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of plants depends on to fix from the This in 
limited by the  ability  to supply suggests that 
the  plant species which  have  evolved at adapted  to utilizimg in 
the habitat in am efficient The developmemt of efficient in a plant  species involves 
modification of physiological function being 

specifically, in canopy index, or 
amount of and invested in explain in 

investment to 
tion costs involved  in maintaining  the supply These with examples based 
on of the of Quercus 
coccifera. 

de las  plantas depende de su de Ea 
que a su vez, se ve de y a los fijación. 

evidencia sugiete que las especies  de plantas que han evolucionado en emplazamientos 
10s recursos disponibles en ese hibitnt de eficaz. El 

del uso en  una especie implica  la modificación  de la función fisiológica y de 
de la planta,  estando  esta Ïiltima a del carbono. en detalle, 

en  niveles potenciales  netos  de fotosímtesis, de la bóveda indice o 
y en tallos y p a ~ a  explica las 

en la adquisici6m  de es 
ponsable de los costos mis elevados de implicados en el mantenimiento  de 'los 

Estos están con ejemplqs basados en conocimiento actual del 
ceso de del Qrse.ckus eocc~em. 
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within a biological  system 
is by the efficiency with which  the 
system is This  depends 
on the state  and in time and 
space of 
tissues  must be sufficiently be supplied 
with and  must efficiently 

evidence  indi- 
cates of a given 
habitat is by the available 

1983). This 
has lead of 
and of plants  which 

efficient supply of to 
tissues. The  supply 

The tissues involved in supply  functions 
consume  an of 

.and 
a  limitation ori the level  of 
be achieved.  Whil, in 
habitat  can  change as in plant 

1975), of vege- 
tation in of is 

1971; 1977; 

Gulmon, 1983). 

We may of magni- 
by 

of systems  which 
with 

well supplied system is 
that of phytoplankton  populations in coastal 

supplied by 

50 to 60 kg C et 
al., 1983). 

yet 
field, 

example, is effective in 
Since  this is a C, species, CO, of the 
enzymatic capacity COz fixation is achieved 
with light 
within the 

Van 
tion)  estimated net of  325 to 
375 kg C subsidized heavily 
in of and high  levels  of 

made by 
Loomis  (1983).  who  also  suggests 

limits on possible 
to 

and physiological given 

R 

. .  . 

the in 

we 
we find  that  natu- 

species have allow  them 
to effectively 

ment  to these 
1973, 1974; et al., 1982). 

len (1975), 
lization of annuals in the  Negev 

in 
ed with in the same 

species, ability 
ability to utilize 

in 
been  lost . 

1980). 

The 
tics of 
habitats in and 
those  occupying  late  successional  habitats  have 

by 
(1983). 

maintenance of is 
is also  high; but 

ces and 
vity in the  absence of 
mentation is low. Such  systems  can  be  sustained 
only with input. 

the vegetation 
on and 
cycling of in an efficient  long 

communities,  which we 
below, we find  low high 
allocation  to stems low 

establishment 
in high  long (see 

Figs. and 5 of 1983). 

we have  investigated  the  eco- 
physiology of Quercus 
coccifera, in 

(see Tenhunen et al., 
1981). The intent of these  studies  is to 

affecting 
of 
cycles,  and especially of 

of 
adaptive  function is most  likely 

of 
intensively 

the  past two  decades (see 
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ey, 1973; 1977; 1981; et 
al., 1983) but it is to say that detailed 

influencing 
these 

species.  We will 

which  affect in Quercus coc- 
cifera stands  and will 
ments  to  a 
on 

The physiological  basis of 
tion has been discussed by we 

small of 
to this  vast 

and  Gulmon 1979, 1983; Schulze 1982; 
and 1983; Ledig, 1969; et 
al., 1980; 1983; Jones et al., 
1983; Loomis, 1983). affecting 
tion of discussed in 

by 
(1981). the  scope of the 

we suggest 
be in to  that  shown 
in Table 1. that net gain on 
a whole plant basis  supplies 

Table Schematic representation factors determining  short-term  net  carbon  fixation and contibuting 
to  production. 

discussion 

T 
Units 

definition 

dt X CAN X X 

in  pmol  m-* S-' 

potential  photosyn- 

by one . 

