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David 
Department and Section 
and Systematics, Cornell University, 148.53 

this analysis inputs emphasizing or maize, is of 
systems of complexity. in yield is 2 to 8 times 

intensive management systems than in hand systems. The of 
output to input is 2.14 to 1 system and to 0.73 to 1 when 

hoe is The change in the mainly due to a in 
costs in systems, although fossil fuel costs do 

systems may may not be efficient than systems depending upon the 
to pests. Quality ,of the is also of Soil and 

which act to yield and costs. 

En este  análisis, los inputs de en la de cultivos, destacando el maíz, 
una de de complejidad La en la de 
maíz es de 2 a 8 veces en sistemas de manejo intensivo que en sistemas  manuales o de 

animal. input de 2,14 a 1 de 
y disminuye de 0,73 a 1 cuando de azada. La del cambio en la 

se debe, a  la disminución en los costos en de la mano de en los 
sistemas aunque los costos en combustible fósil continúen .- 

pueden o no, más eficaces que los sistemas 
dependiendo de la de los cultivos a  las plagas. La calidad de los posee también 

La del suelo y el agua son también que  actinan la 
e los costes de 
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of  which 
is 

flows. 
chemical 

use by  the  biological  system  using the 
elements  of C, O, N, Ca, 

of humans  and 
of food 

by  the  ecosystem. 

million 
is 

com- 
pletely been 

10,000 
fossil 

been  used in 300 

One of 
intensive 

. 

population  is  now  at 4 7  billion 1983) . , 

and is 6.2 billion by  the 
of 1981). 

exist in the About  a 
half  billion 

is 
(FAO, 1981). is 
deficits  in  developing nations will 
the  next 2 decades  (FAO, 1981). 

depends  .on  the  social,  political, and economic 
of  society. 

is being in the  United  States 
being paid $35 billion 

Figure 1. \\rorld population numbers (-----) f r o m  1600 to 1975 and projected  numbers 
(-----) (????) to the  year 2250. fossil -fuel consurnption (-----) j?om 1650 to 1975 
and projected (-----) f o  the  year 2250 Fundt 1979; Linden, 1980). 

. _ - - - - _  . . . . . . . . . . . . . . . . . . . . . .  
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,?? *'. . 
Vd,, \ *u 

Years 

R IAMZ-8411 

CIHEAM - Options Mediterraneennes



food  while mal- 
in of 

ple U. S. 

met is economics, U. S .  
the  food  without economic 

of no money to 
No is 

next 2 decades if 
is to be dealt  with,  plus  meet 

food needs 2 billion 

bling  food  supplies will 
efficient use of 

used in 

can be 
biomass by 

i: influenced by the 
quality of 
in 

The  foundation of the  total life on 
the  unique  capacity of plants to 

is then utilized by i n  the 
ecosystem includhg  humans.  The success of 

is by the  amount 
of 

of 
while using fossil 

in about 
14 X 

in 
7 X lo9 

tions of soil is con- 
of 

feed of .1980). 
example, high yielding 

good soils of 7,000 kg/ 
ha of 7,000 kg / ha of 

to 
totals 63 X kcal = 4,500 kcal/ 
kg) and about 0.5 96 of 

(1 96 
the efficiency is much 

less with a 
yield of  40,000  kg / ha,  have a weight of 

lAMZ-84/1 

about 8,000 kgha.  on total  biomass 
of 12,000 kg/ha  and  an 
lo6 kcal.,  potatoes  have  a 0.4 % 

efficiency of 
yielding 2,700 k g h a  of a total 
'of 6,750 kg bio&ass/ha, which has  a  heat 
value of 30 X lo6 kcal. efficiency 
of sunlight  into  biomass in this system is only. 
0.2 %. Ali of these  systems . 

less 
efficient of is 
about O. 1 %. of 0.1 % 
efficiency is to  that of 
U. S .  et aZ . ,  1978). 

