  c o s t s ,  m i l l  r e l a t e d  i n f r a s t r u c t u r e  c o s t s ,  
and t h e  c o s t  of c a p i t a l  dur ing  cons t ruc t ion .  

2. Manufacturing Costs--The d i r e c t  manufacturing c o s t s  inc lud ing  wood 
c o s t s  f o r  pulp,  cooking and bleaching chemicals c o s t ,  m a t e r i a l s  c o s t ,  
f u e l  c o s t s  (both f u e l  o i l  and f u e l  wood), and labor  c o s t s .  

3 .  Financ i a l  Analysis--Translation of t h e  c o s t  d a t a  a long  with va r ious  
revenue assumptions i n t o  a  form which w i l l  be meani.ngfu1 t o  p o t e n t i a l  
i nves to r s .  Based on a  5  yea r  engineer ing and cons t ruc t ion  pe r iod ,  
4  y e a r s  from s t a r t u p  t o  f u l l  product ion,  20 year p l a n t  l i f e ,  15 year  
loan  repayment a t  12% i n t e r e s t ,  40% equ i ty  investment,  t h e  fol lowing 
were c a l c u l a t e d :  p r o f i t  and l o s s ;  cash flow; debt  s e r v i c e  r a t i o ;  and 
discounted ca sh  flow r e t u r n  on equi ty .  

Cost Estimates--Investment; 

The t o t a l  investment i s  composed of t h e  fol lowing:  

Tot a 1  P l an t  Cap i t a l  
Working Cap i t a l  
S t a r t u p  Costs 
M i l l  Related I n f r a s t r u c t u r e  
I n t e r e s t  During ConstructLon 

The t o t a l  investment c o s t  i s  summarized i n  t a b l e  1 

A. To ta l  P l an t  Cap i t a l  

The c a p i t a l  c o s t  inc ludes  t h e  cos t  of a l l  p rocess  equipment and systems 
descr ibed  a s  we l l  a s  s t r u c t u r e s ,  systems, and s e r v i c e s  i nd i ca t ed  i n  t h e  
p l a n t  arrangement. The e s t i m a t e  is based on c u r r e n t  c o s t  e s t ima te s  of 
equipment manufacturers ;  a c t u a l  c o s t s  of r e c e n t l y  completed p r o j e c t s ,  
wi th  adjustment made f o r  s i z e  v a r i a t i o n s ;  and c o s t  e s t ima te s  from recen t  
FA0 s t u d i e s .  

A l l  c o s t s  a r e  i n  US d o l l a r s  and have been e sca l a t ed  t o  t h e  t h i r d  
q u a r t e r ,  1977. 

The spare  p a r t s  e s t ima te  is based on recommendatio~ls of equipment manu- 
f a c t u r e r s  and a c t u a l  inventory l e v e l s  of e x i s t i n g  i n i l l s  ope ra t i ng  i n  
developing c o u n t r i e s ,  ad jus t ed  f o r  s i z e  v a r i a t i o n .  

It has been assumed t h a t  t h i s  p ro j ec t  would be funded through i n t e r n a t i o n a l  
f i nanc ing  and, t he re f  o r e ,  no import d u t i e s  have been included i n  t h e  
e s t i m a t e  of c o s t s .  



Table 1.--Total investment cost 

P l a n t  C a p i t a l  

C a p i t a l  C o s t  

Spa re  P a r t s  

C o n s t r u c t i o n  Overhead 

E n g i n e e r i n g  

C o n t i g e n c i e s  

T o t a l  P l a n t  C a p i t a l  

Working C a p i t a l  

S t a r t u p  C o s t s  

M i l l  R e l a t e d  I n f r a s t r u c t u r e  

I n t e r e s t  Dur ing C o n s t r u c t i o n  

T o t a l  I nves tmen t  



B. Working C a p i t a l  

The working c a p i t a l  requirement has been based on t h e  amount deemed 
reasonable t o  f i l l  t h e  processing "pipel ines"  and cont inue  ope ra t ions  
u n t i l  r ece ivab le s  have been co l l ec t ed .  The b a s i s  l o r  determining 
working c a p i t a l  is: r ece ivab le s  (at  c o s t ) ,  2 months; pulp i n  warehouse 
( a t  c o s t ) ,  1 month; chemicals  and f u e l  i n  s to rage ,  1 month; wood i n  yard,  
one-half month. 

C. S t a r t u p  Costs  

Included i n  s t a r t u p  c o s t s  a r e :  t h e  t r a i n i n g  i n  t h e  United S t a t e s  of 
Nat iona ls  from t h e  developing country who w i l l  become supe rv i so r s  i n  t h e  
pulp m i l l ;  t h e  U.S. pulp m i l l  opera t ions  personnel  who w i l l  be  a t  t h e  
m i l l  dur ing t h e  s t a r t u p  per iod;  p r e s t a r t u p  and s t a r t u p  t r a i n i n g  of a l l  
m i l l  personnel;  t h e  equipment manufacturers '  repre , ;en ta t ives  who w i l l  
superv ise  t h e  i n i t i a l  s t a r t u p  and opera t ion  of spec i a l i zed  equipment; 
and miscel laneous items r equ i r ed  f o r  s t a r t u p  only.  