in  text and evaluated: 
1) with no 

2) 
and 

level 

in: 
1)  
2) 
and by developmental 
effects due to: 
1) 
2) canopy  position 
3) leaf  age 

R 

between 
O and 1 

canopy  effective- 
ness which 
depends on idealized 

to: 
1) sun and shade  light 
2) 
3) conductance and lea: 

influenced  by: 
1)  leaf  size 
2) leaf  angle 
3) leaf  spatial 

4) light  intensity 
and angle  of 
incident  beam on 
canopy 

5) 
6) 
7) leaf  conductance 
8) 

~ 

m2 
m2 soil 

leaf 

3ffected  by 
:anopy  deve- 
!opment,  new 
!eaf 
md leaf  fall 

between 
O and 1 

which 

involved  in maintaining 

1)  light  supply 
2) 
3) 

due to 

stem biomass  would 

to demand 

and 
in  some  cases  with  deve- 
lopment of specialized 

(Lamont, 1983) 
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Figure 1. of internal COz pressure for  leaves  of  a  non-water- 
stressed plant in the  natural  habitat in TL = 20 O 

AW = 17 mbar  bar-',  and = 1500 mot' S-'. The  initial slope and CO, saturated 
rate are important  parameters defining the response curve. 

36 

an excess which is then  used 
to 
pool).  The  gain of to the  pool 

is by 

and 
costs  involved in 
i.e. of and 
leaves, as well in 

of these is 
simultaneously  affected by 
is the genetically 
tential  of  the leaves as  modified 

is a 
canopy effectiveness which 
actual in of the 
leaves 
status.  and  stomata1  conductance of  these  leaves, 
and is the leaf 

of 

by by 
is, 

by in the esti- 
mation of CAN.  These  actual well 

of total leaf expe- 
a must  be evaluat- 

to a of CAN.  Only  to illus- 
of 

to 
we defined in Table 1. 

leaf mesophyll by 
is a 

simple  fashion.  The  quantity, is 
of  fixed 

on  the  amount of standing  biomass 
involved in and secondly on the 

of this 
maintain  the  status  quo of the system. 

is estimated  to  have a value  between O and 
l ,  

exceed 

in by 
and be 

Quereus coccifera 

I 

lob0 
I I 

1500 2000 

Air Space Pressure, pbar  . .I 

IAMZ-841 
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ed in an of 
of synthesize new 
biomass  and  changes in pool size 

in discussion (see in 
1981, 

1974). To se much 

ed.  The  equation in Table  1 is 
and is use in calculations. 

Net  photosynthetic  potential 

leaves  of a well in a  habitat 
with level  of 

may be a  function of light  intensity, 
leaf leaf space CO, 

Such  a  mathematical  model 
of net  photosynthesis  may be used to calculate 

individual leaves (Tenhunen et  al., 1980a,  b), 
when solved using actual values 

of light  intensity, to which 
the leaves exposed. The  potential  photo- 
synthetic  function of leaf is 
stood well, of net  photo- 
synthesis combinations 
of constant  light  intensity  and  constant leaf 

is A di- 
oxide of net photosynthesis  obtain- 
ed in leaves of a Quercus 
coccifera 

is shown in Fig. 1. 
was 20 "C, diffe- 

leaf AW, was 
mately 17 light  intensity was 

(1500  pmol-2 S-' photosynthetically 
active - see Tenhu- 
nen et al., 1984). 
of the CO2 in the 

CO, of net  photosynthesis, 
'as a  limitation  set 

by of of CO, is 
indicated  as  the  photosynthetic  capacity 

Figure 2. leaves a non-water- stressed plant expressed 
in terms carboxylation  efficiency and photosynthetic  capacity Symbols indi- 
cate  determinations  at  saturating  light  and  between 5 and 28 " C. 
ed in the  natural  habitat 

Quercus  coccif  era 

o. 100 

0.025 

O 

I I I I 

. . .  . . . . .  . .  - 

I I I I 
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Figure 3. a  variety of C, species as  evaluated from their CO2 response  curves 
(see 2). Species  names letter  abbreviationsand  the  literature  sources  are in Table 
2. Dashed  line is f o r  as shown Fig. 2. Symbols f o r  as 
shown in Fig. 2. (GO indicate  measurements  at  different  tempera- 
tures  (Harley et  al., 1984) and symbols f o r  (La)  measurements  at  different 
stages of et al., 1977) as described in the  text. 