Although  all  these efficiencies 
low to  the  total  amount of 

a of still 2 to 5 
effi- 

ciency of U.§. which  is esti- 
mated to be about 0.1 % et al., 1978). 

the 
biomass was assessed 

tillage,  seeds,  weeding, 
the 
systems with 
efficiencies in ,. 

by hand 
swidden / 

an axe,  a  hoe,  and 
seed (Table  l).- A total of 1,144 

of is 1944 kg. / ha. 
This 1,144 about 57 %%-of  the 

cal- 
in 

am  assuming  the  individual is 
of a  developing Thus,: this  man is 

assumed to consume about::3;000 kcal of. food 
6,000 kcal of- fuel- 

and 1979). 
Little heat is needed b.ecause the is 
assumed to be is assumed 
to consist of 
about. 9,000. kca1.j day: To 

of additional. 9,000 
was added to 

of was 
calculated to be  9.4  million  kcal. (Note, this is 

15-times 
by the indivi- 

which is only  about 600,000 kcal 
and 1979). 
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. .  . 

. _  . . 
Table 1; . ìn corn (maize)  production in using only  manpower. 

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

I . .  
. : . .  

" .  . 

kcal/ ha Quantity/ha 

1,114 h 

16,570" 16,570 kcalh Axe and hoe 
9,362,000' 

36,608" 10.4 kg" Seeds 

Total 9,413,178 

OUTPUT 

Total yield 
0.73 output/kcal  input 

1,944 kg" 6,90 1,200" 

( a )  Lewis. 1951. 

( h )  
( c )  Sec tcxt assumptions calculating kcal input.  

and 1970. 

hoe. 
seed is added  to  the  human 

input needed to 
by hand is about 9.4  million kcal/ 

ha  (Table 1). yield of 
1,944 kg 6.9 million  kcal, the  output / input 

is only  0.73  (Table 1). be noted 
of the 9.4 million  kcal 

input was biomass 

was 
by supplying  some of needs. 
Thus,  although  only 0.73  kcal was 
input  kcal,  the  system is to human 
society because  the 0.73 kcal was food. 

some of the 1,144 of in the 
with 

200 
might.be to 380 2). 
in 3.1 million 
kcal and is still input.  The feed 

200 with 
capacity of 1,600 / was  150 kg of concen- 

295 kg of hay 1956). 

The  total is calculated 
to be 4.6 million 
of 0.72 : 1 (Table 2). is 

1 and  2),  but  note 
ox system  was  only 

941 kg / with 1,944 kg / ha in the 
2). 

this low yield is been planted 
on  bottomland  that  had been 

of the soil on  this bottomland was 
than  that in / 

by 
yields would 

be yield of slash / 
1). Of 

into  the  ox-poweied  system  would  have  to be 

flow in was examined 
that  included all  the 

U.S. 
(Table 3). A  total of  120 of 

to 10 of 
682 kg (1,500  lb) 

was calculated to be  136 kg of 136 kg 
of hay  (Table 3) 1956). This  system 
assumes 1,600 

only  7.5 96 120 of the  total 
feed is of 
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Table 2. in corn (maize)  production in using oxen. 

ox 

Seeds 

Total 

Quantity/ha 

383 h 
198 h" 
150 kg. 
295  kg 
41,400 kcalh 
10.4 kgh 

. 

kcal/ ha 

3,120,750' 

525,000' 
885,000' 
4 1,400" 
36.608" 

4,608,758 

yield 941  kg" 

output/kcal  input 

3,340,550 

O .72 

.*- 

- .  

( a )  Lewis (1951). 
(b ) ,  Estimated. 
(c) See text assumptions used in calculating  these  inputs. 
(d) (1979). 

120 
of this  system we .as,sume that 
an U.S. utilizes 
million  kcal of 1983). 

of 4 
this  totals 304 million  kcal. 

120 6 % of his' total 
output 18.2,, million  kcal 

of (Table 3). 
in was 26.7 million 
kcal. Thus,  the  ouput / was  0.92 : 1 
(Table 3). This is than eith- 

(Tables.1-3). 

in 
is of man-, ox-, 

systems  (Tables 
1-4). Typically U.S. hea- 
vily 

input is to only 
with  1,144 

. .  

.. . ~ 

/ 120th that  ,of the 
system (Tables  1 and 4). ,The  input 

U:S. syst6.m.  is only  'li9 million 
kcal .of seäson, which is 

and 
' ._ " . .  . . . .  

is the 

(mostly fos.sil fuel) 
of. 

about 11.5 million kcal/  ha the equivalent of 
about 1,150 of oil (Table'4).  Then  based 

yield of about 7,000 kg / the 
equivalent of  24.5 
put / 2.14 : 1. Note,  the fossil 

input  in  this system about 18 % 
of by 

(63 X lo6. kcal).' 

bio- 
mass as  men- 

. .  . .  

