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Summary 

H a r v e s t i n g  n a t u r a l  medi ter ranean- type ecosystems as a managemental p o l i c y  t o  
p r o v i d e  energy and o r g a n i c s  and a t  t h e  same t i m e  face t h e  f i r e  problem demands 
f i r s t  answer t o  ques t ions  d e a l i n g  w i t h  i t s  e c o l o g i c a l  soundness. I t  was found 
t h a t  t h e  system recovers  ve ry  w e l l  a f t e r  h a r v e s t i n g ,  i n  a s i m i l a r  way t o  that 
a f t e r  a f i r e  w i t h  a s i g n i f i c a n t l y  inc reased  n e t  p r o d u c t i v i t y .  The losses o f  
n u t r i e n t s  due t o  biomass removal a r e  compensated i n  a ten-year p e r i o d  when 
n i t r o g e n  i s  concerned, whereas t h e  same i s  n o t  v a l i d  f o r  phosphorus. Because 
of t h e  herbaceous bloom i n  t h e  f i r s t  pos t -harves t ing  y e a r s  and the  resprout- 
i n g  behaviour  of t h e  woody p l a n t s  t h e  s o i l  subsystem con t inues  t o  be re-  
p l e n i s h e d  i n  carbon and energy. The d i v e r s i t y  o f  t h e  system inc reases  and 
new h a b i t a t s  and n iches  a re  created.  I t  i s  concluded t h a t  such a management- 
a l  p o l i c y  i s  b o t h  p r o f i t a b l e  and e c o l o g i c a l l y  sound. 



1.1 In t roduc t i on  
I t  seems t h a t  energy from biomass is not the  panacea f o r  so lv ing  energy 

and environmental  orahlems. Without anv doubt. u t i l i z a t i o n  of  a o r i c u l t u r a l  > 

and animal r e s i dues  f o r  energy production may be used t o  some degree t o  f a ce  
t h e  energy and environmental c r i s i s ;  on t h e  o ther  hand proposa ls  dea l ing  
with energy c rops  a s  wel l  a s  with c u l t i v a t i o n  of "marginal" lands are not  
f r e e  of e ~ o l o g i c a l  problems. Refer r ing  t o  energy c rops ,  t h e  ques t ions  
a r i s i n g  concern competi t ion f o r  a g r i c u l t u r a l  land,  and a l l  t h e  problems 
r e l a t i n g  t o  conversion of n a t u r a l  t o  man-made f r a g i l e  systems such a s  t h e  
need and impacts o f  p e s t i c i d e s ,  i n s e c t i c i d e s  and f e r t i l i z e r s  use. On t h e  
o ther  hand u t i l i z a t i o n  of marginal l ands  f o r  t h e  c u l t i v a t i o n  of spec i e s  
, l i k e  jo joba  and guayule (1)  is  not nece s sa r i l y  acceptab le  from t h e  ecologic-  
a l  po in t  of view. The word "marginal" has any sense  only from t h e  economic 
point  of view s i n c e  such l ands ,  mainly i n  t h e  semi-acid reg ions  of the  
world a r e  o f t en  very important  because they r ep re sen t  an i nva luab l e  pool of 
ge ne t i c  information.  

Despite  t h e  above mnt ioned  shortcomings of biomass u t i l i z a t i o n ,  w e  
be l i e ve  t h a t  t h e r e  could be found s o l u t i o n s  eco log i ca l l y  sound. Natural  eco- 
systems have t h e  advantages of covering extended a r ea s  of  t h e  Ear th  being 
highly r e s i l i e n t  a t  t h e  same t ime,  a b l e  t o  absorb per turba t ions .  By follow- 
ing ba s i c  e co log i ca l  theory t h e  l i m i t s  of t h e i r  r e s i l i e n c e  could be es t imated ,  
and i f  s o  we could f u r t h e r  proceed t o  a  p r o f i t a b l e  e x p l o i t a t i o n  without 
degradation. 

On t h a t  b a s i s  we s t a r t e d  t-his p ro j ec t ;  systems proposed f o r  exp lo j t a t i on  
a re  t h e  mediterranean-type ecosystems or Greece (2 ,  3 ,  4 ) .  These systems a r e  
a t tacked  by f requent  f i r e s  with r e s u l t i n g  l o s s  of valuable energy and oryan- 
i c s .  Since they a r e  adapted t o  regenera te  a f t e r  f i r e  the  ba s i c  i dea  of t h i s  
p ro j e c t  l i e s  t o  t h e  p o s s i b i l i t y  of f i r e  s u b s t i t u t i o n  by harves t ing .  I f  so ,  
f i r e  hazards a r e  minimized while energy and organics  a r e  gained and explo i ted .  