0.2 5 

0.20 

- 
ô 

7 0.15 

E 

UI 

- 
O 

0.10 
W 
V 

- 

0.05 

l I I 

- - - - - - average response 

Quercus coccifera 

0 

The  initial  slope of at light 
efficiency (CE), is 

but  also  by a wall and liquid 
and Glide- 

well, 1981; Evans, 1983) which has  been  little 
studied to  date. 

Quercus  coccifera, the potential  photosyn- 
thetic  function is given in of pho- 
tosynthetic  capacity and efficiency 
in Fig. 2 

between 5 "C  and 28 O C  with 
light and 

As was indicated in Table 1, potential  photo- 
synthesis is modified well 

' a s  seasonal  changes in light  intensity and tempe- 
in 

plants,  seasonal  modification in 
to below 28 "C may  be visualized 
as a  shift along  the  dashed line shown in the 

and 

CE. 28 OC, change in 
P,alurau,,n and CE 

along  the  dashed  line  shown  but  such  that 
P,,t,,,ti,,, and CE. 

is 
then exceeded and of 'gas 

(see below). indicate  that 
to involves a  shift 

along  the  same line. this  case the  magnitude 
of and  CE achieved 

C, 
species, including Quercus  coccifera, is 
ed  in Fig. 3. The  dashed  line  shown Quercus 
coccifera is the  same as  that indicated in Fig. 2 
and of 
ed by leaves of  well 
as solid in 
CO, in the lite- 

of 

R 

' 

lAMZ-84/ 
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Table 2. Abbreviations  used f o r  plant species names in Fig. 3 and  literature source. 

Symbol 

Ab 
Am 
Ac 
Ag 
Cm 
Cs 

Eu 
G1 
La 
Lu 

so 

Vb 
Vf 

Species 

Abronia  maritima 
Ambrosia  chamissonis 
Atriplex californica 
Atriplex glabriuscula 
Cakile  maritima 
Cistus salvifolius 
Datura  meteloides 

Glycine max 
Larrea divaricata . 
Lupinus sparsljlorus 

sitchensis 
Solanum  tuberosum 
Spinacia  oleracea 
Viola blanda 
Viola fimbriatula 

The 
CO, 
ing  light  intensity. Names of species indicated 

in Fig.  3  and 
given in Table 2. species 

such as Glycine max (symbol G1) exhibit both 
high  values and  high  CE values. Scle- 

Quercus  spp., 
len- 

tiscus 
of (see also 1983; 

1983).  As  in the  case of 
Quercus coccifera, between 

and  CE is in Glycine 
max (symbol G1) of leaves of 
well was et al., 
1984) Larrea  divaricata (symbol  La) 

of 
et al., 1977). The in of data 
points with in while possibly 

in 
methods used by 
indicate in photosynthetic  metabolism 
between  species. 
gests  possibly that species  may invest 

less in 
CO, fixation in  capacity 

This possibility and 
it must be investigated 

in a  'hypothetical 
change in CE of leaves  of a 

cycle  is in Fig. 

R 

y 
IAMZ-84/ 

1978a 
1978a 
1978b 

et al., 1975 
1978a 

Tenhunen,  unpublished 
1978 

Tenhunen,  unpublished 
1984 
et al., 1977 

1978 
Tenhunen,  unpublished 

1978 . 
1971 

et al., 1977 
unpublished 

1979 
1979 

The is based  on  data  obtained with 
leaves of Quercus coccifera and Quercus  suber 
and we include quantitative scale. 
Since at light 
of leaves et al., 1979; 
Evans, 1983, 225 p Quer- 
cus suber with 350 - 
Tenhunen et al., 1984), of seasonal 
change in CE allows estimation of the  annual 

of 
Such  an estimate  does include 
shift in the leaf CO, compensation  point.  Shown 
in Fig. values which  might  be 

the 
ligt is , 

midday  (dashed  line).  Since  CE is assessed only 
light  intensities, we have  defined a 

called 
CO, fixation, valid of 
light  limitation  and light 
ginal  CO,  fixation we to  the slope of the 