D. M i l l  Related I n f r a s t r u c t u r e  

The m i l l  r e l a t e d  i n f r a s t r u c t u r e  c o s t s  included c o n s i s t  of minimum roads,  
water supply, waste f a c i l i t i e s ,  a communications system, e l e c t r i c i t y  
d i s t r i b u t i o n ,  bu lk  m a t e r i a l s  systems; and t h e  o n s i t e  s e r v i c e s  and 
ameni t ies  f o r  t h e  s e n i o r  s t a f f ,  such a s  housing, r e c r e a t i o n a l  f a c i l i t i e s ,  
a chapel ,  and medical f a c i l i t i e s .  

E. I n t e r e s t  During Construct ion 

Financing c o s t s  f o r  t h e  m i l l  dur ing  t h e  cons t ruc t ion  period were ca l cu la t ed  
a t  a 12% c o s t  of money and based on 60% debt  f inanc ing  over t h e  l a s t  
3 yea r s  of t h e  5 year  cons t ruc t ion  period.  

Cost Estimates--Manu£ a c t u r i n g  

The manufacturing c o s t  is est imated a s  fol lows:  

Wood Costs--Wood f o r  Pulp 
Fuel  Costs--Fuel Oi l /Fuel  Wood 
Labor Costs  
Cooking and Bleaching Chemicals Costs  
Ma te r i a l s  Costs  

The manufacturing c o s t s  a r e  summarized i n  t a b l e  2. 

A. Wood Costs--Wood f o r  P u l ~  

The equiva len t  c o s t  per  bleached ton i s  ca l cu la t ed  from t h e  est imated c o s t  
per cubic  meter of wood f o r  pulp5 a f t e r  an  allowance has  been made f o r  
bark and f i n e s  removal and i s  based on an average ovendry s p e c i f i c  g r a v i t y  
of 0.48 and a bleached pulp y i e ld  of 40%. 



Table 2.--Direct manufacturing cos t  

U S $ / A i r  Dry  Metric Ton o f  P u l p  

P u l p w o o d  Cos  t 

3  $ 1 7 . 3 0 / ~  Wood = $ 3 7 . 1 6 / T o n  C h i p s  $ 9 2 . 9 0  

F u e l  C o s t  

L i m e  K i l n :  
F u e l  O i l  C o s t  9 4 1 0  G a l / D a y  @ . 4 5 4 / G a l ;  

3 5 0  D / Y r ;  1 7 5 , 0 0 0  T /Yr  8 . 6 0  

Wood F u e l  B o i l e r :  
F u e l  O i l  C o s t  9 7 3 0  G a l / D a y  @ $ . 4 5 4 / G a l ;  

350  D/Yr;  1 7 5 , 0 0 0  T/Yr  8 . 9 0  

Wood F u e l  C o s t  $ 1 3 . 5 5 / ~ ~  = $25.62/ODT X 
2 7 6 . 6  ODT/D @ 5 0 0  ' I ' / D P u l p  1 4 . 2 0  

C h e n i c a l s  , L a b o r ,  K a t e  r i a l s  C o s  t 8 9 . 2 0  

T o t a l  O p e r a t i n g  C o s t  - 

Pulp Wood C O S ~ / M ~  = $17.30 (Reference 5 )  

Fuel Wood cost/M3 = $13.55 (Reference 5)  

$17.30 

$13.55 M3 I7T3 2000 LB 
= $25.62/Ton 

M3 35.314 l?T3 62.4 (.48)LB Ton Wood Chips 

M3 
I 

M3 35.314 F T ~  1 62.4 (.48)LB 

2200 LB I 1 .0  OD 

M Ton I 1.1 AD 

1 .0  Equiv Wood ~Yield=$92.9011 Ton ' 
I 

0.88 Pulp Chips 10.40 Bleached Pulp 



B. Fuel  Costs  

Lime k i l n  f u e l  o i l  requirements a r e  based on a c t u a l  c a l c u l a t i o n s  and have 
been compared wi th  e x i s t i n g  opera t ions .  The pril-e of $0.12 per l i t e r  of 
f u e l  o i l  has  been obtained from e x i s t i n g  operati .ag m i l l  r ecords  and 
government sources f o r  t h e  loca t ions  s e l e c t e d  f o r  t h i s  study. 

Wood f u e l  b o i l e r  t o t a l  hea t  requirements have be'on determined f o r  t h i s  
m i l l ,  and t h i s  information i s  summarized on t h e  'heat balance which has 
been inc luded . 
Fuel o i l  i s  assumed t o  provide 20% of t he  hea t  rsquirement f o r  t h e  wood 
f u e l  b o i l e r .  The f u e l  o i l  c o s t  used is,  aga in ,  $0.12 per l i t e r .  

Fuel  wood c o s t  per cubic  meter i s  based on t h e  tncremental c o s t  f o r  
harves t ing ,  t r anspor t ing ,  and processing t h i s  a d ~ l i t i o n a l  wood f o r  u se  a s  
fue l . 5  The equiva len t  c o s t  is based on an ovendry s p e c i f i c  g r a v i t y  of 
0.48 and a  hea t  va lue  of 8,500 Btu per pound. 

Wood waste (bark and f i n e s  from pulp wood) c o s t s  have been included 
i n t h e  u n i t  c o s t  of pulp wood. 