The ques t i ons  formulat ing t h e  research  ske l e ton  are:  
- can harves t ing  s u b s t i t u t e  f i r e ?  
- which p l a n t s  can recover? 
- is t h e  sy s t em ' s  d i v e r s i t y  maintained? 
- is f e r t i l i z a t i o n  necessary i n  consequence of n u t r i e n t s  removal by 

harves t ing?  

1.2 Recovery a f t e r  ha rve s t i nq  
F igure  1 con t a in s  da t a  represen t ing  t h e  recovery of  dominant p l a n t s  

a f t e r  harvest ing.  Diagrams A ,  B and C concern ha rve s t i ngs  i n  s p r i n g ,  summer 
and winter .  I n  a l l  c a se s  woody p l a n t s  recover  q u i t e  well.  Of cou r se  dur ing  
t h e  stress per iod  (summer) t h e  recovery mechanism does no t  func t ion  but  
a f t e r  t h e  f i r s t  autumn r a i n s  i t  s t a r t s  again and r e s u l t s  taken remind t h e  
data from mediterranean-type ecosysLems recovery a f t e r  f i r e  ( 5 ,  6 ) .  We must 
a l s o  po in t  ou t  t h a t  even herbaceous p l an t s ,  absent  i n  t h e  maquis system 
before harves t ing  a r e  presen t  af terwards.  

As w e  s t a t e d  i n  the  l a s t  r epo r t  (7) we chose an a r e a  c l e a r ed  i n  t h e  
pas t  from t h e  National  E l e c t r i c  Corporat ion fo r  i n s t a l l a t i o n  of high vol tage  
l i ne s .  We have a l r eady  mentioned t h a t  recovering o f  t he se  systems is  q u i t e  
s a t i s f a c t o r y .  These a r e a s  were harves ted  18 and 8 yea r s  ago and we proceeded 
to  a  new ha rves t i ng  two y e a r s  ago.Data presented i n  Figure l -Diagram D- 
show t h a t  t h e  dominant p l a n t s  recover  i n  a  way resembling t h a t  of s tands  
harvested i n  the  p a s t  i n  terms of  spec i e s  composition and quant i ty  of p l a n t  
production. Another po in t  of i n t e r e s t  is t h e  f a c t  t h a t  no t  only woody p l a n t s  
but a l s o  many o t h e r s  such a s  herbaceous and geophytes, coming always a f t e r  
f i r e ,  appear a s  w e l l  (F igure  2) .  Among t h e  geophytes Asphodelus microcarpus 
dominates. Therefore,  i t  i s  obvious t h a t  t he se  systems r e a c t  very p o s i t i v e l y  
a f t e r  harves t ing  without any s i gn  of degradat ion.  



B I O V O L U M  E  H E I G H T  

M O N T H S  A F T E R  H A R V E S T I N O  

I I I P h i l l y r e a  media 5 5 5  Olea sp. 

000 Quercus c o c c i f e r a  Calicotome v i l l o s a  

t t t  E r i c a  a rborea  V V  Arbutus unedo 

F igure  1. Recovery o f  dominant maquis s h r u b s  a f t e r  h a r v e s t i n g  i n  d i f f e r e n t  
seasons  ( A ,  Spring; 8 ,  Summer; C ,  Autumn) is very quick. Sam is 
t r u e  (D) a f t e r  t h e  success ive  h a r v e s t i n g  before  1 8 ,  8:and 2 years .  



Figure  2. [ h i s  photo shows one year  recovery o f  a h a r v e s t e d  sysiern. 

Before  p roceed , ing . to  e x p l o i t a t i o n  of maquis ecosystems more d a t a  a r e  
r e q u i r e d  d e r i v i n g  from o t h e r  t y p i c a l  a r e a s ,  a s  w e l l .  For t h i s  r eason  ure 
s t a r t e d  exper imenta l  h a r v e s t i n g 5  i n  Mt. P e l i o n .  In  t h a t  a r e a  h a r v e s t i n q s  
have been c a r r i e d  on by t h e  l o c a l  popu la t ion  every  15-20 y e a r s  p r o v i d i n g  
t h e r e f o r e  means of  comparison. The s p e c i e s  composi t ion o f  rnaquis sys tems  
be fore  h a r v e s t i n g  c o n s i s t s  of  evergreen  s c l e r o p h y l l o u s  s h r u b s  l i k e  Arbutus  
uneda,  Quercus coccifera, Quercus ilex, Erica arborea, Phillyrea media  
spar t iurn junceurn e t c .  Though t h e  s p e c i e s  composi t ion o f  a l l  t h e  h a r v e s t e d  
a r e a s  was no t  i d e n t i c a 1 , r e c o v e r y  was observed i n  a l l  c a s e s ,  and t h e  produc- 
t i v i t y  a t t a i n e d  d u r i n g  t h e  f i r s t  y e a r  was more th&n 1 4  tons .ha- l .  