(see Fig. 1) estimat- 

between 150 and 300 i. e. in the 
to leaf function in 

and with  any constant light  intensity and  tempe- 
in the of Fig. 

seasons 
midday  point of 
12 o'clock, is positioned at  that  point in the  sea- 
son when is expected. 
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Figure 4. Hypothetical  scheme  illustrating change in 
cycle  and in marginal CO2 Jixation on typical clear days during different  seasons 
leaves a conditions. Solid f o r  

light  saturation  is f irst reached in  the  morning;  dashed fo r  
value have  been  inserted so that  the  middle the  day  (indi- 
cated  as o'clock)  is  positioned  at  that  point in the season  when  the  daily time course is 
expected.  The  dashed line time course  during  February  indicates  response to low  temperature. 

25 

.20 

.l 5 

.l o 

.o5 

- a s  A 

---- at  

new leaves Y,,, f m t  fall T,,, old leaves 

.. 

1 l 

1 I 1 

A M J J A S O N D J F M A  

efficiency of leaves is highest in 
CE leaves 

species 
the  value of CE is at  midday when 

exceed 28 "C and  the  daily 
in has  two  optima  (Tenhunen et  al., 

1984). 
tials and in CE. 

28 "C, 

is a single peak.  The 
value  of CE is maximal at midday  when  tempe- 

highest. Levels CE equal  to  those 
found 

CE effects can 

dual CE 
which a new flush of 

and  the leaves 

L 
K IAMZ-8411 
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Figure 5. Specific  leaf  weight and .COz saturated  photosynthesis  rate assessed at 24 c and 
light  saturation) leaves  located  at  different  positions  with  respect  to  canopy  depth.  The  top 
of the  canopy  is  indicated  as O cm were  conducted in Jaauary 1983 at 
Quinta Tao 

200 
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20 

10 
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D 
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The  photosynthetic  potential of ‘leaves is also 
influenced by developmental effects due  to leaf 
age and  due  to  position in 

of leaves of Quercus cocci- 
fera due  to  aging as  leaves 

in of 
potentials in in Quer- 
cus coccifera 

be by change in tem- 
of Field  (1981) 

ed that  age effects  may be in 
species,  especially in 

species with leaf in 
of leaves  of Quercus coccifera due  to 

of is substantial. As 
shown in Fig. 5, specific leaf weight 
with depth in the 
170 g m-’ to 120 g m-* at 30 cm the 

leaves is 
ed  by in  leaf photo- 

light m d  

(CAN) 

of by a  plant 
canopy equals  the  sum of 
of  all  individual  leaves. As discussed  above, 

leaf capacity 
,,,,, i l  ,,,,,,, the  associated value 

light  intensity 
canopy  position. 

which leaf 
photosynthe- 

sis, and  thus the the  CO, 
An estimate of total  canopy CO, 

fixation  may be calculated with the aid of 1) a 
model of  leaf as a  function 
of light intensity, leaf 

leaves at all canopy  depths, 
2) a  model  canopy light 

conditions  to which leaves exposed, and  3) a 
leaf conductance  as  a  function of 

leaf 
humidity,  and leaf leaves at 
all 
seasonal  changes in exam- 
ple,  has been to in 
addition  to  changes in We  have  begun  to 

Quercus coccifera and 
the  types of 

The Quercus  coccifera canopy  that we have  con- 
is 2.7 in height 

with the leaves  densely  packed  in  the 
São 

leaves of Quercus cocci- 
fera size of most 
leaves in 
between and 7 leaves 

and  a few leaves 
at  the  most shaded  canopy level. Leaf index 
is of leaf 

to  canopy  depth is shown in 
Fig. 6. the  dense  packing of leaves,  con- 

light 
between 6  and 12  cm 50 % 
of leaves 6 and  9 cm and 
80 % between  9 and 12  cm at  noon  on  a  sunny 

day).  Also  shown in  Fig. 6 is the 
leaf angle in five leaves 

(60 
zontal)  and leaves at  the lowest level 
ed (28 

leaf was 
of Chile  by 

et al. (1981). With to leaf 
angle  and leaf design of 
Quercus  .coccifera is 

of species (Loomis 
1983). 