C.  Labor Costs 

Labor c o s t s  a r e  est imated from t h e  manpower requirements shown i n  
f i g u r e  1 and a r e  based on labor  r a t e s  e x i s t i n g  i n  t h e  a r e a  s e l e c t e d .  
This information has been derived from a c t u a l  m i l l  opera t ions  and FA0 
r e p o r t s  f o r  s imi l a r  pulp m i l l s .  

D .  Cooking and Bleaching Chemicals Costs  

These c o s t s  a r e  based on t h e  t o t a l s  der ived from t h e  p r i c e s  i n  m i l l  r ecords  
and supp l i e r  information a s  appl ied to  t he  usage r a t e s  app l i cab le  t o  each 
chemical. 

E.  Mater ia l s  Costs 

Mater ia l s  c o s t  is  based on information received from d i scuss ions  wi th  
pulp m i l l  personnel  and examination of pulp m i l l  r ecords .  

F. Product ion  

It i s  an t i c ipa t ed  t h a t  t h e  des ign  production r a t e  w i l l  be  achieved i n  
t h e  f i f t h  year  of opera t ion .  Capacity u t i l i z a t i o n  dur ing  t h i s  per iod i s  
est imated t o  be a s  fol lows:  50%, 75%, 85%, 95%, and 100%. 

F inancia l  Analysis--The f i n a n c i a l  a n a l y s i s  examines t h e  f e a s i b i l i t y  of 
t h i s  pulp m i l l  p ro j ec t  t o  p o t e n t i a l  i nves to r s  on the  b a s i s  of t h e  
fol lowing f i n a n c i a l  i n d i c a t o r s  : 



Table 3.--$425/ton-profit and loss-cash flow-debt service coverage--net return on equity 

Cb# k b t  IIC?$ Ermlty 
20 yr. SLrrlchS l l n e  depreclnt lon - ~10?63/ycnr 
I 5  year r lnnnclng 4 la 
Erlulty - $106,1Q 

D l s ~ o s l t l o n  oC Funds 
i'lqnt C.-pltal 3~1000 3 9 ~ ~  55375 W 7 5  29850 
l d r ~ ? t n ~ c l u r e  2200 7,330 3300 2200 1100 
Wcrk:c< C ~ p l t d  l l 4 0 0  
:?st & 5 .  nrL-up &a, 5 f25 2350 
Interest  - - &A00 11760 19200 1 9 2 ~  1 9 ~ ~  10685 1 8 1 ~ 8  171162 16738 15978 15020 1 4 d t  12865 11570 10162 05Q 6770 117618 2522 - - 
Rep?yrcnt of Debt - - - - - - 4292 4807 5 s  6030 6754 75Uc W72 9488 10627 1 1 p 2  13330 111930 1 6 ~ 2  13778 my70 - - 
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A. Discounted Cash Flow Return on Equi ty  

The discounted before  t a x  cash  flow r a t e  of r e t u r n  on equ i ty  investment 
was used i n  t h i s  f i n a n c i a l  a n a l y s i s  t o  g ive  p o t e n t i a l  equ i ty  i n v e s t o r s  a 
u s e f u l  t o o l  t o  eva lua t e  t h i s  p ro j ec t .  The r a t e  of r e t u r n  was determined 
which balanced discounted equ i ty  investment wi th  t h e  discounted stream 
of n e t  ca sh  f lows from t h e  f i r s t  year  of operat ion through t h e  expected 
l i f e  span of t h e  investment (which i n  t h i s  a n a l y s i s  is  assumed t o  be t h e  
20th year  of ope ra t ion ) .  

B. Debt Serv ice  Rat io 

This  measure was s e l e c t e d  i n  t h i s  f i n a n c f a l  a n a l y s i s  t o  show t h e  p r o j e c t ' s  
a b i l i t y  t o  meet deb t  o b l i g a t i o n s  on both the  i n t e r e s t  and repayment of 
t h e  debt  p r i n c i p a l .  This  r a t i o  is  ca l cu la t ed  by d iv id ing  t h e  est imated 
gross  p r o f i t  of t he  e n t e r p r i s e  i n  any year by t h e  payments of both i n t e r e s t  
and loan  repayment. 

P r o f i t  and l o s s  and cash  f low p ro jec t ions  were ca l cu la t ed  based on s e v e r a l  
d i f f e r e n t  revenue, and f inanc ing  assumptions t o  de.monstrate t he  f i n a n c i a l  
s i t u a t i o n  under s e l e c t e d  a l t e r n a t i v e  condi t ions .  It was seen t h a t  a t  
p resent  market p r i c e s ,  t h i s  m u l d  not  be a p ro f i t a .b l e  venture.  I n  o r d e r  
t o  permit a meaningful f i n a n c i a l  a n a l y s i s  p r i c e s  were taken t o  cover a 
range which would r e s u l t  i n  a p o s i t i v e  r e t u r n  on equ i ty .  This  range went 
from $375/ton t o  a l e v e l  which would y i e l d  a reasonable r e t u r n ,  $475/ton, 
wi th  a base c a s e  taken a t  $425/ton. 

This  information has  been t abu la t ed  i n  summary form and is  shown i n  t a b l e  3. 