K 

y 
IAMZ-84/ I 
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Table 3. f o r  corn production in the  United  States  employing  horse power. 

[tem 

Lime 
Seeds 

Total 

Quantity/ha 

120 
15  kg 

120 
190 kg 
190  kg 

2.25 X lo6 kcal 
35 kwh 

152  kg 
75 kg 

96 
426 kg 
21 kg 

3 kg 
8 kg 

3,300 
300 kg 

OUTPUT 

Total yield 7,000 

output / kcal input 

tioned, 14 billion kcal of an 

biomass of 14 t / ha,  the  amount of sunlight 
is 0.45 % (0.22 % itself 

was only  0. 13 9% (Table 1) 
the was only 0.06 % 
(Table 2). Thus,  the U.S. intensive management 
system was 2 -and 8- times 

in 

systems. 

yield is now at  about 7,000  kg / ha in the 
high can  these yields go? 

it yields have  tended 
to a  plateau  since 1970 
the  fluctuations in yields in amplitude. 
This is expected  when system is 

~. . - 

kcal/ha 

18,200,000 
27,000 . 

665,000 
570,000 

2,250,000 
100,000 

2,128,000 
225,000 
134,000 
134,400 
520,000 
300,000 
800,000 
660,000 
80,000 

26,733,000 

24,500,000 

O .92 

maximum 
of is affecting 
the system is 

This  emphasizes of 

yields. be a  suitable  geno- 
type that will best high 
levels, with sound pest 

levels; 
season. 

With 
yields may 20 t / ha  of 

300 bu / 
of  40 t / ha, 180 million kcal of 

of about 1.3 9% of 
is about 10-times 

of 

The  limitation of of one 

R 
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input while is  well 
with 3). Note  that in 

was  applied,  the yield 
was about 2,200 kg / yields continued 
to to 6,900 kg / ha 

230 kg / 
applications of yields actually 
declined. Too  much is toxic to 

systems 
tive to  maintain soil 

et al., 1983). 
is usually  defined  as 

tion  systems  that  avoid  the use  of synthetic 

1980). The 
.__.__ 

, -  . N, and by wastes 

The toxic applied at 270 
kg / be offset  by 
the  applications of while at  the  same 

the  amount of to 
the 

is of levels. of N, 1.5 kg of 

including leaves, dung,  and legumes 
(e. g., sweet and soil 

amendments like 

.-. .. _ _  - 

Table 4. f o r  corn  production in the ,United and Wen Daz- 
. hong, 1984). . .~ 

Gasoline 

Lime 
Seeds 

Total 

Quantity/ha 

10 . . 

55  kg 
40 1 
75 1 

2.25 X lo6 kcal 
35 kwh 
152  kg 
75 kg 
96 kg 

426  kg 
, 21 kg 

3 kg 
8 kg 

. 3,300 kg 
300  kg 

OUTPUT 

kcal/ ha 

1,900,000. 
990,000 
400,000 
855,000 

2,250,000 
100,000 

2,128,000 
225,000 
134,000 
134,400 
520,000 
300,000 

. 800,000 
660,000 
80,000 

1 1,472,000 

. .- 

Total yield 

2.14 outputlkcal  input 

~.24,500,000 7,000  kg 

R IAMZ-841 
. .  
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Figure 2. U. S. corn yields from 1909 to present. 

Figure 3. Corn yields ( k g /  ha)  with  varying  amounts of nitrogen  with  the  phosphorus  application 
3. held  constant at 38 kg/ha  and Doll, 1959). 

5 
0 .  

- 4  

2 

1 

L 

-e 

40 80 120 160 200 240 280320 360 
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and 3  kg of wet ton,  then  to  meet 
(152 kg / 27 

tons of 
sweet 

legume  has to be utilized soil, 
then in essence 2 of 
to of of the 
land is  in fallow  with sweet 
gen is then planted  on this land 

A of sweet 
will  fix about 168  kg  of N 
et al, 1983). 