been used to calculate 
tion of light  intensity 
on  sunlit  and  shaded leaves in canopy 

by 
can et al. (1967, of the 
equations 
cussed  as  case 2 by 1980). Canopy 
photosynthesis is estimated by the 
beam  and diffuse  light  flux  densities in 

the depth of the canopy, 
by calculating  the  light  incident on sunlit and 
shaded leaves 
azimuth angle leaves in each 

and then  evaluating  photosynthesis in each 
as the  sum  of  sunlit and  shaded  photo- 

weighted by 

Fig. 7 the light climate of leaves in the canopy 
is shown as a  sunny day. The 
leaf 
ties of photosynthetically active 
at  two times of day is indicated.  The  two leaf 
classes included in this model, i. e. those which 

ex- 
effects 

have  not yet 
nized of high and 
low  light  intensities. The  simulation  at  9 o’clock 

the  situation  found and late in 
the day, while simulation  at o’clock 

I-K IAMZ-84I I 
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Figure 6. Leaf  ar 
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I 
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Figure 7. Simulated  light  climate of leaves in the  Quercus coccifra canopy  discussed in the  text.  Leaf 
area which is exposed to different  light  intensities 
during the  morning  and  at  midday shown. 
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Figure 8. Daily  time  courses transpiration  rate (Tr), net  photosynthesis  rate leaf  conduct- 
ance (G) measured for leaves of at O, and 20 cm canopy  depth  on a 
clear  winter  day.  Top of the  canopy  is  indicated  as O cm on leaf  microcli- 
mate  is  given in Table 3. were  conducted  at  Quinta São 
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Figure 9. Daily  time courses 
ance (C) measured f o r  leaves of at O, 15 and 25 cm canopy  depth  on  a 
clear day  during  the  summer  drought.  Top  of  the  canopy  is  indicated  as O cm 
tion on leaf  microclimate  is  given in Table 3. were  conducted  at  Quinta São 
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of 
500 

pmol m-’ S-’ light 
while 2.5 in deep  shade which is, 

levels 
of photosynthesis in all leaves. At 11 o’clock, 

the daily maximum with 
0.8 1500 

pmol m-’ S-’ 3.2 
between O and 200 pmol m‘2 S- ’ .  of the 
leaves high 
ed between O and 12 canopy  depth.  The  small 

1000 pmol m-’ S-’ 

of leaf lit 
sun in levels. The leaf 
component of leaf is established 

solution of the leaf 
of 

‘ 

conductance whic . 
function in levels must  be based 
on a of leaf gas  exchange 

dination of leaf leaf 
gas 

exchange  data  often have not been obtained, 
due  to  the technical which 
leaves by leaves and twigs. 

CO2 
some of these  difficulties and  allow us 

to collect the needed Quercus 
coccifera leaves located at 
(O, 10 and 20 

well as 
values of leaf 
shown in 1982, 

which climate of the  canopy 
in of leaves 

at O, 15 and 25 
in Fig. 9: Examination of  Figs.  7 

and  8  indicates  that  due  to  the  amplification 
leaf 

of canopy  photosynthesis 
in twelve 

- 
change  due  to  change in 
the  canopy  and  due  to  change in leaf 

leaf in Table  3  and in 

tions  on  August  3, 1983, maxima in photosyn- 
in both  sun  and  shade 

leaves in 
Although  sun leaves fixed CO, than  shade 
leaves, the sun  and 
shade leaves 

R IAMZ-841 

intensity was only of 
CO, fixa- 

at low  light  intensity and was 
equal in both  sun  and  shade leaves. 

is sea- 
sonal influ:nces on leaf function 
canopy levels and  to  complete  the  submodels 

needed 
to  assess  total  canopy CO2 

a 
son of COz fixation  in 

levels of the  canopy  may  show 
ties between Quercus coccifera 

species (see 
1976). will be of to 

of CO, 
use within the  canopy of Quercus coccifera 

A leaf index of in 

ception by  a plant  canopy.  Such leaf 
ces of 

of 
leaf index can  only 

be attained amounts 
used  (Loeomis, 1983). of photosynthe- 
sis and  the  actual leaf in 

of species 

198 1). 
species 

commonly 
that 

to  the light of 
bon  to leaf 
stages of 

and thus  the  dominance, of a  species  within 
1977; Spit- 

1983; 1981). 