Var ia t ions  i n  revenues, manufacturing c o s t ,  and c a p i t a l  c o s t  demonstrate 
t h e  s e n s i t i v i t y  of t h e  r e t u r n  on equ i ty  t o  t hese  a.ssumptions. S e n s i t i v i t y  
t e s t s  have been made and a r e  presented i n  graphica.1 form i n  t a b l e  4. 

Analysis  of t hese  d a t a  shows t h a t  t he  r e t u r n  on equ i ty  is  marginal a t  
$375/ton, 8%+ a t  $425/ton, and 12%+ a t  $475/ton. The r e t u r n  on e q u i t y  
is  most s e n s i t i v e  t o  changes i n  revenues. 

Assumptions f o r  f i n a n c i a l  a n a l y s i s  : 

A. Sa l e s  p r i c e  f o r  pulp is  assumed t o  be $425 per me t r i c  a i r  d ry  ton ,  
f .0 .b.  pulp m i l l .  Resul t s  were a l s o  ca l cu la t ed  us ing  $375 and $475/ADT 
a s  t h e  s a l e s  p r i ce .  (For exported pulp t h e  app l i cab le  c o s t ,  insurance,  
and f r e i g h t  must be added.) 

B. Manufacturing c o s t  is based on the  fol lowing r a t e s  a s  a percentage of 
design production: year 6,  50%, year 7 ,  75%, year 8 ,  85%, year 9, 952, 
and year  10, 100%. 

C. Depreciat ion i s  based on s t r a i g h t  l i n e  over a 20 year p l an t  l i f e .  
Depreciable a s s e t s  a r e  taken a s  t o t a l  investment l e s s  spa re  p a r t s ,  
working c a p i t a l ,  i n f r a s t r u c t u r e ,  and s i t e  r e l a t e d  c o s t s .  For deprec iab le  
a s s e t s  of $219,260,000, t h e  annual dep rec i a t ion  i s  $10,963,000. 



Table 4.--Sensitivity tests--internal rate of return on investment 

S I X S I T I V I T Y  TESTS ON INTERNAL RATE OF RETURN ON EQUITY - 

DECREASE ( $ 3 7 5 / T o n )  
( % I  

( $ 4 2 5 / ' T o n )  
BASE l=SE 

INCREASE 
( % I  



D. Financing i s  based on equ i ty  c a p i t a l  of $106,00O,~QO and deb t  c a p i t a l  
of $160,000,000 (60%). The loan  i s  r epa id  over a per iod of 15  yea r s  
w i th  payments s t a r t i n g  i n  t h e  second ope ra t i ng  yeair. The cons tan t  
f i nance  charge (pr inc ipa l  and i n t e r e s t )  o r  annui ty  i s  ca l cu l a t ed  based on 
12% i n t e r e s t .  

IFIPACT OF THE USE OF MIXED TROPICA:; EIARDWOODS 
ON AN EXISTING PULP MILL 

One of t h e  purposes f o r  u s i n g  MTHW i n  an e x i s t i n g  m i l l  would be  t o  
i n c r e a s e  p r o f i t a b i l i t y .  Consequently, i t  is  important t o  examine 
c a r e f u l l y  t h e  impact of u s ing  MTHW a s  i t  e f f e c t s  revenues,  product ion,  
and c o s t s .  

The impact on an  e x i s t i n g  m i l l  of using MTHW may be  assessed  on t h e  
fol lowing f i v e  bases:  

Impact on Pulp Qual i ty  and Marke t ab i l i t y  
Impact on Production Rate 
Impact on Cap i t a l  Costs  
Impact on Operating Costs  (Fuel Cost) 
Impact on Optimization 

1. Impact on Pulp Qual i ty  and f l a r k e t a b i l i t y  

These have been d e a l t  wi th  prev ious ly .  Summarizing t h a t  information,  
i t  was s t a t e d  t h a t  q u a l i t y  w i l l  be comparable t o  s -dgle  s p e c i e s  hardwood 
pulps f o r  c e r t a i n  grades  of paper. I n  t h e  c a s e  of an  e x i s t i n g  m i l l ,  some 
i n i t i a l  p r i c e  d i s coun t ing  m y  be necessary t o  s a t i s f y  p re sen t  customers. 

2 .  Impact on Product ion Rate 

I n  o rde r  t o  maintain product ion r a t e  when MTHW is  .used ( i n  a  k r a f t  pulp 
m i l l  of t r a d i t i o n a l  des ign  f o r  temperate zone hardwoods) f o r  pulping and 
when wood i s  s u b s t i t u t e d  f o r  o i l  i n  power b o i l e r ,  t h e  fol lowing new 
des ign  cond i t i ons  must be  considered:  

A. Wood ha rves t i ng  requirements  i nc rease  by 35%. This  r e s u l t s  from the  
use of more wood f o r  pulping t o  a  lower y i e l d ;  and t h e  requirement t o  
ha rves t  wood f o r  use  a s  f u e l .  

B. Wood processing requirements  i nc rease  t o  handle  t h e  incoming 
roundwood. Fuel wood does no t  r e q u i r e  debarking o r  screening.  However, 
t h r e e  t imes  t h e  wood and waste  handl ing t o  t h e  b o i l e r  is  r equ i r ed  than 
t h a t  f o r  a  s tandard mixed f u e l  b o i l e r .  