1.3 P r o d u c t i v i t y  c h a r a c t e r i s t i c s  
When a maquis system is aged more t h a t  20 y e a r s ,  t h e  number of  t h e  

component s p e c i e s  is r e l a t i v e l y  low. A s t r i k i n g  f e a t u r e  is t h e  absence  of  
herbaceous p l a n t s  below t h e  sh rub  canopy ( F i g u r e  3 ) .  The biomass of  t h e  sys -  
tem remains  a lmos t  unchanged and a l l  p h o t o s y n t h e t i c  p roduc t ion  is  d i r e c t e d  
t o  main ta in ing  t h e  b i o l o g i c a l  a c t i v i t y .  A f t e r  h a r v e s t i n g  p r o d u c t i v i t y  is 
very high.  I f  we compare t h e  green t o  t h e  non-green aboveground biomass i n  
M t .  P e l i a n ,  one y e a r  a f t e r  h a r v e s t i n g ,  t h e  r a t i o  is 1:l whi le  b e f o r e  it was 
1:20. I t  is obvious t h a t  through h a r v e s t i n g  maquis sys tems  a r e  brought  back 
t o  t h e  e a r l y  s u c c e s s i o n a l  s t a g e s  what means s e r i o u s  i n c r e a s e  of  n e t  produc- 
t i v i t y .  The t h e o r e t i c a l  model we p r e s e n t e d  l a s t  y e a r  on maquis p r o d u c t i v i t y  
(7)  seems t o  be v a l i d  under f i e l d  c o n d i t i o n s .  

1.4 N u t r i e n t  l o s s e s  
I t  was s t a t e d  i n  t h e  l a s t  r e p o r t  t h a t  c a r e f u l 1  e s t i m a t i o n  of  n u t r i e n t  

l o s s e s  due t o  biomass removal wi th  h a r v e s t i n g  shou ld  be e l a b o r a t e d .  A t  l e a s t  
100 kg.ha-1 o f  n i t r o g e n  and 10  kg.ha-1 o f  phosphorus  a r e  removed and must 
e n t e r  t h e  system d u r i n g  t h e  nex t  t e n  y e a r s  b e f o r e  a  new h a r v e s t i n g  t o  keep 
balance. 

For t h i s  r eason  i n  1982 we i n s t a l l e d  r a i n g a u g e s  i n  S t a v r o s  exper imenta l  
s i t e ,  from which we c o l l e c t e d  t h e  r a i n  water  i n  o r d e r  t o  e s t i m a t e  t h e  
q u a n t i t i e s  o f  n u t r i e n t s  e n t e r i n g  i n  t h e  system through p r e c i p i t a t i o n .  In  a  
one y e a r  p e r i o d  (1982-1983) 5 kg.ha-l n i t r o g e n  have e n t e r e d  i n  t h e  system; 



Figure 3. Unharvested rnaquis aged a t  l e a s t  33 y e a r s  a r e  almost rnee from her- 
baceous vege ta t ion .  This  system i s  wai t ing  f o r  t h e  next f i r e  while  
t h e  biomass is  almost s t a b l e .  

consequently we can p r e d i c t  t h a t  h a l f  of t h e  q u a n t i t y  removed by harves t ing  
w i l l  be back i n  a ten-year  per iod .  