Leaf indices  of Quercus  coccifera 
with 

et al., 1981). 
values  have  been  suggested to at locations 

in is pos- 
sible 1983). 
(1984) of 2.5 
extensive Quercus  coccifera 

value  of  4 
study site suggests an influence of 
the high 
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Table 3. of sun (O cm canopy  depth)  and  shade 
leaves (20-25 cm canopy  depth) on selected days shown inJigures 8 and 9. 

~~ ~ ~ 

31,1982 

sun (O cm) 
shade (20-25 cm) 

sun 
shade 

sun 
shade 

sun 
shade 

sun 
shade 

sun 
shade 

13:45 

1340 
30 

16.9 
16.0 

158 
18 

1.23 
O. 14 

11.9 
0.9 

103 
208 

t $:O0 

1340 
1 O0 

23.6 
21.7 

36 
17 

0.8 
0.38 

3.06 
0.87 

263 
430 

AUG 3,1983 

12:oo 

2000 
200 

36.6 
35.3 

12* 
11 

0.5 
0.44 

- 
- 

- 
- 

* leaves is 5 mmol mF2 S-'. 

of of 
vegetation in 

sites in 
of Quercus coccifera 

found, suggesting that the species may be capa- 
ble of et  al., 
1982) that  might be to the Quereus  ilex 

of 1973; 
et al., 1977). Quercus 

ilex leaf 4.5. 

in 
ability  influence leaf 
logical 1981, 1983). Seasonal 
changes in of type 
have been discussed by (1983). 

that affect in  uni- 
of 

leads to  an in when 
highest. The  two fac- 

in a  maximum in 
and 

of 
of sum- 

18:45 

100 
50 

24.1 
26.1 

15* 
11 

0.24 
0.22. 

0.55 
0.57 

437 
390 

of leaves and 
is 

xylem and Gill, 1980) 
as is in photosynthesis of individual 
leaves of the 

less constant. 

(SUP) 

of - in 
maintenance  and in of 

to as is of the 
cost  involved in the photosynthetic 
system. This cost is in 
species limi- 
tations when plants 

masses of 
such as  wheat, leaf up to 70 % 
of the standing  biomass vegetative 
the as  the  stand develops. 

systems make  up  about 10 9% of the stand- 

R IAMZ-84/ 
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Adenostoma fasciculatum * 
Ceanothus * 

Chile: 

Colliguaya 

gilliesii * 
* 

Utah: 

lanata’ 

leaves 

% of total biomass in: 

14 
9 
8 

11 

15 
21 
15 
6 

4 
2 

stems 

57 
57 
55 
54 

59 
26 
66 
55 

15 
11 

roots 

-- 

29 
34 
37 
35 

26 
53 
19 
39 

81 
87 

l % of annual 
photosynthate  respired 

64 
65 
65 
61 

63 
55 
60 
59 

19 
36 

* Oechel (1981); 

Caldwell et al. (1977). 

et al., 1966; 1975). 
Well of medi- 

may have 5 to 20 % of standing 
biomass in leaves and 20 to 55 % of biomass in 

the case of 
80 % of the standing  biomass  may 

be (Caldwell et al., 
1977). 

of 
mass  maintained by Quercus  coccifera is 

species. Lossaint (1981) estimat- 

ed Quercus 
coccifera in the in 

of two. (1984) 
Quercus 

coccifera of between 4 and 6. The 
tion of in this  case be a  con- 
sequence of 

any leaf mate- 
is in 

amount of A 
of was by 

et al. (1955) species  native 
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of Quercus  dumosa 2.5) and 
by (1977) of 

of Quercus  turbinella of 3.2). 
That  the investment in 

to  the success of Quercus  cocci- 
fera is evidenced by 
and within 'the 

of the 
its deep 

Quercus  cocci- 
fera is dis- 

by man in 

of 
Quercus  coccifera is situated in levels of 
the  canopy  (Table 5). 
canopy weight 
tely 2600 g m-3,  as 2018 g m" 
Quercus  dumosa and  33 12 g m" Quercus 
agrifolia by et al. (1981). 

