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EX773WU 

George W. 
Department of Biology 
San Diego State University 
San Diego, CA 92182. 

C,-C4 Size, Efficiency, Limiting 
Net 

inputs actions- function in that  stimulate 
biological and physical conditions and  to 
tect domesticates against biotic and inputs, to some substitute in 
simplified -the conditions and 

exists in' ecosystems. Thus,  the maximum efficiency of inputs may, 
conditions, a close to the dynamics of and 

lation in inputs may cause as well. Too much  of 
immediate of exploita- 

tion, with of also still tending to 
potential input actions that may cause 

and  substantial of inputs function to offset these 
and levels exceeding levels. Thus,  a subsidized can 

The  magnitude of this limited by diffe- 
such as and seasonal of and 

duction  levels in to input intensities suggests that C, species may but 
not  exceed, levels of zone ecosystems, but that C4 species  may substan- 
tially exceed  such  levels. the costs of.inputs come into play, and these have 
led of utilization of inputs, to and  an in the size 
of the most  economical in the United States in decades. 

C3 and C4 Efficiency, 
Limiting Net 
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- 

inputs o acciones- funcionan en  los los 
que estimulen el y almacenamiento biológico, condiciones físicas 

los de y especies domesticadas 
el daiio biótico o físico. Estos inputs, punto, sustituyen en  los 

-las condiciones y los de que existen en los ecosistemas 
la  máxima eficacia de los inputs puede, bajo condiciones 

simplificado, a y de la 
inputs en  el pueden también un que conduce a Un exceso de 

input puede los inmediatos de y almacenamiento. La 
con de cosecha, puede, de todos modos, la 

ción  del tendiendo a la potencial. En de 
input pueden a y una sustancial de la 

Los inputs funcionan y niveles de 
se o excedan los  niveles 

Así pues,  en los podemos que una de la PPN está La 
magnitud de como 
y estaciona1 de El análisis  de niveles de de y cultivos,  en 
ción a las intemidades de input especies de cultivos C3 pueden 
no los niveles de ecosistemas de templadas, que las espe- 
cies C ,  pueden tales niveles. los costos de los inputs 

en juego, de y éstos han conducido a un  modelo de utilización de 
inputs de con a la  mano de y a un del tamaño de la conside- 

económica, en las últimas décadas, en  los Estados Unidos. 

of of the utili- 
zation of ecosystem 
ials 

of basic 
types.  Genetic  inputs  consist of 
animal that  have been selected 

those,  such  as 
augmented  COz levels, 
pants in '.the 

amendments,  and soil 

such as pesticides 
vent biotic to allocation-selected (A-selected) 
domesticates  that have  lost many of 

defenses 1984). 

An in 
the efficiency of utilization of these inputs. 

in the 

to which 
beneficial effects of these  inputs  to  a 

high of 

to  a level . ~ 

to  that of 
in .scope.,.; so.  

technology  has new 
systems of.  input.application  that can efficiently 

well above  those 

we 
that  the of 

systems -Net is 
yield of 
been focus of 
and 

of 
we in both 

the yield, to  the 
of 

ecosystems 
ments. addition, we must that  the 
utilization of inputs  can be evaluated  both in 
economic and biological 
been th-e evaluation  emphasized in 

hand,  also extends to  the  absolute efficiency of 
in of the effect of absolute 

quantities of the  input  on  the and yield of 
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and  that of eco- 
systems we must that in 

is 
chical 

limiting 
this  limitation is 

new 
Likewise, if this 

limitation is taken  away, still 
comes into  play at. a level. Thus,’ when 
we of of 
ecosystems to that of systems, we 

optimum, level lies in 
of 

1.n 
can be envisioned as being  in 

climax  state 
1). The longest and sldwest deyelop’in&- 

is that of 

speed with the 
.of 

ecosystem also  exhibits 
of 

less intense 
than  those succes- 

even in a  successionally 
system, net 

al  climax level, these influences. 
Exploitation of  ecosystem coupled 
with of is of 

below 
level. 

exploitation, as in shifting  cultivation,  can  lead 
to pulse  stability at level, a 
pulsed of ecosystem 
ing  on  the  length of be- 
tween of 2). Contin- 

Figure of ecological succession, intrasystern stress, and climatic  variability to annual net 
primary  production in natural  ecosystems. 
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Figure 2. The relationship of discontinuous  exploitation,  alternating  with  periods of 03 conditions, 
on net  primary  production of ecosystems. 