C .  Pulp d i g e s t e r ,  evapora t ion ,  recovery b o i l e r ,  and l i q u o r  p repa ra t i on  
system requirements  i n c r e a s e  by 10% t o  15% t o  maintain t h e  o r i g i n a l  
unbleached pulp product ion r a t e .  Most mixed t r o p i c a l  hardwoods have a  
higher  percentage of n o n c e l l u l o s i s  o rganics  than North American hardwoods, 
t h e r e f o r e ,  a  lower unbleached y i e l d  r e s u l t s .  A l l  processing a r e a s  



a f f e c t e d  by t h i s  must be s i zed  accordingly.  The requirements  i n  t hese  
a r e a s  would be dependent upon t h e  a c t u a l  raw m a t e r i a l s  i n  a  s p e c i f i c  
l o c a t  ion .  

D. Cen t r i fuga l  c l ean ing  system is  recommended. Mixed t r o p i c a l  hardwoods 
gene ra l ly  have a  h igh  r e s i n  content ,  and these  r e s i n s  are not  e a s i l y  
saponi f ied .  Unbleached pulp c l e a n e r s  can be used t o  a i d  i n  t h e  removal 
of t h i s  p i t c h .  

E. Power Boi le r .  I f  t h i s  u n i t  is p re sen t ly  designed t o  u se  o i l  only a s  
f u e l ,  a  new wood f u e l  b o i l e r  w i l l  be requi red .  I f  t h i s  i s  a  s tandard 
mixed f u e l  b o i l e r ,  t h e  lower combustion e f f i c i e ; l cy  w i l l  reduce t h e  hea t  
input  by up t o  20%. 

3 .  Impact on C a p i t a l  Costs  

It can be  seen from i t e m  2 above t h a t  a  specific: m i l l  must be s tud ied  i n  
order  t o  determine l i m i t a t i o n s  imposed on t o t a l  m i l l  production. Af te r  
eva lua t ing  t h e  capac i ty  l i m i t a t i o n s  of each major product ion system, 
t h e  c a p i t a l  c o s t s  of overcoming t h e  l i m i t a t i o n s  can be  considered.  

A .  Woodlands must be reviewed and a  determinaty-on must be made concerning 
long term s u s t a i n a b l e  y i e l d  and c o s t s  of ha rves t ing  the  a d d i t i o n a l  wood 
requi red .  

B. Wood processing capac i ty  can  genera l ly  be increased incremental ly .  

C .  A m i l l  wi th  ba tch  d i g e s t e r s  can be increased i n  s i z e  by increments,  
however, a  continuous cooking system w i l l  r e q u i r e  a  more c a r e f u l  s tudy.  
Evaporator systems can usua l ly  be increased by increments. The l i q u o r  
prepara t ion  system c o n s i s t s  of many components. Capacity can  o f t e n  be 
increased by adding components and making design changes o r  by accept ing  
lower e f f i c i e n c y .  A brown s tock  c e n t r i f u g a l  c leaning  system may be  
added, however, a d d i t i o n a l  th ickening  capac i ty  may a l s o  be needed. 

D. Recovery Boi le r .  Af t e r  determinat ion has been made of t h e  increased  
l i q u o r  flow a n t i c i p a t e d ,  t h i s  u n i t  must be evaluated f o r  maximum l i q u o r  
i n c i n e r a t i o n  and steam genera t ing  c a p a b i l i t i e s .  I f  t h e  u n i t  was con- 
s e r v a t i v e l y  designed f o r  t h e  o r i g i n a l  condi t ions ,  it may b e  poss ib l e  t o  
f i r e  t h e  a d d i t i o n a l  l i q u o r ,  generate  more steam, and s t i l l  meet t h e  
app l i cab le  codes. I f  t h e  u n i t  is  ope ra t ing  a t  o r  near its ra t ed  
capac i ty ,  i t  w i l l  no t  be poss ib l e  to  genera te  an:y more steam. The 
a d d i t i o n a l  l i q u o r ,  however, nlay be f i r e d  using the  furnace  a s  a  smel te r  
furnace.  This w i l l  r e s u l t  i n  a  d i scharge  of inc:ceased p a r t i c u l a t e  mat te r  
and w i l l  r e q u i r e  t h e  a d d i t i o n  of a  new e l e c t r o s t i i t i c  p rec ipa to r  ope ra t ing  in  
series wi th  e x i s t i n g  equipment, o r  a scrubber .  I n  t h i s  case,  a  b l ack  
l i q u o r  ox ida t ion  system would a l s o  b e  requi red .  

E. Power Boi le r .  The combustion components of t h i s  u n i t  w i l l  be drama- 
t i c a l l y  a f f e c t e d  by t h e  s u b s t i t u t i o n  of wood f o r  f u e l  o i l .  A l a r g e r  
t r a v e l i n g  g r a t e  must be added t o  burn t h e  a d d i t i o n a l  wood. The a d d i t i o n  
of t h i s  g r a t e  could r e s u l t  i n  t h e  fol lowing major changes: 



(1) Change of furnace  s i z e .  To keep steam product ion t h e  same a s  
t h a t  when f i r i n g  o i l ,  a g r a t e  l a r g e r  i n  a r e a  than  t h e  furnace  must be 
i n s t a l l e d .  This  r e q u i r e s  major modi f ica t ions  t o  t h e  furnace  inc ludfng  
replacement of the bottom and f r o n t  w a l l  and enlargement of t h e  s i d e  
wa l l s .  