twig is 
a sizable fixed in these 
species  (Oechel 1981; 

1983). levels, the  stem  sup- 
in thick- 

and stems. 
oaks  had 15 and  9 % above 

in leaf while Quercus 
coccifera in 11 % in 
leaf (1981) 
ed 18 % of 
biomass of Quercus coccifera was  in  leaf 

A of fixed is 
budgeted  to supply- 

fine 
et al., 1977). Estimates of 
tion vey difficult 
well er al. calculated  the  total  amount of 
utilized in of new of 

this 
fixation, and estimated that 15 to 40 % of annual 

gain  was  utilized in 
(see Table 4). i t  was esti- 
mated  that 55 to 65 96 fixa- 
tion  was used by species in 

1981).  All  of these estimates include 
in plant bio- 

mass  as well of 
of the 

in sug- 
gested to indicate of 

level  of 
is found can  only  be  established 

study of site inhabitants in an  attempt  to 
in which  physiological and 

use. of plants  depends  on 
the  photosynthetic  potential of leaves, 
ment of leaves in the  plant  canopy,  the  amount 
of leaf efficiently  be supplied 
with cost to  the 
plant of 
tion  depends  simultaneously on 
of 

physiologically  based  models of plant 
which can  evaluate  the significance to 

of change in 
cf. Jones et  al. (1980), et  al. (1980), 

assump.- 
especially 

These, assumptions  must  be 
as new is new 

insight is obtained. this depends  on  the 
development of  new techniques 

field conditions. 
The in this 
to 

We wish to  thank W. 
technical 

assistance in of the We 
O. 

facilities at the 
tion in was sup- 

by the 

beit in 

of 

lx lAMZ-84/ 

CIHEAM - Options Mediterraneennes



51 

ANGUS J. F., J. J. (1976). models. 

A. (1978). of photosynthetic  unit size and density with photosynthetic capacity. 

O., A., J. (1975). of photosynthetic intact  plants. 
with 74: 

W. A., C. W., (1983). in 
aquatic ecosystems. Ecology O. L., Nobel S., Osmond C. an eds., 

pp 305-327. 

S., L. (1977). use of 
by C, and C, species. Oecología 29:  275-300. 

F. O. C.  A., A. V. (1982). of 
vegetation. Ecologia 8: 203-222. 

F. S. (1980). of use by màn-modified 
of 

New pp 175-187. 

F. (1979). Adaptation in  a in to  seasonal changes  in the light 
Thesis, Washington Saint 

E. A., C. (1977). system  of live yield in J. Soil 

T. (1978a). gas  exchange  of taxa. Oecologia 34:  343-351. 

T. (1978b). gas  exchange of C,  and C, beach  species 

A. (1973). type ecosystems: 

W. G., S., W. A., (1967). A in plant 

F. E., A., G., SAUVEZON (1977). de 
échanges de CO,, et chez de végétation sous climat Les 

de la végétale A. ed. pp 1-75. 

A. (1983). 
Ecology O. L., Nobel S., Osmond C’. B. and eds. 

tica 10:  367-377. 

Wash. 77:  234-237. 

743- 75 1. 

174-180. 

salinities. Oecologia ) 36:  59-68. 

communities. 38:  181-205. 

pp 205-23 1. 

EVANS J. (1983). and photosynthesis  in the  flag leaf of  wheat aestivum  L). physiol 72:  297-302. 

N. (1982). The challenge of 

(1981). Leaf age effects of individual leaves in 
ductivity  of and Applied  Aspects, N. S. A. eds,  The 

Junk  pp 41-50. 

Johnson V. A.  ed. Univ. Neb. 32:  178-196. 
A. (1975). of  physiology  in 

J. (1984). effects of light, leaf CO, and O, on  pho- 
tosynthesis in in 

Ecology 36:  667-678. 
J. S., G., (1955). systems  of in Cali- 

J. W. (1983). of 
O. L., Nobel S., Osmond C. and 

pp 233-280. 

JONES J. W., L. J. (1980). A yield. 
Ecosystem Vol. 2, J. Jones J. W. eds. 

pp 279. 