Using livestock as of 
in an 

of about  7 : 1  com- 
with about 4 : 1 the  conventional 

et al., 1983). 
the system  was  54 % 

the conventional. Collecting and 
applying livestock 

inputs of 
lysis  of by 
ventional systems 

to  those of et 
al., 1983). 

both significantly less efficient than 
conventional potato  and 
tel et al., 1983). this inefficiency 
is that  without pesticides. potato 

50 % and  apple yields by 
95 9% et al., 1983). yields by 
50 to 95 % of 

used, while including  all cultu- 

duction  much less efficient than  conventional 

insecticides,  fungicides, 
and losses 
to  2 % when no pesticides 
tel et al., 1983). 

can be 

highly pest  susceptible 
may be  highly  inefficient. 

20 to 60 % than 
conventional systems et al., 1983). L 

OF 

Land is an 
97 9% of all food  that  humans 

consume in 
about 3 % fish and 
nisms that liye in the aquatic  habitats 

i 
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et  al., 1975; CEQ, 1980). To 
this food, about 34 % of the 

livestock 

Sound  land use 
in the 

by especially 
by et al., 1976; 1380; 
Eckholm, 1982). diminishes  the 
tivity of and is a 
to sustainable U.S. and 
et al., 1976; GAO, 1977; SCS, 1977; OTA, 1982). 

loss U.S. is estima- 
11 to 20 t / 

0.5 to  2  t / ha  (GAO, 1977; SCS, 1977; 
1980;  1981). is 
slowly; is 
0.5 to  2  t / 

1964; 1981). 

is esti- 
mated  to  be twice as bad as it is in the  United 
States 1975). 
it is of 67 t / ha of soil 

being  lost the land  annually  (Ahmad, 
1973). 

by 
fine clays, thus 

in a loss  of 
city; (iij and 
(iii) as the soil  thins 
(OTA, 1982). of 
United  States,  soil losses the  past 100 to 
200 in yield 

25 to 50 as 
soybeans,  cotton,  oats, and  wheat  (Adams, 1949; 

1976; Langdale et al., 1979). 
Nonetheless, yields in most U.S. 
have been impacts of 
sion  because of inputs (e. g . ,  

and pesticides) and the use of such 
advanced  techonologles  as  high  yielding 

et al., 1976; OTA, 1982). 

With  about 10 tons of soil  lost 
the  quantity of 

with the  soil 50 kg of N, 5 kg of 100 kg 
of 1983). 

is 
to be with soil. 

of the  soil 
will yields. de- 

3.8 % to 1.8 
% will yields about 25 96 (Lucas 
et al., 1977). 

is difficult to  make  a statement  about 
the effects of 

K 

y .  

IAMZ-84II 
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because it m i l  

evidence  suggests that 
in 2.5 cm. (1 inch) 
of soil is about 5 9'0 

350 kg if the yield potentially 
7,000 kg / et al., 1976). To offset 

inputs  such about 
350,000 kcal 350 oil equiva- 

et al., 1981). 

is 
duction  and is the single  most 
in limiting in 
tel et al., 
amounts of to 
is 5,600 kg 

will 
about 2.4 

1970). To 

4 million of hec- 
To  pump 

- .30 
about 12 million kcal of 
1980). 

with when 
in 

mente1 et al., 1982). 

essential to 
Soil biota,  including  fungi, bac- 

play  a 
in the 

(N, by 
er al., 1980). 

of the  soil. 

essential 
1983). With- 

like and  some 
vegetables  could not be 

bee pollination  would be  excep- 

ble task 

in 

will . 

U.S. . 

system  -with  only 10 of man- 
of 11.5 million  kcal  was 

efficient 
the 

systems that  had 

will 
indefinitely  because of the of 

of 

in 
input. 

of food  can be 
duced with the  same  inputs than using 

systems if the ecosystem 
is soundly  managed  and of 

plants utilized.  Although total biomass 
in is 

in 
most  cases  society is seeking specific types of 

vita- 
Thus,  any assessment 

of efficiency in 

and  biomass 

now U.S. yields 
ing  a  plateau of yield 

is declining. U.S. yields will 
ably  continue  to at least next 2 

will  be 

management,  the  amplitude of fluctuations in 
yields 

is 

amounts of fossil being 
utilized to offset soil 
ductivity. A is to 

of 
essential 
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