(2) Change i n  combustion a i r  requirements.  Complete new and l a r g e r  
combustion and o v e r f i r e  a?r  systems must be designed i n  o rde r  t o  burn t h e  
wood. This  would r e s u l t  i n  t h e  i n s t a l l a t i o n  of a  new forced d r a f t  fan .  

Converting from f u e l  o i l  t o  80% wood f o r  f u e l  i nc reases  t h e  problem of 
p a r t i c u l a t e  c o l l e c t i o n  a t  t h e  o u t l e t  of t h e  b o i l e r .  I n v e s t i g a t i o n s  must 
be made t o  determine t h e  b e s t  types  of systems t o  be used.  These could 
c o n s i s t  of mechanical c o l l e c t o r s ,  sc rubbers ,  e l e c t r o s t a t i c  p r e c i p a t o r s ,  
o r  any combination of t he  t h r e e .  The a d d i t i o n  of t h i s  equipment w i l l  
r e q u i r e  t h e  i n s t a l l a t i o n  of a  new induced d r a f t  f an .  

I n  o rde r  t o  burn t h e  a d d i t i o n a l  wood a s  f u e l ,  a  l a r g e r  wood handl ing 
system must be designed and furn ished  t o  convey t h e  wood t o  t h e  furnace  
t o  be burned. An expanded ash  handl ing system must be  designed and 
furn ished  t o  d i spose  of t h e  co l l ec t ed  bottom a s h  and p a r t i c u l a t e  mat te r .  

Conversion t o  80% wood f i r i n g  is a  major p r o j e c t  and would r e q u i r e  a  
lengthy  shutdown of t h e  power b o i l e r .  This  would r e q u i r e  a  temporary 
source  of steam supply,  such a s  a  package b o i l e r ,  dur ing t h e  progress  of 
t h e  work. 

An a l t e r n a t e  and f a r  more c o s t l y  course of a c t i o n  i s  t h e  i n s t a l l a t i o n  of a  
new u n i t  s i zed  f o r  t h e  changed cond i t i ons .  Although modi f ica t ion  t o  t h e  
e x i s t i n g  power b o i l e r  w i l l  b e  expensive, t h e  t o t a l  c o s t  may neve r the l e s s  
be lower than t h a t  f o r  a  new i n s t a l l a t i o n .  

4. Impact on Operat ing Cos ts  

The major impact on ope ra t i ng  c o s t s  would r e s u l t  f.rom t h e  s u b s t i t u t i o n  
of f u e l  wood f o r  f u e l  o i l  i n  t h e  wood f u e l  power b o i l e r .  

The annual ope ra t i ng  c o s t  sav ings  based on t h e  c o s t s  of f u e l  wood and 
f u e l  o i l  e s t a b l i s h e d  prev ious ly  would be  i n  t h e  o rde r  o f :  



Table  5.--Annual s a v i n g s  v e r s u s  annua l  c o s t s  

BLEACHED PULP PRODUCTICiN - Tons/Day 

Assume: 500 T/D B l e a c h e d  P u l p  P i l l  
$ 1 5 , 0 0 0 , 0 0 0  C a p i  t a l  I n v e s t m e n t  r e q - l i r e d  
5  Y e a r  A m o r t i z a t i o n  p e r i o d  

S a v i n g  w o u l d  e q u a l  S1,OOC ,000  a n n u a l l y  f o r  5  y e a r s ,  
t h e n  i n c r e a s e  t o  $4,15O,C00 t h e r e a f t e r .  

438 

BEST AVAILABLE COPY 



* $ 830,000 f o r  a  100 T/D Pulp M i l l  
$1,660,000 f o r  a  200 T/D Pulp M i l l  
$2,490,000 f o r  a  300 T/D Fulp Mi.11 

* Annual sav ings  on f u e l  c o s t s  f o r  wood 
f u e l  b o i l e r  ve r sus  s tandard b o i l e r .  

100 T/D Hardwood M i l l :  

Fuel  O i l  10,292 ga l lday  @ $0.454 g a l  = 
Bark 26.3 T/D byproduct of pulping 

Mixed Tropica l  Hardwood M i l l  w/Wood Fuel:  

Fuel  O i l  1969 ga l lday  @ $0.454/gal = $890/day 
Bark 30 T /D byproduct of pulping $ 2,307lday 
Fuel  Wood 55.3 T / D  @ $ 2 5 . 6 2 1 ~  = $1417/day 

Savings Using Wood Fuel  

The a l t e r n a t i v e  courses  of a c t i o n  a r e :  

A. Inves t  t h e  necessary c a p i t a l  t o  i nc rease  capac i ty  of d e f i c i e n t  
p rocess ing  a r e a s  a s  requi red  t o  match t h e  capac i ty  of  t h e  rest of the.  
m i l l .  

B. Reduce product ion u n t i l  l i m i t i n g  processing a r e a s  can keep up wi th  
m i l l  product ion.  

C. Determine t h e  optimum combination of c a p i t a l  expendi ture  and 
product ion cu r t a i lmen t .  

The optimum course  of a c t i o n  i s  found a t  t h a t  po in t  where p r o f i t  i s  
maximized. 