A t  t h e  same t ime,  s i n c e  t h e  presence of Pap i l ionaceae  s p e c i e s  t h e  f i r s t  
pos t -harves t ing  year  was g r e a t  enough, we t r i e d  t o  e s t i m a t e  t h e  q u a n t i t y  
e n t e r i n g  t h e  system a s  a  r e s u l t  of a tmospheric  n i t r ~ g e n  f i x a t i o n  by b a c t e r i a l  
nodules  i n  t h e i r  r o o t s .  According t o  our  d a t a  3.2 and 0.7 g . K 2  a r e  f ixed  
t h e  f i r s t  and second year ,  r e s p e c t i v e l y .  I f  t h e s e  v a l u e s  a r e  added t o  those  
r e f e r r i n g  t o  p r e c i p i t a t i o n  i t  can be e a s i l y  seen t h a t  more than  80% of  t h e  
removed n i t r o g e n  comes back i n  a  ten-year  period.  I f  we f u r t h e r  inc lude  
v a l u e s  of n i t rogen  f i x a t i o n  by woody shrubs  such a s  Spartiurn junceum and 
Calicotome v i l l o s a ,  occur r ing  i n  high number a f t e r  h a r v e s t i n g ,  we might 
e v e n t u a l l y  conclude t h a t  t h e r e  w i l l  be no problem of  n i t r o g e n  s h o r t a g e  
d e r i v i n g  from t h i s  type  of management. 

Concerning with phosphorus t h e  s i t u a t i o n  is not  s o  promising a s  with 
n i t r o g e n .  From a  q u a n t i t y  of about  1 0  kg.ha-l removed, only 0.3 kg.ha-I 
came back through p r e c i p i t a t i o n  i n  t h e  f i r s t  year  (1982-1983). That means 
t h a t  with r o t a t i n g  h a r v e s t i n g  every t e n  y e a r s  only 3076 of phosphorus re tu rns  
through p r e c i p i t a t i o n .  I f  we cons ider  a l s o  t h a t  our  s o i l s  a r e  somewhat poor 
i n  t h i s  element it seems t h a t  f e r t i l i z a t i o n  with phosphorus w i l l  be needed. 
More d a t a  should be c o l l e c t e d  i n  t h e  near  f u t u r e  i n  t h i s  matter .  

1.5 S o i l  metabolism 
Since  t h e  energy and/or carbon o f f e r  t o  t h e  s o i l  subsystem might be 

s e r i o u s l y  decreased because of t h e  removal of t h e  above ground biomass i t  
was po in ted  o u t  i n  our  l a s t  r e p o r t  t h e  need t o  e s t i m a t e  l i t t e r  f a l l .  I t  
seems a f t e r  a l l  t h a t  such a  problem does no t  e x i s t .  The bloom of herbaceous 
p l a n t s  appear ing  during t h e  f i r s t  two y e a r s  a f t e r  h a r v e s t i n g  and t h e  re -  
s p r o u t i n g  s h r u b s  l i k e  Arbutus  unedo, E r i c a  a rborea ,  C i s t u s  sp. ,  Calicotome 
v i l l o s a  e t c . ,  p rov ide  enough m a t e r i a l  r e p l e n i s h i n g  t h e  s o i l .  

1.6 General remarks 
Looking t o  t h e  harvested systems we can conclude t h a t  rnaquis systems do 

not  s u f f e r  from t h i s  kind of management. On t h e  c o n t r a r y ,  they  show an act ive 



succession,  and t h e  number of p l a n t  spec i e s  a f t e r  harves t ing  is r e l a t i v e l y  
high. During t h e  sp r i ng  of  1982 and 1983 herbaceous p l a n t s  were i n  f u l l  
bloom. The peak co inc ides  with increased  numbers of  i n s e c t s ,  which is reason- 
a b l e  since many of  t he se  p l a n t s  a r e  i n s e c t  po l l i na t ed .  I t  means t h a t  by t h i s  
kind of  management we make a complex environment where d ive r s e  organisms 
have t h e  chance t o  f i n d  h a b i t a t s  and niches (F igure  4) .  

Figure 4. Harvested maquls, from t h e  Natlorial t l e c t r l c  CorporaLlon, 8 and 
18  years  ago, are recovering very well  s l nce  not  only a l l  t h e  
p l a n t s  a r e  coming back but  a l s o  b i r d s  are present .  

I t  should be a l s o  t a k e n  i n t o  account t h a t  by such a managemental po l icy  
there  i s  no flammable ma te r i a l  i n  the  system and t he r e fo r e  t h e r e  is no more 
any need f a r  expences f o r  p ro t ec t i on  from f i r e .  According t o  our  c a l c u l a t i o n s  
the  biomass a v a i l a b l e  f o r  exp lo i t a t i on  is  high enough and t h e  combination of 
a l l  e s t ima t i ons  and r e s u l t s  make u s  propose t h i s  s o r t  of n a t u r a l  systems 
e xp lo i t a t i on  which does not  harm them but on t h e  cont ra ry  e f f i c i e n t l y  p r o t e c t s  
them. 
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