Dl-SCONTINUOUS  UNSUBSIDIZED  EXPLOITATION 

Figure 3. of continuous  unsuhsidized  exploitation on net  primary  production of ecosystems. 
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uous unsubsidized  exploitation  can  likewise 
level stable 

exist, if the  intensity of exploitation is 
low, of eco- 
system if it is too high 

3) .  

With the application of subsidies, 
complex  situation -is 4). Although 
exploitation  tends  still to 

- effect 
is offset to  some and may 

even  exceed that of 
ecosystem. A of this 

in this  case,  the  extent of the 
of of the 

is usually since 
it is masked by the  subsidized 

of 

time  in  the  quantities  of  subsidies  being  applied, 
even level of 

may  be  coupled with 
level  of 

Few  data exist 
in in 

To gain some  idea of 
we shall 

dized and subsidized and 

of  wild hay, which in is 
of neces- 

native) and 
lized (in states  some 
wild wild hay 

and  states in of 

compilation of such data being 1969. 

Figure 4. Subsidization  and  the  subsidized  net  primary  production fraction of a  continuously 
exploited  ecosystem. 

~- 

SUBSIDIZED EXPLOITATION 

NPF 
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Wild hay 
and 5 )  which 
is nil negligible a significant = 0.455, 

< 0.025) with estimated 
by 

given  by  Leith (1973). these 28 
states, the of wi1d"hay to calcu- 
lated 0.32, 
0.20. This -the of calculated 
that is tends  to be 0.20 
in the  Lake States  and New England,  and less 
than 0.20 in the South  Atlanticaqd  Gulf States. 

. .  

which may be taken  as an exem- 
state, wild hay in 

1969  was 3.197 t / ha and equalled 22 % of the 
calculated of  14.58 t / h a  

of of tame hay (alfalfa, 
small cultivated 
which amounts of 

exceeded 7  t / ha in some  instances.  The 
ence between tame  hay  and wild hay yields. 

of tame  hay yields, 
a 

subsidized type of 
ecosystem. 6, in which 
is to 

7  t / to  a subsidized 
just below a value of 0.6. 

wild and  tame  hay yields 

ductivity, 
with 

1982). / 

become in 
these lightly and stands, 

50 % of total 
the plateau of tame hay yield would be 

close to  that climax 

Figure 5. The rrlation ht'ild hay  yield to  calculated  regional net  primary productiorz 28 eastern  and 
mirh~estern .states (U.S.A.) in 1969. Data from the U.S. Census Agriculture, 1969. 
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Figuj-e 6. Yi eld tame  hay  stands. in in relation to  fertilizer application levels (1969). Data 
from the U.S. Census Agriculture, 1969. 
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. . .  

.. ': To . :assess: the  .influence of in  eco- 
.!.system. 

of'.tbe United  States, which includes Loui- 
siana, / ha  annually 
(Cox 1984). tem- 

wild 
hay yield to equal 3.3 1 t / ha,  a value about 3.5 % 

18 % of Loui- 
of tame 

in 7), how- 
4.5 t / 

value of 18.17 t / ha  that  should  be  attained if 
high subsidy levels, 

equalled  that of ecosystems.  Even if the 

of 
tame hay stands,  the subsidized is 
still well levels. 

in some  cases  subsidized tame  hay 

. .  
- 

.. . - 

1 

yields wild hay 
7 ) .  

is 
in tame hay yields 
between 1920 and 1974, using 
U.S. 

use on 
do  not exist of these cen- 

suses, it is 
use of 

of 
on  t ime  exists  (b = 0.025, F1.x = 27.05, 

< 0.001). while 
lacks  significance  (b = 0.011, = 5,30, 

> 0.05). Thus, of 
tive yields in 

of the soil is low, while in Loui- 
siana  input  intensification  seems to have  func- 
tioned mainly to offset continuing 
tem 
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Figure 7. Yield of tame  hay  stands in Louisiana  in to  fertilizer'  application (1969);.Data 
from the U.S. Census  of  Agriculture, ,1969. 
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Cox  (1984)  concluded that this was shown 
in 

States. 1960-78, the 
slope of total yield on 

use showed a to soil 

being highest of low 

as a of significance in 

"loss is estimated  to be 7.0 t / 
while soil at 'a of only 
about 0.5 t 1982). Soil 

is accompanied by 
 of^ 

al technology,  including  soil  compaction,  salina- 

soil 
of soil in 

of 
is one 

et al. (1977), . 