An example i s  presented i n  t a b l e  5  t o  i n d i c a t e  t h e  annual  c o s t  ve r sus  
annual  sav ings  f o r  va r ious  s i z e  m i l l s .  For examp:Le, i n  a  500 T/D m i l l  
i n  which a  new wood f u e l  b o i l e r  i s  requi red  and t h e  t o t a l  c o s t  f o r  
conversion t o  wood f u e l  i s  $15,000,000 t h e  incremental  sav ings  is  
$1,000,000 annual ly .  This  t a b l e  may a l s o  be used t o  show t h e  r e l a t i v e  
c o s t  ve r sus  sav ings  t o  i n s t a l l  comparable equipment i n  m i l l s  of smaller  
s i z e .  This  t a b l e  shows t h a t  annual  sav ings  exceed annual  c o s t s  (during 
an assumed 5 year  amor t iza t ion  per iod)  f o r  m i l l s  over 225 T /D  capac i ty .  



SUMXARY AND CONCLUSIONS 

The fol lowing genera l  conclusions have been reached: 

1. New 500 T/D Kraf t  Pulp M i l l  

It i s  t echn ica l ly  poss ib l e  t o  harves t  run-of-the-woods t r o p i c a l  hardwoods, 
convert  t h i s  m a t e r i a l  t o  ch ips ,  and manufacture market grades of bleached 
k r a f t  pulp. It is  a l s o  t e c h n i c a l l y  poss ib l e  t o  s u b s t i t u t e  a s u b s t a n t i a l  per- 
centage.of  wood f o r  t h e  o i l  which is  normally used a s  f u e l  f o r  genera t ion  
of process steam and power. 

The f i n a n c i a l  v i a b i l i t y  of t h i s  pulp m i l l  was exmined  on the  b a s i s  of 
t h e  before  t a x  discounted cash flow r e t u r n  on equi ty  and t h e  debt  s e r v i c e  
r a t i o  which could be generated.  The information developed from t h e  
f i n a n c i a l  a n a l y s i s  i n d i c a t e s  t h a t  a t  an investment cos t  of $266,000,000 
a  d i r e c t  manufacturing c o s t  of $213.80/air d ry  me t r i c  ton ,  and cu r ren t  
market p r i c e s  f o r  pulp,  a  nega t ive  r e t u r n  on e q u i t y  would r e s u l t .  
Va r i a t ions  i n  t he  assumptions on investment cos t : ,  manufacturing c o s t ,  
and s a l e s  p r i c e  demonstrate t he  s e n s i t i v i t y  of r e t u r n  on equ i ty  t o  
each of t hese  f a c t o r s .  The s e n s i t i v i t y  t e s t s  i n d i c a t e  t h a t  changes i n  
s e l l i n g  p r i c e  have almost twice t h e  e f f e c t  on t h e  i n t e r n a l  r a t e  of 
r e t u r n  a s  do changes i n  investment or  manufacturing c o s t s .  Accordingly, 
it was learned t h a t  a t  an f.0.b.  m i l l  p r i c e  of $.375/ton t h e  before  t a x  
r e t u r n  on equ i ty  would be marginal ,  a t  $425/ton the before  t a x  r e t u r n  
on equ i ty  would be approximately 82, and a t  $475/ton t h e  before  t a x  
r e t u r n  on equ i ty  would be  12%. 

Clear ly  under present  condi t ions  t h i s  would no t  appear t o  be a  v i a b l e  
p r o j e c t  i f  t he  pulp m i l l  is considered exc lus ive ly  on i t s  own merits. 

Considerat ions which may a l t e r  t he  major conclusions inc lude  the  following: 

Governmental Incent ives .  Most pulp m i l l  p r o j e c t s  i n  developing coun t r i e s  
have been sponsored by o r  a s s i s t e d  by t h e  n a t i o n a l  government of t h a t  
country. The government may c o n t r i b u t e  a  percentage of t h e  t o t a l  
investment c o s t  a s  a  gran t  i n  order  t o  provide an incen t ive  f o r  o the r  
i nves to r s .  The government may pay f o r  genera l  development c o s t s  such a s  
t h e  woodlands and i n f r a s t r u c t u r e ,  o r  provide low i n t e r e s t  l oans ,  t a x  
incen t ives ,  o r  t a r i f f  p ro t ec t ion .  Any one o r  a l l  of t h e  above governmental 
i ncen t ives  may be o f f e red  i n  o rde r  t o  improve the  r e t u r n  on equi ty .  

Spec i f i c  Local Need. I f  t h e  pulp is so ld  i n  1oc:al markets,  t h e  savings on 
shipping charges w i l l  f avorably  a f f e c t  t he  r e t u r n  on equi ty .  

Marketing. A t  p r e sen t ,  t h e r e  is  an oversupply of hardwood k r a f t  pulp 
on t h e  world market. This has caused a  reduct ion  i n  t h e  s a l e s  p r i c e .  
I n d i c a t i o n s  a r e  t h a t ,  wi th  t h e  new hardwood k r a f t  m i l l s  which a r e  
coming i n t o  production, t h e  oversupply w i l l  cont inue  i n  t h e  immediate 
f u t u r e .  However, t he  1990 consumption p ro j ec t ions  f o r  Japan and Western 
Europe show a  p o t e n t i a l  market opportuni ty f o r  hardwood k r a f t  pulp as 
an import. These marketing condi t ions  must be  lollowed c lose ly .  