(1975). Simulation of use in 

F. J. (1983). Ecosystems,  Ecological  Studies 43. 

S. G. E., C. B. (1977). Effects of light, 

Wageningen pp 176. 

oxygen inhibition of photosynthesis, in 59:  868-872. 

K I 

i 

CIHEAM - Options Mediterraneennes



52 

G. (1981). Use by Chappa- 
C. ed. New 69-96. 

(1983). maximizing in ecosystem of low 
le of J. F., T. J. U. 

246-+3. 

F. T. (1969). A of 
3:  263-275. I 

S. (1983). systems. 
pp 151-172. 

(1973). Soil in ecosystems of 
Ecosystems, F. eds. 199-210. 

G. (1971). synthesis in 
J.  Appl. Ecol. 8: 925-953. P 

C. A. (1966). in five at successive 
stages of development. J. 58:  605- k 08. 

C. (1981). Use  by 

C. (1983). of in heat 
Type Ecosystems - The F. J., J. U. 
New pp 134-166. 

(1977). cycle in; 
Consequences of in Ecosystems, A., C.  E. eds. 

Sen,  Gen WO-3, C. pp 107-1 15. 

A. (1983). capacity and allocation of 
. Type  Ecosystem- - The of F. J., T., J. U. eds. 

A., O., COLLATZ  G. J. (1977). in 

New pp 103-1  19. 

the Wash. 76:  328-335. 

Oecologia 14: 295-306. 

S. L. (1979). 
of plants. Topics in T., Jain S.. Johnson  G. and eds. 
New Columbia Univ. pp 316-337. 

A., S. L. (1983). - man-modified  communi- 
ties. Ecosystems,  Ecological  Studies 44? pp 146-158. 

A., (1974). in a 

J. (1980). leaf and  canopy light models. Ecosystem 
Vol. 2, J. and  Jones J. W.  eds. pp 49-67. 

J.  (1973, 1974). Ann. of Ecol. and Systematics 4: 25-52; 5: 195-214. 

W. C., W. (1981). utilization. Use by 

F. W. T. (1983). Ecology O. L., 

J.  JONES J. W. (1977). Leaf as in physiol 59:  10-14. 

S. (1984). of uptake by a Quercus coccifera L. Oecologia 

C. ed. pp 185-236. 

S . ,  Osmond C. and eds. pp 117-150. 

in 

(1981). Some  aspects cycling in of Ecosystems  of the 
1 di W.  and  Specht L. eds. 

New Scientific Company  pp 289-301. 

J. A., S. (1981). photosynthetic  conductance. 
ductivity by Johnson  C. ed. 109-136. 

J. F., G. L., (1980) 
and ecosystem models. J. J. W. 

eds, 169-209. 

(1983). its limitations in Ecosystems, 

W. S. (1980). in the availability  of  light, 
the development of of Ecology 61: 

E. (1982). life Ecology 

A. eds. pp 159. 

781-789. 

Lange 0.-L., Nobel S., Osmond  C. eds., pp 615-676. 

- R 

8 

CIHEAM - Options Mediterraneennes



G. 
C.  ed. New pp 237-258. 

L., E. J. (1983). of the 
view. of F. J., J. J. U. 

pp 41-65. . 

C. J. Simulation of light 
applied  biology 4:  467-483. 

J. O. L., J., J. A.  (1984). Changes in photosynthetic capa; 
city, efficiency; and  CO2  compensation  point  associated and  midday 

of leaves of Quercus suber. 

J. O. L., (1980bk of net 
photosynthesis of soybean  leaves.  Analysis  with  a  physiologically  based  steady-state  photosynthesis  model.  Oecologia 

46:  314-321. 

unedo of 
ductivity of - N. S. eds., Junk  The 

Junk  pp 61-69. 

J. A., LANGE O. of a  photosynthesis  model  with an 
emphasis on ecological  applications. V. Test of the  applicability of a steady-state  model to of net pho- 
tosynthesis of 45:  147-155. 

l 
J. LANGE O. L., J. F. (1981). in . 1 

l New 385. 

. G. of of of 

WONG S: C., COWAN G. 

1969 pp 159-175. 

82:  424-426. 

CIHEAM - Options Mediterraneennes