note  that soil levels closely 
in 

1.0 to 2.15 % the yield 
by about 25 %. 

a 

Odum et al. (1979) et al. (1.983). 
suggests that usable  inputs  have 

a  'subsidizing effect up  to a 

its 
and complete 

of 

adequately  take  into  account  the  fact  that effects 
of 

of the 
ecosystem 

application, while 
beneficial 

When an is 
to  the  cumulative effect of 

a is not easily 
placed on a scale of 
can  also 
influences 'of As noted by Odum er 

R '  
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al. (1979), 
act  with a A combination 
of to these  two 

ing  the  influences of 

We 
subsidized of 
the of systems that they 

As noted at 
maximum levels  of 
hay yields subsidized 

0.6.  Subsidized 

8). To obtain  the values  in  this 
yield adjusted by 

vest index  values of 0.39 0.41 
oats (Singh and  Stoskopf, 1971) to give an esti- 
mate of 

index. is influenced by  a of fac- 
1976) and has been 

subjec.t .to 
in (Evans, 1980), so that these 

subject  to. 
levels of application 

as a  consequence of . 

value of the on a com- . 

. 

6) but  plateauing  at  about the same 
level. case. of these 

is less . 

' at  .maximum. . 

levels is less 
systems  (Leith, 1973). 

levels calculated 
by ' 

mean annual 
equal, 15.40 and 14.58 t / ha, 
1973). Thus, we that  at levels 

Figure 8. wheat  and oats in (1969) in relation to fertilizer  appcati0.n levels. 
Data from the U. S. Census ofAgriculture, 1969. 

. .  

/ ..- . 

16 - 

14 

h 

.NPP.. 
. .  

. I .  
I '  

,' 9 

Wild Yield ) 

I I I I 

0.1 0.4 0.5 

(t/ ha) 
._ 

R lAMZ-84/I 
. .  

CIHEAM - Options Mediterraneennes



156 

is limited 
by 

in 
all C3 species. we examine  the 

subsidized (maize), a C, 
species, a plateau of 

is seen 9). 
yield data adjusted with a 
value of 0.40 1976). The 
plateau of yield  given with  this 

lies slightly above 17 t /ha ;  even with- 

duction, this level substantially exceeds the cal- 
level (14.58 t / 

ha). / 
tilized as  low as 
tem exceed 20 t / ha .  This  analysis 
does not take  into  account 

of 
of 

tem conditions (as 
it specific conditions  sub- 
sidized yields of 
exceed the levels of seen in 

ecosystems. . 

we yields in a 
is 

as we see 
of not 

yield a of subsidized which plateaus 
as lo), while 

11). The subsidized in 
gon  plateaus at  about  7  t / ha. this plateau is 

duction, the yield plateau  would  substantially 

Figure 9. fo r  corn (maize)  stands (1969) in relation to fertilizer  application 
levels. the US.  Census  of  Agriculture, 1969. 
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Figure Yield tame  hay  stands in Oregon  (1969) in relation to irrigation fraction.  Data  from  the 
U.S. Census Agriculture, 1969. 

14 

1c 

Reaional NPP 

Tame  Hay:  Oregon, 1969 . 
. *  . .  

a. ... . 
a .  .. . 

. . .  . .  
. .  

Wild Hay Yield 

o. 2 0.4 0.6 0.8 1 
IRRIGATION  FRACTION 

3 

Figure Yield tame hay stands in Oregon  (1969) in relation to  fertilizer application  levels. Data 
from the US.  Census 

lo t 
12 

NPP 

. Tame 1969 

__---  ... 
\ 

Wild Yield 

SUBSIDIZED 
NPP 

o:, 
I 

0.05 0.1 0.15 0.2 0.25 

FERTILIZER - t/ha 

E 

CIHEAM - Options Mediterraneennes



158 

ecosystems in on  the basis  of annual 
t / 

based on (13.27 t / ha). Thus, 
in a 

than inputs; it mitigates  a  limiting  fac- 
of  the physical 

influences. 