Employment. This  f a c i l  
While t h e  c a p a b i l i t y  i s  
indus t ry ,  t h e r e  w i l l  be 

i t y  w i l l  provide d i r e c t  employment f o r  1340 people.  
being developed i n  a t e c h n i c a l  chemical p rocess  
a  need f o r  975 people who may be t o t a l l y  unsk i l l ed .  

In-house information from s t u d i e s  conducted i n  o t h e r  developing c o u n t r i e s  
has  shown t h a t  a  major i n d u s t r i a l  complex can suppor t  a  populat ion approxi- 
mately 15  t i m e s  t h e  number of  people d i r e c t l y  employed. This  employment 
m u l t i p l i e r  e f f e c t  a r i s e s  from t h e  need f o r  goods and s e r v i c e s  t o  t h e  
f a c i l i t y  and i t s  employees. 

Economy. This  s tudy i s  l i m i t e d  t o  f i n a n c i a l  a n a l y s i s  of t h e  pulp m f l l  
a s  i t  would apply t o  p r i v a t e  i nves to r s .  By ana lyz ing  t h e  s o c i a l  oppor- 
t u n i t y  c o s t s  of l a b o r ,  c a p i t a l ,  and fo re ign  exchange components, i t  
would be  p o s s i b l e  t o  determine t h e  p o t e n t i a l  b e n e f i t s  t o  t h e  country a s  
whole. A n  economic a n a l y s i s  i s ,  t he re fo re ,  recommended. 

S i ze  of Pulp M i l l .  Experience from o t h e r  s t u d i e s  i n d i c a t e s  t h a t  a  
700 T/D pulp m i l l  i s  c l o s e r  t o  an  optimum s i z e .  Revenues would be 40X 
g r e a t e r ,  while  t h e  t o t a l  investment .would on ly  rise by approximately 22%. 

2. I m ~ a c t  on an E x i s t i n e  P u l ~  M i l l  

The u se  of mixed t r o p i c a l  hardwood f o r  pulp wood and t h e  s u b s t i t u t i o n  
of wood f o r  o i l  a s  f u e l ,  i n  a  steam genera t ing  b o i l e r ,  r e q u i r e s  no new 
technology. The f i n a n c i a l  j u s t i f i c a t i o n  f o r  conversion of a n  e x i s t i n g  
k r a f t  pulp m i l l ,  however, w i l l  vary  f o r  each s p e c i f i c  m i l l  and l o c a t i o n .  

The f i r s t  requirement is  t o  analyze t h e  investment c o s t s  necessary t o  
maintain product ion a t  t h e  e x i s t i n g  l e v e l .  C h a r a c t e r i s t i c s  of MTHW a r e  
such t h a t  more product ive  capac i ty  w i l l  gene ra l l y  be requi red  than f o r  
temperate zone hardwoods f o r  t h e  wood process ing ,  pulp d i g e s t i n g ,  
l i q u o r  evapora t ion ,  recovery b o i l e r ,  and l i q u o r  p repa ra t i on  systems. A 
b o i l e r  designed f o r  mixed f u e l  (hog f u e l  and o i l )  w i l l  be less e f f i c i e n t  
when us ing  l a r g e r  percentages  of f u e l  wood. Each processing a r e a  must, 
t h e r e f o r e ,  be s tud i ed  t o  determine t h e  c o s t  t o  o b t a i n  t h e  o r i g i n a l  
product ion when us ing  t h e  new pulp wood. 

The p o t e n t i a l  sav ings  should then be ca l cu l a t ed  based upon t h e  c o s t  
d i f f e r e n c e s  f o r  mixed t r o p i c a l  pulpwood ve r sus  p re sen t  pulpwood and f u e l  
wood ve r sus  f u e l  o i l .  The c o s t  of each of t h e s e  components w i l l  be  h igh ly  
dependent upon t h e  s p e c i f i c  l oca t ion  s e l e c t e d .  

S ince  op t imiza t ion  of p r o f i t s  i s  one goa l ,  t h e  information developed can 
be used t o  determine t h e  p r o f i t  a t  which b e n e f i t s  from t h e  use of MTHW 
f o r  pulp and f u e l  a r e  g r e a t e s t .  The most l i k e l y  product ion l i m i t i n g  
u n i t  w i l l  be t h e  power b o i l e r .  The example presented shows t h e  cos t  
sav ings  r e s u l t i n g  from t h e  u se  of wood a s  f u e l  and, by comparing t h e s e  
sav ings  t o  t h e  c a p i t a l  c o s t  of a  new wood f u e l  b o i l e r ,  i n d i c a t e s  t h e  
a t t r a c t i v e n e s s  of t h i s  investment.  Under presen t  market cond i t i ons ,  it 
may be d e s i r a b l e  t o  accept  some reduc t ion  i n  product ion t o  o b t a i n  t h e  
sav ings  from t h e  use of f u e l  wood. 
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