To its 
we 

tion in Valley of 
level 

is 
-0.28 t / ha-  while basis 

-29.84 t / ha. Essentially  all in 
Valley is 

is yielding (1969) about 13.52 t / ha. 
if the yield is doubled  to 

calcu- 
lated on  the basis of 

Thus, it use of  basic inputs of 
in 

in combination with 
ductive levels 
close to  those of ecosystems of the 

levels is 

has  not been 
;: 

of species 
with levels of poten- 

tial can levels 

inputs can be 

A question of 
level at which 

maximum efficiency of inputs is 
close of ecosys- 
tems. The  point of maximum efficiency 
given input  can be 

in 

'yield  is when input is 
a  significant yield exists in  this 
case  the line of equal 

of maximum  net yield is the 
point of tangency  on  the yield of a  line 

.kqual 
value  line may lie above  the 
At  the  point of maximum  net yield the  value . 
will  be least  negative, if the  equal 
value  line lies 

x / y  of net yield to cost will not neces- 
be  maximal.' The  maximum efficiency, in 

is given~  by  the  point of tan- 
gency of 
ting at 1980). 

gives of the 
point of maximum efficiency even when the axes 

$ of yield vs 
tons of 
the  point of maximum efficiency defined in this 

will always  be at  if 
duction is convex;  only  when 

is sigmoid will the  point of maximum 
efficiency lie 

done of input-output 
efficiency in 
of is - 
by the inputs, 

1980). As (1977) note, 
in 

addictive". 
it is of 

efficiency beyond  those of immediate  cost  and 

Although i t  is difficult to efficiencies of 
input  use  in U.S. 
published  statistics, we can  examine  the  econo- 
mic efficiency of input use of 
size. we U.S. Censuses 
of sales of 

expenses 
we find that'the maximum efficiency, in the sense 
of maximum met is 

of size. 
in 1978, 

was with a mean size . . 

we 
suses decades, we find'zthat. 
size of efficiency tias . 

ily, 238 in  1959 to 354 in 1969. 

cause of the  shift in 
size in the U.S. in is  well known 
- in the  cost  of 

in 1959, of 
size costs 

ly / 
= 0.012, 111 = 6.304, < 0.05). 

1978, had changed  somewhat, 
costs 

ted to / cost ex- 

. i l  

. .. . 

.* 
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Figure 12. net yield and breakeven  points harvestable  output  relative  to  productive  input 
in agroecosysterns. 

vlaximum Net 
Yield Point 
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3reak-even 
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with (b = 0.041, = 8.99, 
< 0.025). spite of 
ship, .the. of in annual use of  

in.  the'  üniteij  States  has slowed 
.1983). -1982, total  annual 

million  tons, 
.million ..tons. in .  .1.981.. the 

1.972-82, of annual 
' . .  .use. have. been'less  that.  half.'of  those, all 

1962-72. This 

have  begun  to  inhibit use of an  input cate- 
is basic to biological 

with efficiency of 
in 

This  fact  emphasizes one of 
in the  evaluation of efficiency of 

in 
of 
ditional  evaluations of efficiency, no 
tion is given to of 
conditions the 

E I 

yield to ' . 

the use of ecological 
point.of view, efficiency must  be eva- 

the 
of 

cal and aspects of ecological 
ization at stability. 

is suppose  that  economic 
input-output analyses will a close 
tionship  between points of maximum  input effi- . 

ciency we 
need evaluations of input efficiency in 
ecological these input analyses, as 
well, we that  inputs of equal 
value  may be utilized with of 

so-that they stimulate . 
levels  of we may  hypothesize . 

that ,skillful use of of '_ 

inputs will achieve maximum efficiency at  a level .. ' 

of' ._ 
of ecosystems limited by the 

. 5 ' 
, .  

CIHEAM - Options Mediterraneennes



160 

;.X , 

COX,  G. W. 1984. The linkage  of inputs  to  outputs in G. 

L. 1969. Effect of / leaf in and 

J. 1976. The biological yield and 

T. C. E. 1980. in a 30:  697-701. 

EVANS, L. T. 1980. yield. Sci. 68:  388-397. 

C. and C. 1980. CT. 

L.  and J. T. 1983. 1982 

S. and J. A. 1977. 713-731 W. (Ed.), 

1973. ecosystems. Ecology 1: 303-332. 

E., J. L. J. 1977. Soil dynamics 333-351 

E. J. T. E. 1979. 29: 

OTA. 1982. of  technology on U.S. Office of  Technology  Assessment, 

J. F. and J. 1982. A 49:  585-597. 

F. E. T. 1983. 

ecosystems: unifying concepts. John Wiley and  Sons, New 

Ann. 33: 561-569. 

28: 361-405. . 

Tennessee Valley Shoals,  AL. 

NY. 

W. and New NY. 

349-352. 

of the United 

ecosystem management. 33:  642-646. 

1971. index in J. 63: 224-226. 

R IAMZ-84/I 

CIHEAM - Options Mediterraneennes


